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Abstract

Modulatory Influences of Negative and Positive Emotion on the Acoustic Starthdirtkye
Reflex: An Examination of their Neural and Behavioral Correlates irfativith
Neurodegenerative Disease

Anita Anil Madan
Doctor of Philosophy in Psychology
University of California, Berkeley
Professor Robert W. Levenson, Chair

The startle reflex is a primitive defensive response. Research has shothe tteéngth
of its expression varies as a function of the organism’s internal state. Tiheerstgyonse is
enhanced in the context of negative emotions (negative-potentiation) and inhibited in éxé cont
of positive emotions (positive-attenuation). Based on animal studies, emotidunahaels on
startle responding are thought to be mediated by subcortical systems inri{e lgraamygdala
and nucleus accumbens). However, the neuroanatomical basis for the emotion moduthted st
not been well-characterized in humans. Furthermore, researchers havemoedxae
consequences of impairments in the emotion modulated startle for functioning idagvigie.
The present study attempted to clarify these issues.

The neuroanatomical and real-world behavioral correlates of the emotionateadul
startle were examined in patients with neurodegenerative disease, why dispige of
impairments in both the brain and behavior. The patient group primarily consisteceatgati
with frontotemporal lobar degeneration, a disease that causes profound changes$ amdoci
emotional functioning, and which selectively targets frontal, temporal, and schteystems in
the brain — regions that have been implicated in the emotion modulated startldleh groap
of patients with Alzheimer’s disease was included to determine whetbergsngeneralized to
patients with more posterior neural atrophy. Finally, neurologicallyteabntrols were
included to ensure that the typical emotion modulated startle pattern was ohtangethe
procedures applied in this study.

Participants viewed a series of negative, neutral, and positive pictures, and wer
intermittently exposed to a 105 dB acoustic startle stimulus while the tudgmif their startle
eyeblink reflex was measured. Negative-potentiation and positive-attenuaties a@re related
to three brain regions of interest in the right- and left- hemisphere: the dmygaeus
accumbens, and orbitofrontal cortex (OFC). Finally, emotion modulation scoreselsted to
caregiver-ratings of behavioral disturbance seen in patients’ everyday |

The control group displayed the typical startle modulation pattern, witlripesk startle
eyeblink responses in the negative, followed by neutral, followed by positive condition. The
patient group, as a whole, did not differ from the control group in terms of overall riodula
pattern. However, among the patients, variability in startle modulation wasdr&dateural loss
in specific brain regions. Consistent with the animal literature, nessin the right amygdala
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was associated with diminished negative-potentiation of the startle, but hadat@eff®sitive-
attenuation of the startle. Contrary to the animal literature, there wasociaion between the
nucleus accumbens and positive-attenuation. However, neural loss in the leftorathfrontal
cortex (OFC), a region that is functionally connected with the nucleus detisrand involved
in contextually-sensitive appraisals of positive/rewarding stimuli, wsscgated with enhanced
positive-attenuation of the startle. Finally, when real-world behavioreglates of the emotion-
modulated startle were investigated, caregiver ratings of pataayso-day anxiety correlated
with the level of negative-potentiation they displayed in the lab.

These findings support the idea that negative-potentiation and positive-attenuation of the
startle response have distinct neuroanatomical bases. They also provide evidemispieric
specialization in the emotion modulated startle, with the right hemisphere suppeqeitiye-
potentiation, and the left-hemisphere supporting positive-attenuation. Fthadlgtudy
demonstrated that variation in the simple modulatory responses measured in the emot
modulated startle task can predict functional disturbances in real-world dbehavi



Modulatory Influences of Negative and Positive Emotion on the AcoustideSEartblink
Reflex: An Examination of their Neural and Behavioral Correlat&&airents with
Neurodegenerative Disease

Introduction

The startle reflex is a defensive response to sudden and intense stimulati®prbsent
in all mammals, reptiles, birds, and amphibians (Simons, 1996). It consists of aceegjuen
involuntary muscle contractions that serve to interrupt behavior and withdraw thé& dmody
imminent harm (Lang, Bradley & Cuthbert, 1990). These evolutionarily hard-weteaviors
are mediated by low-level brain stem circuitry (Davis, Walker, & Lee, 1998¢h allows for
rapid mobilization of a response prior to conscious awareness of the elicitoth®yeast thirty
years, the simple startle response has gained prominence in psychokxgeath (Grillon &
Baas, 2003). Given its primitive nature this may seem surprising. Hovavaccumulating
body of research has demonstrated that startle behavior is influenced bipex nficontextual
factors of interest to psychologists. The intensity of startle respondingicufzly sensitive to
variations in the organism’s internal state, including factors of attentingabement, emotion,
and motivation (see Lang, 1995 for a review). By manipulating these factors urtdgr hig
controlled experimental conditions, the startle reflex has proven to be a simple anfiiigook
for probing ongoing affective and mental processes.

The Emotion Modulated Startle Response

The focus of this dissertation is on the well-established finding that emotiates,s
varying in valence, differentially modulate the magnitude of a concurrdititeé startle
eyeblink reflex. Specifically, following the induction of a negative emotistatke (usually by
highly arousing picture stimuli), an independently evoked startle eyeblink responseeased
in magnitude relative to its response in a neutral emotion condition. This redaieias
“negative-potentiation.” Conversely, following the induction of a positive emotsing, the
magnitude of an independently evoked startle eyeblink response is inhibitacrelats
response in a neutral emotion condition. This is referred to as “positive-ataritibhese are
highly replicable phenomena that have been demonstrated across startle qutaliges)
(acoustic: e.g. Vrana, et al., 1988; tactile: Hawk & Cook, 1997; visual: Bradley, @ fbe
Lang, 1990; Erickson, Levenston, Curtin, Goff, & Patrick, 1995), startle probe inggnsiti
(Cuthbert, Bradley, & Lang, 1996), and methods for eliciting emotion (films: Janseijda,
1994; odors: Miltner, Matjak, Braun, Diekmann, & Brody, 1994; Erlichman, Brown, Zhu, &
Warrenburg, 1995; sounds: Bradley et al., 1994). Furthermore, alterations in the emotion
modulated startle have been identified in a number of forms of psychopathologyaeande
phobia: Hamm, Cuthbert, Globisch, & Vaitl, 1997; schizophrenia: Schlenker, Cohen, &
Hopmann, 1995; psychopathy: Patrick, Bradley, & Lang, 1993), indicating the atitiys
paradigm for clinical research.

Although the neural basis of the primary startle reflex is well understood, s bases
of the emotional systems that exert modulatory influences on the stéetleh@ve not been well
characterized in humans. Elucidating these neural systems will shed light emdeustanding
of normal and pathological emotion processing. In addition, although the emotion modulated
startle paradigm has been useful in characterizing aberrations in emotiesging in a number
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of forms of psychopathology, few studies have attempted to assess whethey idahcst
laboratory-based measure are associated with measures of rebfumotional impairment.
This study attempts to address these gaps by studying the neural amndrieédlehavioral
correlates of the emotion modulated startle response in a sample of patilents wi
neurodegenerative disease.

In the sections that follow, | first present a theoretical account of thecemmobdulated
startle response that describes its psychological and clinical sagaé. Next, | review the
characteristics of the basic startle response, focusing on its eicjtaghavioral profile, and
neuroanatomy. Then | review the limited literature on the neural systetmsdtialate the basic
startle. Finally, | present the rationale for using lesion patients aslel no examine (a) brain-
behavior relationships and (b) real-world functional impairment, along with aptestiof the
patients studied in the present research.

Psychological and Clinical Significance of the Emotion Modulated Startle

The basis of the emotion modulated startle pattern has been explained using iedaheoret
model that organizes emotional experience into two basic and opposing motivatiteraksys
(Lang, 1995). According to this model, emotions are conceptualized as action testiztciae
fundamentally rooted in an aversive or appetitive motivational system. Tistemsyare
thought to have evolved to mediate the organism’s transactions with environmenihlteat
threaten or promote survival (Lang et al., 1990). The aversive motivationainsgsolved to
respond to stimuli that signal threat; its general goal is to facilittitnadhat remove the
organism from potential harm. The appetitive motivational system evolvesporne to stimuli
that signal reward or opportunities; its general goal is to facilitdters that move the organism
toward a desired stimulus. Each of these motivational systems is linkedsnothn set of action
programs, associations, and mental representations, which have greater checessadrad
greater strength of activation when that system is engaged. Consequkatiyone system is
engaged, associations linked to the non-engaged system have a lesser claess aha
reduced strength of activation (Lang, 1995). Thus, an individual who is in an unpleasant
emotional state, and aversively motivated, will respond with greater likeldnoddtrength to
other aversive cues, like a startle probe, because processing resmigrggaged in noticing
and responding to aversive events. On the other hand, an individual who is in a positive
emotional state, and appetitively motivated, will respond with reduced likelihood angtistre
an aversive cue, like a startle probe, because processing resourregaged in orienting the
individual toward a desirable event.

These modulatory responses are thought to reflect simple “motivationahg@timi
phenomena that proceed without placing demands on high-level control procesdles/(Bra
Cuthbert, & Lang, 1999). Once the emotional stimulus is appraised, modulation oftlee sta
response occurs automatically. Examples of motivational priming are ubiginteusryday life
(e.g., Bargh, Gollwitzer, Lee-Chai, Barndollar & Troetschel, 2001).dddemotions are
commonly viewed as playing an important role in coloring people’s thoughts, pensgjgind
actions. It has been argued that the emotional modulated startleergptd® most fundamental,
and primitive, form of motivational priming (Lang, 1995).



Consistent with the “motivational priming” account, emotional stimuli that mhiosctly
activate aversive and appetitive systems, respectively, aregdbsseiated with the greatest
modulation of startle responding. For instance, startle responding is most robhdsiiably
potentiated in the context of threatening animal and human stimuli thafedidiil and aversive
states, and it is most robustly attenuated in the context of erotic stintuglitiapositive and
appetitive states (Bradley et al., 2001; Gard, Gard, Mehta, Kring, & P&€iok). Studies
examining startle modulation in the context of emotional stimuli that do notyckraghge the
aversive or appetitive system have yielded less consistent modulafmrpses. For instance,
mutilated victim stimuli, which are often employed in startle stublgezsuse they are rated as
highly negative and highly arousing, may produce a range of emotional respofiem disgust,
to fear, to compassion — and subsequently tap into either the aversive (for feaust) disg
appetitive (for compassion) system. Studies employing these stimulfdwat both startle-
potentiation and attenuation (see Grillon & Baas, 2003 for a review). Simpaditive stimuli
that are less arousing or motivationally salient (e.g. pleasant nataesysbave yielded less
robust attenuation of the startle (Bradley et al., 2001).

Individual differences in motivational system sensitivity also moderatedhese of
startle modulation. A number of studies in nonclinical samples have demonstrated that
individuals high on personality dimensions related to fear/threat senssinagty enhanced
negative-potentiation of the startle (Cook, Hawk, Davis, & Stevenson, 1991; Grillon,, Ameli
Foot, & Davis, 1993; Corr, Wilson, Fotiadou, & Kumari, 1995). Complementary findings have
been found in the clinical literature. Pathological fear in phobic patients easbsociated with
enhanced negative-potentiation of the startle (e.g., Hamm, Cuthbert, Globiselit],&4997).

On the other hand, pathologidatk of fearin psychopathy has been associated with a lack of
negative-potentiation of the startle (e.g., Patrick, Bradley, & Lang, 1993).Hrphobic
participants and individuals with psychopathic traits, altered startle mmduisispecific to
threatening stimuli. Positive stimuli produce comparable levels of stdirtleuation among both
of these groups as they do among controls (Hamm et al., 1997; Patrick et al., 1993).

The relationship between individual differences in appetitive motivation setysitnd
inhibition of the startle has been studied less extensively. Only one study in a nahsample
directly tested whether individual differences in appetitive systesitsaty were associated
with enhanced positive-attenuation of the startle. Hawk & Kowmas (2003) found thedtsubj
high on a personality trait related to reward responsiveness showed enhanoes posi
attenuation relative to controls. Reward responsiveness was unrelated teerpgiantiation.

In summary, these studies indicate that the emotion modulated startle probes the
sensitivity of motivational systems governing responses to threaterdngwaarding emotional
stimuli. Furthermore, these studies indicate that individual differences imagn
threatening and rewarding stimsklectivelymoderate the degree of startle-potentiation and
attenuation, respectively. This last point suggests that the aversive antivepggstems driving
the emotion modulated startle are dissociable and have differing neuroa@htsubstrates.
Before turning to an examination of the neuroanatomical systems that tedtielgrimary
startle reflex, however, it is important to lay the foundation for such an anfitgsby
describing the systems involved in the elicitation of the startle rgflelf.



Startle Elicitation

Studies of human startle reflex modification have generally examineddbstiacstartle
reflex. The acoustic startle reflex is reliably elicited by br&Qms), intense (>90dB) sounds
with near instantaneous rise times. Early research on human stagtiedieg) used a
particularly aversive (>110dB) stimulus to elicit the prototypical witaldy startle. This
response was originally characterized in the pioneering work of Landiswantd1939) using a
pistol shot and frame-by-frame analyses of high-speed motion pictures. €hé&fied a
sequence of stereotyped behaviors consisting of an immediate eyeblinletbligva series of
protective movements to withdraw the head, neck, and torso from danger. Latethrased a
less noxious, lower intensity stimulus (90-105 dB) that, while insufficient to erthag
prototypical whole-body response, was of strong enough intensity to elicitebhiengyreflex:
the fastest and most reliable element of the whole-body startle sequengeRLtadley &
Cuthbert, 1990). Compared to the high intensity acoustic startle stimulus, the lowsitynte
stimulus is less disruptive of ongoing behavior, is less likely to produa®adaey aversive
reaction, and demonstrates more rapid recovery. Though the eyeblink responsgdsabit
quickly at short inter-stimulus intervals, it can dishabituate quickly, allofangepeated
presentations in a relatively brief experimental session (as many=sptObes within a thirty
minute session) (Lang & Bradley, 1990). As such, it has proved useful in repesdsdres
designs, such as the emotion modulated startle, where startle probessanteat several times,
under varying conditions.

Neuroanatomy of the Acoustic Eyeblink Reflex

The neuroanatomical basis of the acoustic startle reflex has been watitehiaed. The
startle response originates at the level of the brain stem. Therdyedflex, specifically,
involves contraction of the obicularis oculi, a set of muscle fibers that enttieckeye. The
obicularis oculi is innervated by the facial nerve, which emanates froradia finotor nucleus
located at the pontine level of the brain stem (Berg & Balaban, 1999). In rodentsuaticac
startle stimulus activates this brain stem nucleus via a simple thregeseypathway from (1)
cochlear root neurons in the auditory canal onto (2) neurons in the nucleus retomnéss
caudalis of the brain stem (believed to be the primary sensorimotor interfdizingethe
startle), onto the (3) motoneurons in the facial motor nucleus (Davis et al., 1982; Ddkes, Wa
& Lee, 1999). Selective ablations at any point along this pathway compételgate the startle
response (see Dauvis et al., 1999, for a review). In humans, there is some debate about the
intermediary connections that relay sensory input from the cochlear root neuronsftertéra
neurons in the facial motor nucleus of the brainstem (Berg & Balaban, 1999). Hptheve
critical role of the brainstem in the human startle eyeblink has been dertemhstrpatients with
neurodegenerative diseases. For example, the acoustic startle resdyssni in patients with
progressive supranuclear palsy, who display early atrophy in the nucleutaretipontis
caudalis of the brain stem (Gironell et al., 2003).

Neuroanatomy of the Systems Modulating the Startle Response

Although the circuitry involved in the expression of the startle responselis wel
understood, the neural systems tnatdulateits expression are only partially understood. There
is convincing evidence, however, that negative-potentiation of the startle respavises the
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amygdala, a brain region that plays a well-established role in the pragess$hreat and the
modulation of attention towards motivationally salient stimuli (see PBelgDoux, 2005, for a
review). Three lines of evidence from the animal literature in rodents supgartal role for
the amygdala in enhancing responding to the defensive startle. Firsexistrdirect
monosynaptic connections between the output nucleus in the amygdala and the netobeilam
the brain stem. Second, direct stimulation of the amygdala’s output nucleus dirdethces
the startle response. Third, selective ablation of this nucleus elimgtatds-potentiation in
threatening contexts (see Davis et al., 1999; Lang, 1995 for a review).

Only recently have these findings been translated to humans using lesiors patient
(Angrilli, Mauri, Palomba, Flor, Birbaumer et al., 1996; Funayama, Grillon, Cka#belps,
2001; Buchanan, Tranel & Adolphs, 2004). Direct evidence for a critical role of ygdata in
human startle modulation has only been examined in one case study, which found impaired
negative-potentiation in a lesion patient with damage primarily lochirzéhe right-amygdala
(Angrilli et al., 1996). This study did not assess positive-attenuation of ttle dt@wever,
leaving unanswered the question of the specificity of the amygdala in negeatirgiation. Two
studies examined the emotion modulated startle response in a sample of pattetetsiporal
lobe lesions, which included the amygdala. One study found impaired negative-potentiati
following right- but not left-temporal lobe lesions (Funayama et al., 2001), véhanesher
found deficits following right, left, and bilateral temporal lobectomies fBnan et al., 2004).
Notably, in each of these studies, temporal lobe damage selectivelgradarfith negative-
potentiation while leaving positive-attenuation intact. These studies providessuggbut
indirect, evidence for a role of the amygdala in negative-potentiation in humtarsstingly,
each of these lesion studies, including the one case study, implicates tiemggthere in
negative-potentiation, whereas the role of the left hemisphere in negat@rdigiion has been
demonstrated less reliably (see Buchanan et al, 2004 for a positive fiRdimayama et al.,
2001 for a negative finding). Overall, evidence for the critical role of the amygdalsman
negative-potentiation would be strengthened by a study that (1) directlyfigulbatnygdala loss
in a sample of lesion patients and related it to both negative-potentiation amcepaisgnuation
and (2) examined neural loss in other regions to demonstrate that the relaticenkeatwegdala
damage and negative-potentiation was specific to amygdala loss.

The brain regions mediating the positive-attenuated startle have beed &tadie
extensively. In one rodent study, ablation of the nucleus accumbens, a brain regiordimvolve
reward processing and appetitive behavior, selectively blocked the podiéinaadéed startle
while leaving negative-potentiation of the startle response intact (Kobhmi&& Schnitzler,
1996). Like the amygdala, the nucleus accumbens has direct projections onto the nucleus
reticularis pontis caudalis, the brainstem nucleus that is centrally involvkd initiation of the
startle response (Koch et al., 1996), indicating that it is well-situatewdulate startle
responding. However, because selective damage of the nucleus accumbens furaens, no
study has examined the role of this structure in the emotion modulated stagla bsman
sample.

It is assumed that subcortical regions that process threat and rewards sueh a
amygdala and nucleus accumbens, are directly involved in the modulation of brain stem-
mediated reflex behavior. However, both the amygdala and nucleus accumbens are involved i
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larger neural networks that may play indirect roles in startle maookldtrough their
connections with these structures. One candidate region for such an indireatorgdole is
the orbitofrontal cortex (OFC). The OFC is intimately connected with bothmiggdala and the
nucleus accumbens (Kringelbach & Rolls, 2004). Like these regions, the OFC ph#g/sna
assigning significance to incoming stimuli. However, unlike the amygdala afelsuc
accumbens, neurons in the OFC adjust their responding as contingenciesuinisst
reinforcement values change (Rolls, 2000). Thus, whereas the amygdala and mmecleleas
are involved in simple threat/reward appraisals, the OFC appears-toifia these appraisals in
a flexible, context-sensitive way.

Damage to the OFC results in a number of behavioral impairments suggestiveedf alte
motivational processing including social disinhibition, impulsivity, euphoria, and leiaijyeg
(especially for sweets) (Viskontas, Possin, & Miller, 2007). This behavioralgsofggests that
patients with OFC damage may be particularly sensitive to appetitive istamdlrelatively
insensitive to aversive stimuli. Although research has shown that OFC padietdsibe
emotional reactions to guide their behavior (Bechara, Damasio & Damasio, 20@0jsingly
limited research has comprehensively assessed the integrity of theagspeeactions to
emotional/motivational stimuli. Most of this work has been conducted on aversivei stind
the results have been equivocal. Laboratory tasks indicate that physiotegmahding to
aversive stimuli is either intact (for loud noises: Roberts et al., 2004; flanfaanel, &

Damasio, 1990), enhanced (for loud noises and wrist-shock: Rule, Shimamura, & Knight, 2002)
or slightly diminished (for monetary losses: Bechara, Tranel, Dam@agdamasio, 1996).

However, given the role of the OFC in appraising the motivational significgrstenuli and the
observation of motivational deficits in OFC patients, it seems reasonableRGadanage might
alter responding on the emotion modulated startle.

The role of the OFC in the emotion modulated startle has not been examined.directly
However, two human lesion studies have examined the emotion modulated startle ia patient
with traumatic brain injury, which often impacts the OFC. One study of fragiaiis due to
traumatic brain injury or ischemic stroke found disrupted positive-attenuation aedvecks
negative-potentiation of the startle response (Sanchez-Navarro, Martinaz&BRoman,

2005). However, another study of patients with traumatic brain injury found the oppotste pat
of results — preserved positive-attenuation and impaired negative-potentiation (Saunde
McDonald, & Richardson, 2006). The lesion locations both within and across these studies we
diverse, impacting cortical and subcortical structures extending beyondr@ar@l including
patients with both left- and right-sided injuries. The study that found impaired peositive
attenuation included patients with lesions that, in some cases, impacted pescessing

regions in the basal ganglia (Sanchez-Navarro et al., 2005). Thus, this ssudpatble to rule
out the possibility that impaired positive-attenuation was due to damage externttiagtleus
accumbens. On the other hand, the study finding intact positive-attenuation Igrintéuded
patients with frontal and/or temporal lobe lesion locations (Saunders20G8), Intact positive-
attenuation in this sample is consistent with descriptions of preserved, and inasase c
enhanced reward processing in patients with OFC damage, whereas impgatecne
potentiation is consistent with prior findings of impaired negative-potentiatitowioly lesions

of the temporal lobe (Angrilli et al., 1996; Funayama et al., 2001; Buchanan et al., 2004).
Though these studies did not examine the role of specific neural regions in ti@emot
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modulated startle, they do suggest that damage to fronto-temporal andstoatal circuitry
interferes with normal startle modulation. To date, no study has examined the independent
contributions of frontal and subcortical neural injury to the emotion modulatee stsplonse.

Summary of neural regions implicated in the emotion modulated startle

The most consistently implicated brain region in the emotion modulated stalnie is t
amygdala. Animal and human lesion studies converge to implicate this region in ttieerega
potentiation of the startle response. However, direct evidence for the roleaphyigeala in
humans has only been demonstrated in one case study, and even in that patient, damage was not
entirely confined to the amygdala. The role of the temporal lobes, more broasllyedn
established in two studies that examined groups of lesion patients, but neither efutiese
was able to establish a direct link between the amygdala and negative-potentidtestaftte.

Less is known about the neural regions underlying the positive-attenuatkd start
response. Although one animal study has implicated the nucleus accumbens,icgnverg
evidence from humans has not been examined. Anatomically, the amygdala and nucleus
accumbens are well-situated to modulate startle responding directhclasfehese regions has
direct projections to the central brain stem nucleus that mediates the retspthnse. However,
other neural regions that are intimately connected with the amygdala andsramt@mbens
may indirectly modulate this circuitry. The OFC is a strong candidatufdr a role.
Anatomically, the OFC receives projections from both the amygdala and nactusbens,
and electrophysiological studies indicate that OFC neurons are responsive to Ipoittghang
and rewarding consequences of stimuli. In addition, clinical evidence sudgdsiamage to the
OFC results in deficits indicative of altered motivational procesdimogigh the bases for these
deficits remains unclear. Though no study has directly examined the role of@hia @ie
emotion modulated startle, two studies of patients with traumatic brain inpwhesh often
impact the OFC, found impairments, suggesting a possible role for the OFC gsfiuase.

A final question raised by the studies summarized here, is whether thesymmetric
contributions of the hemispheres to the emotion modulated startle. The studies destmwve
suggest that some aspects of the emotion-modulated startle may be&tersdross the studies
that examined the role of the brain regions in negative-potentiation of the stgrtase, the
right hemisphere was implicated most consistently. However, no study hamedahe relative
contributions of right and left hemisphere structures in the positive-atiemaéthe startle.
Laterality in emotion processing is an ongoing debate in the neuroscietdrature. Two
competing hypotheses have been offered regarding the organization of emotion imth@rai
the “right hemisphere hypothesis”, which argues that the right hemisghaeferentially
involved in emotion processing (Borod, 1992), and (2) the “valence hypothesis”, whies arg
that the motivational component of emotion, specifically, is differentigiyeseented in each
hemisphere — particularly at the level of the frontal cortex (Davidson, 1984). Stiidesting
frontal asymmetries, using EEG, have found greater relative left lfiarttaations in the context
of positive/appetitive motivational states and greater relative right fractisations in the
context of negative/aversive motivational states (Davidson, 1984; 2000). Becauseliaii@ds
to cortical measurements, however, it unknown whether these asymmetias texsubcortical
aspects of the motivational systems associated with these corticatian patterns.
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The Present Study

The present study aims to increase our understanding of the neural systemsl iimvolve
the emotion modulated startle in humans by examining the contributions of the subandica
cortical structures reviewed here as well as the roles of right-viefsiemispheres in the
emotion modulated startle.

Neurodegenerative Disease as a Model for Studying Emotion

Studies examining the neural bases of human emotion have used two general approaches.
In one approach, functional imaging is used with neurologically intact voluritelantify the
neural systems activated in response to emotional tasks. In a second appré@ahampee on
emotional tasks is examined in patients with brain damage. Whereas funictiageig
approaches are useful for identifying the neural systems thattese éduring a given behavior,
complementary data from lesion approaches, using patients with eitheorfedgdespread
neural pathology, are necessary for identifying which regions in tlystenss are critically
involved (i.e., for establishing “necessity”). In general, researcmptieg to identify the neural
regions critically involved in emotion is strengthened when the sample empiojedds
patients with varying lesion locations. Importantly, the effect of a giva@arieon a behavior of
interest may be due to the direct effect of the lesion or it may be due to tleetiediect of the
lesion on processing in another structure with which it is functionally cortheSteidies of
patients with focal brain lesions can be limited by the range and type of leSemtgpthat are
feasible to acquire. Neurodegenerative diseases, on the other hand, tend to be more nodmmon a
they tend to impact entire neural systems selectively (Seeley etQl), 2doreover, the degree
to which degenerative processes affect the integrity of specifittes within these systems is
often variable. Thus, the substantial variation both within and across neural regiodsrf
patients with neurodegenerative diseases offers a convenient way to stuelgtihe r
contributions of a range of neural regions to a given behavior within a limitgqaesafpatients.
In the present study | examine patients with two types of neurodegeneliagase:
frontotemporal lobar degeneration (FTLD) and Alzheimer’s disease (Ai2)n€&uropathology
associated with these conditions has been implicated in emotion to varyingsgagrethe
disorders capture a range of socio-emotional deficits.

FTLD and AD are both common causes of dementia, occurring at approximately equal
rates in individuals under the age of sixty (Ratnavalli et al., 2002). FTLD ¢teised increased
visibility in the past several years as a neurological condition that magerogights into our
understanding of human emotion (Levenson & Miller, 2007). Unlike AD, a diseasergeasta
memory and results in profound cognitive decline, the core features of FTludersncial and
emotional deficits that spare basic cognitive abilities in the initigestaf the disease. FTLD
selectively atrophies anterior regions of the brain involved in emotion and socie$sngy;
including the frontal lobes, temporal lobes and amygdala. These are the same tteqfi have
been implicated in the emotion modulated startle. Furthermore, the degree to whaale giass
are impacted in the disease is variable. FTLD is a heterogeneous sytigabsunsists of three
neuropathologically and clinically distinct subtypes (Neary et al., 1998).dteomporal
dementia (FTD) is the most common subtype, which is characterized predsyninyabilateral
frontal disease that spreads subcortically as the disease progressaséRal., 2002). Semantic
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dementia (SD) is characterized by asymmetric atrophy (primafthor right-sided) that begins
subcortically in the amygdala and anterior temporal regions and later sfirdemgal regions
(Neary et al., 1998, Rosen et al., 2002). Progressive non-fluent aphasia (PNFAstthe le
common subtype, is characterized by left-sided atrophy in frontotempom@hsegiukui &
Keretsz, 2000). The neuroanatomic variation in this disease makes it ide@ityfeuithe study
of the relative roles of cortical and subcortical regions, as well agdeftis-right hemispheres,
in the emotion modulated startle. AD, on the other hand, tends to affect posterior haaia reg
involved in memory, language, and visuospatial navigation (e.g., medial temporal aral pariet
lobes; Braak & Braak, 1995). Though the neural systems impacted by AD have not been
implicated in the emotion modulated startle, inclusion of this diagnosis offers theurpiyox
examine whether neural atrophy in “non-emotional” brain systems coesibutlysfunction in
the emotion modulated startle.

In addition to capturing a range of neuroanatomic variation, neurodegenerstisisedi
cause a range of behavioral impairments, which are particularly burdensoraesigivers
(Ascher, Sturm, Seider, Holley, Miller & Levenson, in press). Behavioratitieiin FTLD are
core features of the disease, and include a number of socio-emotional problems suc
emotional blunting, loss of empathy, social disinhibition, euphoria, and compulsive behaviors
(Neary et al., 1998). Though behavioral problems tend to emerge later in the course of AD
agitation and anxiety are often present. One question that has not yet beesedddressearch
employing the emotion modulated startle paradigm is how or whether alteiatibessimple
motivational priming response assessed on this laboratory task translataio&drelevant
behavioral problems seen in everyday life. Such an analysis would provide impoiginsins
into the down-stream consequences of this simple process for complexasdoghotional
functioning.

Summary of the Current Study

The primary aim of this study was to elucidate the neural regions involvedemibtéon
modulated startle by examining the contributions of clearly defined bramnsegvhich are
atrophied in neurodegenerative diseases, to variations in startle modulaiemtsReth FTLD
were the primary focus of study, because their neurodegeneratios tasyetgions of interest
in this study. A smaller number of AD patients was included to conduct pmaliynanalyses
related to the generalizability of the findings. The patients in thdystlso displayed variable
degrees of real-world behavioral problems. The secondary aim of the stsidy @amine
whether variations in startle modulation are associated with ratings of aadiamotional
maladjustment observed in patients’ everyday lives.

Hypotheses
Hypothesis 1: Task Validation (controls only)

The magnitude of participants’ startle eyeblink responses will vary systaityaas a function
of emotion condition: negative > neutral > positive. Startle eyeblink magnitudeendirgest

when participants are viewing threatening picture stimuli (negativevpaten) and smallest
when participants are viewing positive picture stimuli (positive-attenuation)



Rationale A number of prior studies have demonstrated this pattern of startle modulation
during affective states (see Lang, 1995; 1998, for reviews). Establishitygpites

modulation pattern for control subjects in the current study will provide validation of the
task design and stimulus selection for the older adults presently under study.

Neural correlates of the emotion modulated startle (patients only)
Hypothesis 2: Amygdala

2a. Amygdala volume will be negatively correlated with negative-potentiation of the
startle response. Patients with smaller amygdala volumes will digsieyegative-
potentiation. This association will remain significant after controllingrfyacranial
volume (total head size), disease severity (assessed with the Cliemnahiba Rating
scale (CDR)), age, and years of education.

Rationale There is an extensive animal literature demonstrating that the armygdal
is critical for the fear-potentiated startle in rodents (Davis et al., 1999)nhautns,

one previous case study, using a lesion patient with atrophy primarily confined to
the right amygdala, found impaired negative-potentiation of the startle response
(Angrilli et al., 1996).

2b. The role of the amygdala in the emotion modulated startle will be specific to
negative-potentiation. There will be no association between amygdala valdme a
positive-attenuation.

Rationale Negative-potentiation and positive-attenuation of the startle are
theoretically driven by separate motivational systems with distinct
neuroanatomical bases (e.g. Lang, 1995). Prior research has indicated that
negative-potentiation, but not positive-attenuation, is impaired in lesion patients
who have damage to the temporal lobes (Funayama et al., 2001; Buchanan et al.,
2004).

2c. The association between the amygdala and negative-potentiation will be fgreate
the right-amygdala than it will be for the left-amygdala.

Rationale Some researchers have suggested that the right hemisphere
preferentially processes emotion (Borod et al., 2009), whereas other researche
have suggested that the right hemisphere is specialized for the processing of
negative emotions (Heller, 1990), particularly for the motivational tendencies
associated with negative emotions (Davidson, 2004). Both of these viewpoints
support a greater role for the right hemisphere in negative-potentiation of the
startle. Right-sided lesions in the temporal lobe or amygdala have beblyrelia
associated with impaired negative potentiation of the startle (Angrilli, &i996;
Funayama et al., 2001; Buchanan et al., 2004). Patients with left-sided lesions
have only been assessed in two of these study, with one study finding no deficits
(Funayama et al., 2001) and another finding deficits (Buchanan et al, 2004).
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2d. The amygdala, but not the anterior temporal pole, will be associated with negative-
potentiation.

Rationale Previous studies that have examined the role of the human amygdala in
negative-potentiation have used lesion patients whose damage extended beyond
the amygdala (Angrilli et al., 1996; Funayama et al., 2001; Buchanan et al., 2004).
These studies were unable to determine whether other regions in the temporal
lobe, which are also involved in emotion processing, contributed to the
impairment observed in negative-potentiation. The current study assess#s the r
of the anterior temporal pole in the emotion modulated startle. This region is
involved in emotion processing, it is intimately connected with the amygdala, and
it is often impacted among the patients under study. However, the anterior
temporal pole appears to play a more complex, down-stream role in emotion
processing than does the amygdala (Olson, Plotzker, & Ezzyat, 2007), and, thus, it
is not expected to be involved in this simple defensive priming response.

Hypothesis 3: Nucleus Accumbens

3a. Patients with smaller nucleus accumbens volumes will display less positive
attenuation of the startle. This association will remain significant edtarolling for
intracranial volume (total head size), disease severity (assessed WitbR)eage, and
years of education.

Rationale The nucleus accumbens is involved in reward processing and
appetitive motivation, and it directly synapses onto the brain stem nucleus that
mediates the startle response. One animal study has shown that ablation of the
nucleus accumbens disrupts positive-attenuation of the startle in the context of a
conditioned cue for reward (Koch et al., 1996). However, the role of this region
has not been explored in human lesion studies due to the rarity of isolated lesions
to this region.

3b. The role of the nucleus accumbens in the emotion modulated startle will be $pecific
positive-attenuation. There will be no association between the nucleus accumibens a
negative-potentiation.

Rationale Though positive-attenuation of the startle was disrupted in nucleus
accumbens-lesioned rodents, Koch et al. (1996) found that the fear-potentiated
startle remained intact.

3c. Exploration of competing hypotheses: laterality:

1. Right hemisphere hypothesis: The association between the nucleus accumbens
and positive-attenuation will be greater for the right-nucleus accumbens

2. Valence hypothesis: The association between the nucleus accumbens and
positive-attenuation will be greater for the left-nucleus accumbens.
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Rationale Laterality in the positive-attenuation of the startle response has not
been examined in previous studies. Evidence for the valence hypothesis largely
comes from the EEG asymmetry literature, which implicates thbdefisphere

in motivational processing associated with positive emotions (Davidson, 2004).
However, these findings are related to asymmetries in the frontal lolzsidge
EEG is unable to probe activation associated with subcortical structures, it is
unclear whether these asymmetries extend to the subcortical aspletseof t
motivational systems.

Hypothesis 4: Orbitofrontal Cortex

4a. Patients with smaller OFC volumes will display enhanced positivasatiemn of the
startle response. This association will remain significant after cbhngyébr intracranial
volume (total head size), disease severity (assessed with the CDR),cageanof
education.

Rationale Enhanced positive-attenuation is presumably related to enhanced
sensitivity of the appetitive motivational system. Clinically, damagbé OFC is
associated with social disinhibition, euphoria, and impulsive behavior—deficits
which are suggestive of increased sensitivity to appetitive stimuli.

4b. The association between the OFC and positive-attenuation will be greaterdédir the
than for the right-OFC.

Rationale Research suggests that the motivational processing associated with
emotions is lateralized at the level of the frontal lobes, and that left-fregiahs
are specialized for positive/appetitive motivational processing (Davidson, 2004).

4c. Exploratory: OFC and negative-potentiation.

Disinhibited behaviors following OFC damage may also be indicative of reduced
sensitivity of the aversive-motivational system. This would suggest thaivesgat
potentiation would be diminished following OFC damage. However, research
findings suggest that OFC patients’ responses to aversive stimuli arardiloer
(Roberts et al., 2004; Damasio et al., 2000) or enhanced (Rule, Shimamura, &
Knight, 2002). These findings would suggest that negative-potentiation would
either be intact or enhanced following OFC damage.

4d. Within the frontal lobes, only the OFC will be associated with the emotion matlulate
startle.

Rationale Although no prior study has specifically examined the role of the OFC
in the emotion modulated startle, two studies have examined the emotion
modulated startle in patients with traumatic brain injury (TBI) and found
impairments. TBI results in heterogeneous lesions that often include the OFC, but
can also affect other regions of the frontal lobes as well as subcortical regions
The current study assesses the role of the dorsolateral prefrontal cdrRIxGP

in the emotion modulated startle. Like the OFC, this region of the frontal gsrtex
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involved in motivated processing. However, the DLPFC is involved in high-level
control of cognitive processing (e.g., working memory), and, thus, it is not
expected to be involved in the simple defensive priming response presently under
study.

Behavioral correlates of the emotion modulated startle (patients only)

Hypothesis 5: Real world behavioral problems will be assessed using inforrsadtratings
from the Neuropsychiatric Inventory (NPI).

1. Behaviors expected to be related to variability in the emotion modulated staptase
are: anxiety, disinhibition, euphoria, and eating behaviors. Specificallytiveega
potentiation is expected to be correlated with anxiety, and positive-attenuation is
expected to be correlated with disinhibition, euphoria, and eating behaviors.

Rationale Negative-potentiation is theoretically a measure of aversive
motivational system sensitivity. Individuals who are more sensitive toiegers

cues should display higher levels of anxious behavior in their day-to-day lives.
Positive-attenuation is theoretically a measure of appetitive systesitigity
Individuals who are more sensitive to cues for reward should display higher levels
of disinhibition, euphoria, and problematic eating behavior.

Method
Participants

Patients were recruited from the Memory and Aging Clinic at the Uniyearsit
California, San Francisco (UCSF). Controls were recruited through aéveetigs in the
community. The study was approved by the University of California, Berkeley \UCB
Committee for the Protection of Human Subjects and the UCSF and San Francisansveter
Affairs Medical Center (SFVAMC) Committee on Human Research. Wnittrmed consent
was obtained from all participants as well as from each patient’s spouseiocategiver. All
patients underwent neuroimaging and medical, neurological and neuropsychoésginglat
UCSF and SFVAMC, and were then scheduled for a day-long testing sessierBatkeley
Psychophysiology Laboratory at UCB.

Twenty-three patients were included in the study. Of these, 18 were diagndsed wit
FTLD (12 with frontotemporal dementia, 5 with semantic dementia, 2 with progregsiasia)
and 5 were diagnosed with possible or probable AD. FTLD patients were sampled mdye heavi
as the neuroanatomical and behavioral variation in these patients was of pnterast ifor the
brain and behavior questions of this study. A smaller number of AD patients was dnidude
conduct preliminary analyses related to the generalizability of thenfiedDiagnoses for the
FTLD and AD patients were made by an attending neurologist at UCSF usindnpdbksearch
criteria (Neary et al., 1998; McKhann et al., 1984). The control group consisted of 14
participants who were free of psychiatric and neurological impairment.
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Participants were paid $30 for participating in the 6-hour experiment.

Sample Demographics

Age. The mean age of the participants in the FTLD group was 64.8 years (standard
deviation (SD) = 6.1), the mean age of participants in the AD group was 60 years (SPan®.4)
the mean age of participants in the control group was 65 years (SD = 12.4). The groups did not
differ significantly in ageR (3, 33) =.63n.s.).

Sex Seventy-two percent of the FTLD patients were male, 80% of the AD patiengts we
male, and 43% of controls were male. The groups did not differ significantly cosgxosition
G (3, N=37)=3.7,n.s.).

Education The mean number of years of education completed was 15.0 years (SD = 3.4)
in the FTLD group, 15.4 years in the AD group (SD = 3.5), and 18.3 years in the control group
(SD = 2.0). Years of education differed significantly among the grdug3, 33) = 5.2p < .05).
Controls were significantly more educated than both FTE2( 29) = 9.4p < .01) and AD
patients F (2, 16) = 4.9p < .05). Education was included as a covariate in the analyses
examining neuroanatomical correlates.

Clinical Characteristics of the Sample

Mini-Mental State Examination (MMSE¥eneral cognitive status was assessed with the
MMSE (Folstein, Folstein, & McHugh, 1975). The MMSE is a brief measure thasassa
number of domains of cognitive functioning including orientation, memory, attention,
visuospatial processing, and language. Scores range from 0 to 30, with lowsiirsdiceding
greater cognitive impairment. The mean score for FTLD patients was3.8 §.6), which is
in the mild range of impairment. The mean score for the AD patients was 18.812R which
is in the moderate range of impairment. Controls scored near ceiling, witlg@se@es of 29.5
(SD =.7). The level of impairment found in the patient groups is typical of these popsiati
AD patients generally display lower MMSE scores due to the great@ncelof MMSE scores
on memory and language, which are relatively spared early in the course of(Kiidtber et al.,
2003). The groups differed significantly on this measEré( 34) = 10.4p <. 001), with
controls scoring higher than both FTLD patiefgZ, 29) = 5.5p < .01) and AD patient$=((2,

16) = 10.7p <. 001). The difference between FTLD and AD patients approached significance
(F (2, 20) = 2.9p = .10). For the reason indicated in the section below, we controlled for
Clinical Dementia Rating, rather than MMSE, as an indicator of diseaség@véne analyses
examining neuroanatomical correlates.

Clinical Dementia Rating (CDRY.he CDR (Morris, 1997) is an informant-based semi-
structured interview that assesses functional impairment on six domaing/cawities:
memory, orientation, judgment and problem solving, community affairs, home and hobbies, and
personal care. It has been suggested that the CDR is a better indicateasé disverity across
dementia types than is the MMSE, due its lesser emphasis on memory (e.g. Rosaez N
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Hallam, Kramer, Wyss-Coray et al., 2004). The CDR was administered to patemgivers,
and total scores on each of the domains were summed (“sum of box scores”) to provide an
overall estimate of disease severity (greater scores indicatedrgiisg@ase severity). The mean
severity rating was 6.2 (SD = 4.4) for FTLD patients and 4.2 (SD = 1.9) for ABnpatiThe
patient groups did not differ significantly in disease seveFt{2( 29) = .97, n.s.).

General Laboratory Procedure

Upon arrival to the laboratory, participants were given a brief overview eéshiag
procedures and were asked to read and sign consent forms explaining the tas&y tiraxtet to
complete. Participants were then seated in a comfortable chair in a 3 x 6m room, and
physiological sensors, used to measure cardiovascular activation and skin @oceluctere
attached. A video camera opposite the participant chair recorded particigaiatdehavior
continuously throughout the testing session. Participants were informed thatesegpieo
consent forms would be administered to them at the end of the day so that they coeld decid
upon future uses of their videotapes (e.g., for research and/or educational purposes)
comprehensive battery of emotion tasks — including those assessing emodotiztye
emotional understanding, social interaction, and various types of emotion imyg(ilavenson,
Ascher, Goodkind, McCarthy, Sturm et al., 2008) — was completed over the course of a 6-hour
testing session that included a one-hour break for lunch. When participants retomméshirh,
physiological sensors were reattached (with the addition of eleabgrayyhy sensors for the
emotion modulated startle task). The emotion modulated startle task wasqutesenediately
following the lunch break.

Neuroimaging data were acquired at the SFVAMC within 3 months before ottefter
assessment for patients and within 1 year before or after the assessroentrols.

Measures and Design
Emotion modulated startle task

Negative-potentiation and positive-attenuation of the startle responsesgmssed with
the emotion modulated startle task. Participants were fitted with headphones, and
electromyography (EMG) sensors were attached below the lefteg®€tow). Participants
were instructed that they would be viewing a series of emotionally evostes and that they
would periodically hear noises over the headphones. They were instructed to gimopdythe
sounds. In order to ensure comprehension of the task, several practice triaddweistered
prior to the start of the actual task. Following the practice trials, a £éi8esandomly spaced
startle probes was delivered over the headphones to allow startle responding toehdhieua
task took 22 minutes to complete.

EMG sensor placementhe startle eyeblink response was measured by recording
electromyographic (EMG) activity from the obicularis oculi muscle bdlmMeft eye. Two
miniature Ag/AgCI surface electrodes filled with Signa electrolggl were placed along the
obicularis oculi in accordance with the placement guidelines recommendddrbgnthal et al.
(2005). Prior to electrode placement, the skin was cleansed with alcohol anddiyhtigd
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using NuPrep, a grainy exfoliant gel. Skin preparation was repeated untlangee measured
using a Radio Shack multimeter, was below 10kOhms.

Startle ProbeThe acoustic startle probe consisted of a digitally generated, 50-nes whit
noise burst with near-instant rise and fall times. It was amplified byckisleiM54 Headphone
amplifier and delivered over Sennheiser HD-280 Pro headphones at 105dB. A Radio Shack
sound level meter was used to calibrate the intensity of the startle probe piestart of each
testing session.

Slide Stimuli Sixty emotionally evocative images (20 positive, 20 neutral, and 20
negative) were selected from the International Affective PictureeBydAPS) based on
published norms of self-reported ratings of emotional experience and arousalliteth@ sng,
Bradley & Cuthbert, 1999). Slides rated as both high on arousal and emotional valence (positive
versus negative) have been demonstrated to elicit greatest startleaatn (high arousal, high
positive slides) and potentiation (high arousal, high negative slides) of the stgptase
(Bradley et al., 2000). Several considerations influenced the choice of spkddgwithin each
emotion category. First, available normative ratings of self-repoxigetience and arousal to
the slides have been acquired using young adult participants (Lang et al., 19%8)seBec
standard set of slides known to elicit the emotion modulation pattern in older aduiietwas
available, we chose a range of slides within each emotion category ttradwgat would be
most appropriate for eliciting the intended responses among the population unddfatudy.
instance, half of the slides within the positive and negative emotion categorietezbof
human content and half consisted of non-human content. Bradley et al. (2001) posited that
human emotional content elicits greatest modulation of the startle responsestikeaasslides
are the most motivationally salient. Patients with FTLD have been clintedlcribed as
exhibiting decreased interest in social stimuli during the course of the@ig&aowden &
Neary, 1999). Thus, in order to maximize the opportunity for observing emotional modulation of
the startle response, we included both human and non-human arousing content in the emotion
categories. Additional considerations, discussed below, were taken into accdwuasimg slide
contents within each emotion category.

Positive SlidesStudies demonstrating positive-attenuation of the startle response
typically use erotica and action slide contents because slides of thesstsdend to be
rated higher than slides of other contents on dimensions of arousal and positive valence in
young adults. However our experience with dementia patients and older adulstenligge
to us that erotic stimuli may be perceived as offensive and may produce an aversive
rather than the intended positive, reaction among these groups. Researcbsitidatat
older adults derive positive emotion from the pursuit of enriching existing relaitpsns
(Carstensen, Pasupathi, Mayr, & Nesselroade, 2000). Thus, we chose posititealides
depicted happy couples/families, action/adventure, appetizing food, and pleasant
landscapes. Equal numbers of slides were included within each of these categories

Negative SlidesNegative slides were chosen based on normative ratings and use
in past studies. Within the negative valence category, slides includedsimfage
threatening animals, threatening humans, mutilated victims, and contaminatesl. objec
Equal numbers of slides were included within each of these content categbtings.
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the negative valence category, some studies have found differencesemstaitilation

to pure threat (threatening humans and animals) and disgust (victim and oatitzmi
contents (see Grillon & Baas, 2003, for a review). For the purpose of this study, blink
responses to the pure threat contents were the focus of study because (1gatgoret
these contents most directly activate the aversive motivational syBtatidy et al.,
2001), (2) empirically, these contents most reliably elicit negative-patemtiof the
startle (Bradley et al., 2001; Gard et al., 2007; Grillon & Baas, 2003), and (3) the
amygdala is most consistently implicated in threat, as opposed to disgust,ipgcess
(Phelps & LeDoux, 2005).

Neutral SlidesNeutral slides were chosen based on normative ratings and use in
past studies. Neutral slides consisted of household objects. IAPS numbers for slides
chosen in each valence category are listed b&low.

Stimulus presentatioislide stimuli were presented on a 20-inch widescreen LCD
monitor located approximately .5 meters from the participant. The startlofredavas
signaled by a white fixation “x” centered on a black screen for a duration ofdlI&s;eld by
one of the slide stimuli for a duration of 6s.

Stimuli were edited and recorded on Adobe Premier Pro software. The resulting
videotaped stimulus tape was played on a Panasonic VCR located in a room adjaeent to t
participant’s room. Slides were presented in a fixed order to ensure thatatienahcontent of
slides was evenly distributed throughout the task. To prevent carry-over effslitiesfof
particular emotional contents, no more than two slides of the same emotion congeavever
presented sequentially. Startle probes were presented on 80% of the tritsffdine 20 slides
within each emotion category). For trials on which the startle probe occurrgipbsewas
delivered between 2.5s and 5s following the onset of the slide (averaging 3.5s atriats) al
This variability was built in to reduce the effects of habituation to theesfamdbe throughout
the testing procedure. Finally, each trial was separated by a variablgiaitmterval ranging
from 3-5s. Startle probes were presented for one quarter of the trialg theimter-trial
interval, again to reduce the predictability of when the probes would occur.

Physiological recording of startle eyeblink respomdgysiological data were acquired on
two different polygraphs due to system upgrades that took place over the course of data
collection. The majority of participants were tested on a Grass Model 7 polygra@®{rpeor
to upgrading to a BIOPAC polygraph (n = 8). EMG data were simultaneously & @alifd
integrated. The EMG signal was filtered through a 13-1000Hz bandpass filter aftedmpl
The EMG signal was continuously sampled at a rate of 100Hz for 1.5s prior to the ot of e
picture slide and for the entire 6s duration that the slide was displayed (total 7.5s)

The number of participants tested on the Grass and Biopac systems weresCboiol
FTLD: 14/4; AD: 5/0. The groups did not significantly differ from one another in ternieof t

! The following IAPS slides were used: positive @is: 1710, 2070, 2340, 2530, 5000, 5660, 5760),57&30,
5891, 7230,7330, 7350, 7400, 7470, 8034, 8180, 83310, 8490; pure threat contents: 1050, 10700,11200,
1930, 3530, 6230, 6260, 6350, 6510; neutral cost&i02, 7004, 7006, 7009, 7010, 7025, 7030, 70335, 7040,
7041, 7050, 7060, 7080, 7090, 7150, 7175, 72173,72235
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proportion tested on each systerh(@, N = 37) = 1.8, n.s). In order to minimize variability in
data acquired across the two polygraph systems, blink responses scored from rawt&MG da
were normalized to z-scores. Normalized blink responses in each of the emotiomesndit
(negative, neutral, positive) were compared for participants tested on eagfapbl{Grass
versus Biopac) using an Emotion (within: negative, neutral positive) x Polygrapredret
Grass, Biopac) mixed model, repeated measures ANOVA. No difference$ouad in the
pattern of blink responses across the systén(g,(34) = .16, n.s.). Accordingly, data were
pooled across the two polygraph systems.

EMG Data ReductionThe magnitude of the startle eyeblink response (peak minus onset
values) was manually scored across each of the 48 probed trials (16 negative, 16 neutral, 16
positive). Blinks were scored in a 150ms window, 30ms following startle probe onset. Raw
blink magnitudes were z-scored across each individual participant’s treasla®dized blink
scores greater than 3 standard deviations above the participant’'s meaongeatered outliers
and not included in analyses. Within-subject standardized blink scores were averagath for
emotion condition (positive and negative) to create the positive-attenuation scoegatiden
potentiation score. The positive-attenuation score reflected the avetagesubject
standardized blink response across the 16 probed trials in the positive conditionorgith m
negative values reflecting greater positive-attenuation. The negativeipoenscore reflected
the average within-subject standardized blink response across the 8 probeditiyaséities in
the negative condition, with more positive scores reflecting greatetiveegatentiation).

Neuroimaging

Image AcquisitionStructural MRIs were performed at the San Francisco Veterans
Affairs Medical CenterT1 images were acquired on a 1.5 T Siemens Magnetom VISION
system (Siemens, Iselin, NJ) equipped with a standard quadrature head coil, using a
magnetization prepared rapid gradient echo (MPRAGE) sequence (164 cormsalstice
thickness=1.5 mm; FOV=256 mm; matrix 256x256; voxel size 1.0x1.5x1.0 mm; TR=10 ms;
TE=4 ms; flip angle=15°)Imaging data were missing on three of the patients due to either poor
scan quality (1 FTLD patient, 1 AD patient) or imaging not being completed (1 A&hpaA
summary of the number of participants who had usable data for each meastee is igble 1.

Selection of Regions of Interefight- and left-hemisphere volumes in three regions of
interest (ROIs) — the amygdala, the nucleus accumbens, and the OFC — wizd balsed on
previous studies of the neural correlates of the emotion modulated startlel Ateldiateral
aspects of the OFC were separately quantified by the FreeSurfempr@gscribed below),
which allowed for the exploration of more localized brain-behavior associatitmna the OFC.
For comparison purposes, two additional “control” regions were selecteddleasa involved
in emotional or motivational processing but for which there was no strong reasquetd e
associations with emotion modulated startle. These two regions were therdateporal pole
(ATP) and the rostral middle gyrus, which includes the dorsolateral prafcamtex (DLPFC).
FTLD is often associated with degeneration in the ATP and DLPFC, in addition tmygeala,
nucleus accumbens, and OFC. As indicated in Table 2, the mean volume in nearly all of these
regions was significantly smaller in the FTLD group compared to control groupefétesr
assessing ATP and DLPFC ROls permitted examination of whether the hypethegjions
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(amygdala, nucleus accumbens, and OFC) alone impacted the emotion-moduld¢edista
whether a more general pattern of degeneration associated with FTL® dligesATP is
involved in emotional reactions to complex social stimuli that require access tcekigevdbout
other people and their intentions. Whereas the amygdala and OFC, which are each richly
connected with the ATP, are involved in the rapid formation of simple threat/repardisals,
the ATP is involved in more complex appraisals of highly processed sensory gbisah,
Plotzker, & Ezzyat, 2007). The DLPFC is involved in the high-level regulation ofdyeaited
behavior. Like the OFC, single-cell recording studies have shown that DLPF&hs&mcode
the motivational value of stimuli; however, DLPFC neurons selectively encode respons
selection when competing behavioral options exist (Hikosawa & Watanabe, 2008;&Val
Miller, 2003). The emotion modulated startle is a simple regulatory phenomenon tlesgdsroc
automatically once the emotional stimulus is appraised and does not requileviiglr
deliberate, response selection among competing options.

Quantification of Regions of Interest: FreeSurfer Software Packagls were
guantified using the FreeSurfer software package, a semi-automated toettmstructs
cortical and subcortical volumes from MRI daltdtg://www.marinos.org/freesurferFreeSurfer
automatically segments gray and white matter on the cortical surfacelbwhthecorrects for
topological defects, and uses a deformation procedure to locate the pial (geay soaface of
the brain (Desikan et al., 2006). The boundaries of cortical regions of interest arateatbm
delineated using a “sulcal” approach (see Desikan et al., 2006, for technidalateta
anatomical definitions). Subcortical regions are reconstructed ysatiglsprobability
information (see Fischl et al., 2002). The validity of this automated proceduredmas be
established through comparison with manual tracing procedures (Desikan et alFi200leet
al., 2002).

Real-World Behavioral Assessment

Neuropsychiatric Inventory (NPIThe NPl (Cummings et al., 1994) was administered to
patients’ caregivers during their visit to UCSF. The NPI is an informasgebalinical interview
that assesses behavioral disturbance seen in the everyday lives of denients pehe NPI
reliably discriminates between the behavioral presentations of FTLD andeMy et al., 1996).
Several questions pertaining to 12 neuropsychiatric behaviors are scored. Theskisitns,
hallucinations, depression, apathy, aggression, anxiety, disinhibition, aberranbetwwiors,
sleep, and appetite/dietary change. Each of the 12 scales has a mazareuof $2, with
higher scores reflecting greater impairment. Of primary inteoeshé present study were the
behaviors conceptually related to altered sensitivity to cues for threatveaudi re specifically,
anxiety, euphoria, disinhibition, and appetite/dietary change.

Data Analysis

To ensure that our implementation of the emotion modulated startle task was producing
the expected results, a one-way repeated measures analysis ofevgkid@d/A) with Emotion
(negative, neutral, positive) as the within-subject factor and eyeblink magagutle dependent
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variable, was conducted with control subjects. Planned comparisons using Bonferroni
corrections were conducted to test contrasts that compared eyeblink magnitudeahtkac
emotion conditions. Linear trends were analyzed to confirm whether eyeblink nagnit
exhibited the typical negative>neutral>positive pattern.

The emotion modulated startle pattern was also characterized in the sampiale.
Between group analyses were conducted to determine if the patient groues! difien the
controls. A mixed-model repeated measures ANOVA with Group (control, FTLD, &hea
between-subjects factor, Emotion (negative, neutral, positive) as the withactsullaictor, and
eyeblink magnitude as the dependent variable was conducted. Following Braallg2@01),
for all repeated measures ANOVASs, the multivariate test stafisliks’ Lambda) was used to
avoid potential issues of sphericity (Vasey & Thayer, 1987). Partial etaeslc{qéb is reported
as a measure of effect size for each ANOVA.

Next, the neuroanatomical correlates of the emotion modulated startle \aermed.
These analyses were first conducted with the FTLD group, which was the ppatimyt group
of interest, due its localized and variable atrophy within the regions of in(B@#t) examined
in this study. For each ROI, regional volume was correlated with the negatergigidn score
and the positive-attenuation score using Pearson correlation coefficieneslute family-wise
Type | error risk from multiple comparisons, Bonferroni corrections wereeapial the analyses
correlating frontal regions with emotion modulated startle scores, asahalyses were less
strongly based in the literature and included exploratory analyses. #&rssignificance level of
(p < .005) was set for these analyses. Significant correlations were follgpweith multiple
regression analyses to determine whether the ROI still predicted thermotulation score
after controlling for intracranial volume, age, education, and disease severity

In cases where the ROI's regional volume significantly predicted emotolated
startle among FTLD patients, a second set of multiple regression anabsesnducted that
also included the AD patients. These analyses were performed to determinerieeffect
existed among the combined patient sample, and to test whether the effectarassd=aLD
and AD patients. To test whether an effect of regional volume on emotion modulated star
existed for the combined patient sample, emotion modulation score was regresséahah reg
volume, the control variables described above, and a dummy coded variable reprdsenting t
effect of FTLD (=1) vs. AD (=0). To determine whether an effect of regmmiame on
emotion-modulated startle varied across FTLDs and ADs, the above amadgsispeated with
the addition of the FTLD vs. AD X Regional Volume interaction term.

Finally, real-world behaviors assessed on the NP1 were correlatedegative-
potentiation and positive-attenuation using Pearson correlation coefficients.

RESULTS
Emotion Modulated Startle Pattern

Task Validation (controls onlyBecause the emotion modulated startle task is typically
used in young adult samples and with different slide stimuli from those usetgbyes was
important to determine whether the expected startle modulation pattern was fdumgresent
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study. As expected, there was a main effect of emd¥@,,12) = 9.45p < .Ol,np2 = .61,
indicating that eyeblink magnitude differed across the emotion conditions. Sigtiyfizager
eyeblink responses were elicited in the negative compared to the positive corditjd8) =
17.58,p = .001,n,” = .58, and a significant linear trerfe(1,13) = 17.58p = .001,n,° = .58,
indicated that eyeblink magnitude decreased steadily from the negativertd teepositive
condition. Thus, as displayed in Figure 1, the emotion modulated startle pattern found in
previous studies replicated with our sample of older adults and our use of somefehatdif
slide stimuli.

The typical startle modulation pattern was also present in the sample as a whole
including control, FTLD, and AD participants (main effect of emotk&(2, 33) = 6.13p = .005,
np2= .27; linear trend;(1,34) = 11.40p = .002,np2: .25). However, there was no Emotion X
Group interactionk-(4, 68) = .06, n.snp2 =.004, indicating that effect of emotion on eyeblink
magnitude did not differ across the groups. Thus, at the level of clinical diagnesisre
unable to detect differences in the typical emotion modulated startle paabta.3 displays the
means and standard deviations of eyeblink magnitude for each group across each atidhe em
conditions.

Neuroanatomical Correlates of the Emotion Modulated Startle
Amygdala

As expected, within the FTLD group, there was an association between amygdala volum
and negative-potentiation. Specifically, smaller right-amygdala volumesasgspciated with
diminished potentiation of the startle in the negative condition, r 3.8005. Furthermore, as
depicted in Figure 2, negative-potentiation was absent in patients with the sngliles
amygdalae (i.e., those with right-amygdala volumes below the median), ingittait the right
amygdala is critical for this response. There was no association betwéeft-#imygdala and
negative-potentiation, and neither the left- nor right-amygdala was assbwidh positive-
attenuation of the startle. These results support the predictions that amggdal@lld be
associated with diminished negative-potentiation, that the effect would bdizatkta the right
hemisphere, and that the association between the amygdala and emotion modulatechatdr
be specific to negative-potentiation. Further specificity regardingpteeof the amygdala, but
not other aspects of the temporal lobes, in negative-potentiation of the startésavabtained.
As predicted, there was no association between anterior temporal pole volumegadiveé-ne
potentiation. Table 4 displays the relevant correlations and their associatkap.

The association between the right-amygdala and negative-potentiation maine
significant after controlling for total brain volume, age, education, and diseassaty in a
multiple regression analysi®,= .69,p = .047. This relation also held after including the 3 AD
patients on whom there were imaging dfta,.77,p = .025. Thus the effect existed among the
combined patient sample. Finally, adding the FTLD vs. AD X right-amygdalaatiien term
did not yield a significant interaction effect. Thus, we were not able to deffecedces in the
effect of right amygdala loss on negative-potentiation across the diagnosiosgr

Nucleus Accumbens
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Contrary to predictions nucleus-accumbens volume was not correlated with positive
attenuation. The correlation was r = -.08, n.s, for the right-nucleus accumbens and r = .10, n.s.,
for the left-nucleus accumbens.

Orbitofrontal Cortex

As predicted, within the FTLD group, there was an association between the OFC and
positive-attenuation of the startle. Specifically, atrophy in the left-ah€#C was strongly
associated with greater positive-attenuation, r =p69002. The relationship between the OFC
and positive-attenuation was specific to the left-hemisphere and to the nspéietl af the OFC,;
atrophy in the lateral OFC was not related to positive-attenuation. These fipdiwgse support
for the “valence hypothesis,” according to which the left-hemisphere is gmé&édly involved in
positive emotion and appetitive motivation. The findings also provide support for the itdea tha
there is functional specialization among the medial and lateral aspects@F@ Further
support for a specific role of the medial OFC, and not other regions in the frontal lobes, in
positive-attenuation was obtained. Consistent with predictions, there wania@ss between
the rostral middle frontal gyrus, which includes the DLPFC, and positive-att@muidtine of
the frontal variables was associated with negative-potentiation. Notabl\hehaetial OFC
was associated with positive-attenuation and not negative-potentiation provites $ugiport
for the idea that the neural substrates of each of these priming respordissaaiable. Table 5
displays a summary of the relevant correlations and their associataaeg-val

The association between the left-medial OFC and positive-attenuatiomegimai
significant after controlling for total brain volume, age, education, and diseasaty in a
multiple regression analysi®,= .71,p = .004. This relation remained significant in an analysis
that also included the AD patienpss= .73,p = .004. Finally, adding the FTLD vs. AD X left-
medial OFC interaction term did not yield a significant interaction eff€bts we were unable
to detect differences in the effect of left-medial OFC loss on positigatettion across the
patient groups.

Follow-up analysed eft-medial OFC loss was associated vgthaterpositive-
attenuation within the FTLD sample. However, this finding alone does not indicateewhet
positive-attenuation waabnormally highfollowing left medial OFC loss. Thus, follow-up
analyses were conducted, in which positive-attenuation was compared betwets path left
medial OFC loss and healthy controls. For these analyses, “loss” fieeddes less medial OFC
volume relative to the volumes in the control group. A median split on left medial OFCevolum
(0 ="“low”, 1 = “high”) was conducted after combining patients and controls togethériisaitc
patients with relatively small medial OFCs (FTLDs labeled “low”) cdhgccompared to healthy
with relatively larger medial OFCs (controls labeled “high”). A mixed moeéated measures
ANOVA was conducted with Emotion (neutral, positive) within, Group (“low” mediaCOF
patients, “high” medial OFC controls) between, and eyeblink magnitude as thmeldepe
variable. Both groups had significantly smaller eyeblink responses in the@asitnpared to
neutral condition (main effect of emotidf(1, 13) = 54.17p < .001,1],[,2 =.81), but the extent
of attenuation was significantly greater for the patients with relgtarmiller left-medial OFCs
(Emotion X Group interactiorf (1, 13) = 10.19p :.007,1],[,2 = .44). These findings, depicted in
Figure 3, provide support for the prediction that OFC loss would be associatekagtierated
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positive-attenuation, an indication that sensitivity to appetitive stimulaidisinhibited in these
patients.

Behavioral correlates of the emotion modulated startle

Consistent with predictions, negative-potentiation was associated witlyicare-
reported anxiety such that those who demonstrated greater negative-potengatioatad as
displaying more anxious behaviors, according to their caregivers. Howevemnfrtbeevariables
expected to correlate with positive-attenuation — disinhibition, euphoria, and ediagdrs —
displayed significant correlations. Table 6 displays a summary of the relevesiatons and
their associated p-values.

Summary of findings

As predicted, amygdala loss was associated with diminished negativeigiaient
(hypothesis 2a), the role of the amygdala in the emotion modulated startle vifis &pe
negative-potentiation (hypothesis 2b), and the relation between amygdala loss aind-negat
potentiation was lateralized to the right-hemisphere (hypothesis 2c¢). @dot@edictions
based on the animal literature, there was no association between the nuclelreas@mnd
positive-attenuation (hypothesis 3). However, neural loss in the left- n@éalwas associated
with an exaggeration of the positive-attenuated startle, supporting the hypdiae€§&C loss
would disinhibit sensitivity to appetitive stimuli (hypothesis 4a). The latgrafithis finding
provided support for the “valence hypothesis,” according to wikitfrontal regions are
specialized for the processing of positive or appetitive motivational stihygothesis 4b). On
the other hand, atrophy in the OFC was not related to negative-potentiation (exploratory
guestions 4c and 4d). Real-world behavioral problems that were hypothesizecettoraltred
sensitivity to appetitive stimuli did not correlate with positive-attenuationvever, as
predicted, the level of anxiety, reported by caregivers, in the patientsddiay lives was
positively correlated with the degree of negative-potentiation that thetsadisplayed
(hypothesis 5).

Discussion

In this study | examined the neural and behavioral correlates of the emaoiittated
startle response in patients with neurodegenerative disease. The emotionedctatde
response represents a very basic means by which emotions come to influeegeenibs
behavioral responding. In this paradigm, the magnitude of the defensive startle response i
measured in the context of ongoing negative and positive emotional states.riféeesponse
is enhanced in the context of negative states (negative-potentiation) and inhiltited@ontext
of positive states (positive-attenuation) (e.g., Lang & Bradley, 1990). Theseataorgul
responses are thought to reflect “motivational priming” phenomena wherebipeahstates
activate one of two underlying and opposing motivational systems — “aversive” otitiappe
that tune the organism toward or away from motivationally salient events. Whardrsive
motivational system is activated, defensive responding, including the stsfilense, is
enhanced. When the appetitive motivational system is activated, defensive respaoctlidong
the startle response, is inhibited. The neural bases of these fundamental moahilatsrces of
emotion have not been well-characterized in humans. Nor have researchersedxami
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consequences of impairments in the emotion-modulated startle for functioningydagyvkie.
The present study attempted to clarify these issues.

First, this study established the utility and validity of the emotion modulagtest
paradigm in a sample of older adults, using visual stimuli selected spkygifar this
population. The basic negative-potentiation and positive-attenuation findings found inryounge
populations (e.g. Vrana et al., 1988) were replicated within this sample. Moveamtly, this
study provided evidence that negative-potentiation and positive-attenuation @irtlee st
response have distinct neural correlates. Amygdala loss was associhtdonished
negative-potentiation but had no effect on positive-attenuation. Orbitofrontal lossseam el
with enhanced positive-attenuation but had no effect on negative-potentiation. In addtion, th
findings provided evidence that the neural systems supporting the emotion modaldied st
response are lateralized. The finding linking amygdala loss with diminishedveegat
potentiation was specific to the right-hemisphere, and the finding linking @#sGlith
enhanced positive-attenuation was specific to the left-hemisphere. Contragditdipns, there
was no association between the nucleus accumbens and the positive-attenuatelistdint|
this study examined real-world functional correlates of the emotion-modtdle. Reduced
negative-potentiation was found to be associated with lower informant-based dtpatients’
anxiety. None of the real-world behavioral problems assessed was asbogthtpositive-
attenuation. These findings are discussed in detail below.

Neuroanatomical findings
Amygdala

This was the first study to quantify amygdala loss in a sample of human lesemsati
and relate it to negative-potentiation of the startle response. Though a handfidnefrapping
studies in humans have compared the emotion modulated startle among lesion patiehéd wi
among controls (Funayama et al., 2001; Buchanan et al., 2004; Sanchez-Navarro et al., 2005;
Saunders et al., 2006), group-based comparisons provide less sensitivity andtgpbaificlo
approaches relating continuous measurements of clearly defined bramsregio continuous
measurements of behavioral performance (Bates, Wilson, Saygin, DickpS&¢ia., 2003).
Findings indicated that amygdala volume was negatively correlated withveepatentiation
such that patients with smaller amygdala volumes displayed less negatingapote Patients
with the smallest amygdala volumes (those falling below the mediarg failhow the
negative-potentiated response altogether, indicating that the amygddiaasfor this
response. These findings converge with animal studies, using rodents, demorbtating
removal of the amygdala completely abolishes the fear-potentiatdd @avis at al., 1999),
and they replicate the one prior human case study that found impaired negativetpotentaa
single patient with damage to the right amygdala (Angrilli et al., 1996).

Findings also indicated that the role of the amygdala in the emotion modulatied start
response is specific to negative-potentiation. There was no association betwgedala size
and positive-attenuation of the startle. The selective association of thdaewgth negative-
potentiation is consistent with the idea that distinct neuroanatomically bedadtional
systems support negative-potentiation and positive-attenuation of the startked, ineteprior
studies using patients with damage to the temporal lobes, which included the amypgadala, f
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impaired negative-potentiation, but not impaired positive-attenuation, relaticatrols
(Funayama et al., 2001; Buchanan et al., 2004). The current findings also provide greater
specificity about the role of temporal lobes in the negative-potentiate@ stdrd role of the
anterior temporal pole was also assessed, as this region is also involvediam&npobcessing,
is tightly connected with the amygdala, and is often affected in FTLD (Otsan 2007; Rosen
et al., 2002). There was no association between anterior temporal pole volume and eithe
negative-potentiation or positive-attenuation of the startle, indicating thpbtal lobe damage
per se was not the basis of impairment of negative-potentiation found in this sample.

Taken together, these findings support the contention that the amygdala is adteyestr
in the human aversive motivational system (Lang, Bradley & Cuthbert, 1990; Lang, I915)
findings indicate that damage to the amygdala disrupts the ability of threatemub ® prime,
or mobilize, the defensive response system. These findings also fit witle d&tahg of prior
research suggesting that the amygdala plays a broad role in modulating béhettemtzonal,
perceptual, and memory systems in the service of facilitating the sngarability to respond to
dangerous circumstances (Phelps & Ledoux, 2005).

Orbitofrontal Cortex

This was the first study that directly examined the role of the OFC in théoemot
modulated startle. Findings indicated that medial OFC loss, specifica$ycorrelated with
positive-attenuation such that patients with more loss in this region displayeatteorgation.

In order to determine whether this enhancement was within or above the normeadfrang
responding, positive-attenuation was compared between patients with the smadiedtOFC’s
and healthy controls. Patients with the most medial OFC loss showed gredtesjattenuation
than did healthy controls, indicating that damage to this region is associdtexhvweixaggeration
of this response. Enhanced positive-attenuation is theoretically related toeshbansitivity of
the appetitive motivational system, which is typically activated by remgustimuli. Consistent
with this idea, Hawk and Komas (2003) found that individuals who were high on a personality
measure of reward responsiveness displayed enhanced positive-attenudiv@ntoetantrols.
Greater reward responsiveness following OFC damage would be consistebémat/ioral
descriptions of disinhibition and inappropriate euphoria in these patients. In FTiebtpat
specifically, OFC damage has also been related to profound changes in eating behavior,
particularly an increased consumption of sweet foods, despite reports of @&beliey et al.,
2009), suggesting alterations in the appetitive motivational system that areesangith the
present findings.

The specificity of the finding within the OFC, showing that the medial OFC, in
particular, was associated with positive-attenuation, is consistent withraglesedicating that
medial and lateral aspects of the OFC have specialized functions (Elliah, BoFrith, 2007).
In particular, one prior study suggested that these regions may be didfflérespecialized to
deal with appetitive and aversive stimuli. Using positron emission tomograghy, (Bmall et
al. (2001) examined the neural correlates of appetitive and aversive motivatioariteect who
were instructed to eat chocolate to beyond satiety. The medial and laterah®rF&d opposite
patterns of activity, with the medial OFC responding most when participargdwgbty
motivated to eat more chocolate and the lateral OFC responding most when pédsticipa
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continued to eat despite being satiated. The authors concluded that the medial fepardy
of a system that evaluates the positive/appetitive value of stimuli whbeekatdral OFC is a
part of a separate system that evaluates the negative/aversivefvaioruli. The current
findings are consistent with the idea that the medial OFC is involved in the appetitive
motivational system.

The findings also suggested that the role of the OFC in the emotion modulatedsstartle i
specific to positive-attenuation. There was no association between OFEitlossredially or
laterally) and negative-potentiation. This finding provides further suppottéadea that
dissociable systems are involved in negative-potentiation and positive-attenualiersiairtle.

It also suggests that the simple motivational priming phenomena assessed in ihie emot
modulated startle paradigm differentially involve frontal cortical systékmersive stimuli,
because of their importance for survival, may be preferentially processataortical,
evolutionarily old systems that promote rapid, hard-wired or learned, responsés. @imer
hand, appetitive stimuli, which do not require immediacy or stereotyped responding, may
additionally recruit cortical systems that allow for flexible, adaptrel novel responding. In
addition, the evaluation of appetitive stimuli may be more complex than that ofvaversiuli.
According to Bradley et al. (2001, p.280), “the study of appetitive motivation is ofte
complicated by the fact that the attractiveness of a specific stimufusfé@d or drug) depends,
to some extent, on a co-occurring aversive state (e.g., hunger or deprivatmnjéward value
of appetitive stimuli increases as a function of hunger/deprivation and decasaséunction of
satiety. Neuron firing rates in the OFC are responsive to precisely ths€Rolls, 2000).
Thus, frontal regions may be particularly important for the evaluation of apeetitmuli.
Subcortical reward processing in the nucleus accumbens, by contrast, isnegpolysive to the
presence or absence of reward — and not its relative value (Elliott, Newmae, KoBeakin,
2003). There is some evidence that evaluation of pleasant, but not unpleasant, stirswndraw
frontal cortical regions. Paradiso et al. (1999) used PET to examine neural essjpopieasant
and unpleasant stimuli, using positive, negative, and neutral IAPS slides. Thegfeatet
frontal activations (in medial orbital and dorsolateral prefrontal cortiogs)gitive, but not
negative, slides and greater subcortical activations (in the amygdala) tiveyegat not
positive, slides. This distinction between cortical and subcortical regions pndtessing of
pleasant and unpleasant stimuli, respectively, is consistent with the curcamg$i

It should be noted, however, that other studies have found common activations in frontal
regions to both pleasant and unpleasant stimuli (Lane, Reiman, Ahern, Schwartz, &Davids
1997; Lane, Reiman, Bradley et al., 1997). It should also be noted that the spetiticgyYOFC
in enhancing the sensitivity of the appetitive motivation system may ajpgeasistent with
clinical observations of emotional behavior following OFC damage that suggest kbast
some aspects of aversively motivated behavior become sensitized. For instanicaggressive
behavior is commonly described in human and monkey subjects with OFC lesions. One possible
explanation for this discrepancy is that the emotion of anger, which underliessiggr
behavior, is a unique negative emotion in terms of its motivational pull. Though mangtheori
argue that the valence — positive versus negative — of emotional stateshdrizeviation of
the appetitive versus aversive motivational systems, respectively (L&tg,0&vidson, 1998;
Tomarken & Keener, 1998), others have argued that the motivational direction — aprsash v
withdrawal — of emotional states determines which system will be aadiy@arver & Harmon-
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Jones, 2009). Specifically, according to the latter view, approach-relateidesnetll activate
the appetitive system and withdrawal-related emotions will activatevérsive motivational
system. Based on this view, the clinical observations of disinhibited aggrbsk&e@or — which
are, by definition, approach-related — in OFC patients are consistent witutly’'s finding of
enhanced appetitive motivation in the context of OFC loss. In summary, there is soemeeyi
from both the laboratory and clinical observation, that the OFC plays a special aplgetitive
motivation and that damage to this region disinhibits aspects of appetitive-mdtdedtavior.

Finally, the fact that the emotion modulated startle was intact, albeit exthastt
regard to positive-attenuation, in patients with medial OFC loss indicatdbeiaedial OFC is
not critically involved in the general capacity for positive-attenuation ofttrdes Rather, the
findings suggest that the medial OFC plays a modulatory role in the nestexhsyat directly
mediates this response. The precise mechanism through which the OFC molis|atetam
remains to be determined. This modulatory role may take place during stimulasalppts
described previously, neurons in the OFC are involved in appraising the reward vaionrlof s
in a context-sensitive manner (Rolls, 2000). These nuanced appraisals may thasttoeats in
the sensitivity of subcortical response systems that promote appetitive beaasgior
consequently, inhibit defensive behavior. This is purely speculative, however, and tudigs s
should clarify the nature of the interactions between the OFC and subcodioabkrgvolved in
reward appraisals and appetitive motivation. Whatever the mechanism, thesesfindicate
that when there is damage to the OFC, it is particularly difficult to aetthatdefensive
response system in the context of ongoing positive states. There has beshdystiematic
study of emotional activation in the context of OFC damage. Because this istthtilgsto
examine the role of the OFC in the emotion modulated startle, these findings should be
considered preliminary.

Laterality

This study found evidence of laterality in both the negative-potentiated stadltide
positive-attenuated startle. The relation of amygdala loss to diminishedveeggatientiation was
lateralized to the right hemisphere, suggesting a greater roleefagttt hemisphere in aversive
priming of the startle reflex. This is consistent with findings of impairedtivegpotentiation
following right hemisphere damage, which are consistently obtained in lesiorssddmining
the role of the temporal lobes in the emotion modulated startle (Angrilli et al., 199¢aRuma
et al., 2001; Buchanan et al., 2004).

Of these studies, only two compared patients with right and left temporal lobgedama
Whereas patients with right-sided damage displayed impaired negativegtaianti both
studies, the results were inconsistent for patients with left-sided darRagayama et al. (2001)
found no impairment, whereas Buchanan et al. (2004) found impairment. In additiontindirec
evidence for a preferential role of the right hemisphere in the emotion matsiatde has been
found in studies using monaural startle probe presentations. In three experinmgnkeakhy
volunteers, Bradley et al. (1991; 1996) found significant emotion modulation of the \stastie
acoustic startle probes were presented to the left ear, but not when they wartegresthe
right ear. Because projections from the auditory nerve primarily run to thelateriaa
hemisphere, startle probes presented to the left ear are primarily poboesise right
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hemisphere. Thus, the findings of Bradley et al. (1991; 1996) indicated that startle probe
processed in the right hemisphere were more susceptible to motivational prfluagces. It

should be noted, however, that the index for emotion modulation used in these studies was based
on the magnitude of the difference between startle responses to the nagdpasitive slide

stimuli. Such an index provides information about the degree to which blinks are diiifierent
negative and positive conditions, but makes it impossible to determine whethenddtene

these conditions are due to enhanced negative-potentiation, enhanced positive-attenuation, or
both. Regardless, there is accumulating evidence that the right hemisplysra gpecial role in

at least some aspect of the emotion modulated startle, and, based on the currandspagy

lesion studies, that negative-potentiation is implemented more robustly in theemgisphere.

This was the first study to examine whether left- or right-hemispheiewes are
differentially involved in positive-attenuation of the startle response. Findwdgsated that
damage to thieft medial OFC was associated with an exaggeration of the positive-attenuation
response. Prior research has suggested that the motivational systems involved/éngmuksit
negative emotion are differentially lateralized in the left and right hemisph Empirical
support for this “valence hypothesis” largely comes from studies of restinglfront
electroencephalographic (EEG) asymmetries, showing that grdatereréeft-frontal activation
is associated with positive emotionality and approach-motivational tendewtiereas greater
relative right-frontal activation is associated with negative emotioraityavoidance-
motivational tendencies (Davidson, 2004). Though source localization studies everdaatly tr
these resting frontal asymmetries to the dorsolateral prefrontak clatier localization studies
found that asymmetries in other regions of the prefrontal cortex were relapeédific aspects
of motivational processing. In particular, one source localization studyirixgnthe
relationship between frontal EEG asymmetries and reward sensitiuityg fthat individuals with
greater relative resting activation in the left medial OFC, spatifishowed a bias to respond
to reward-related cues (Pizzagalli, Sherwood, Henriques, & Davidson, 2005). $aetpre
findings provide further support for the role of the medial OFC, particularly irethe |
hemisphere, in a system that mediates responding to rewarding/appeiitive s

Taken together, these findings demonstrate that aspects of the systemslimvtiee
emotion modulated startle are lateralized. In particular, the findingsafgpsupport the
“valence hypothesis,” which suggests that the right hemisphere supports iméptocessing
related to negative emotion and the left hemisphere supports motivational procelssatto
positive emotion.

Nucleus Accumbens

Contrary to predictions, this study failed to find an association between tfleesiuc
accumbens and positive-attenuation of the startle response. It was expeadadchtge to the
nucleus accumbens would impair positive-attenuation. This prediction was based on & study b
Koch et al. (1996), which demonstrated that lesions of the nucleus accumbens in rodents
abolished the positive-attenuated startle in the context of conditioned cuesda¥.rew

Several factors may account for the current study’s failure to repttgaténding. First,
the current study may not have adequately sampled patients with a sufficientfratrgehy in
the nucleus accumbens. Though the mean nucleus accumbens volume in the patient group was
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smaller than that of the control group, the range of atrophy may have been to@teahtdri
yield correlations. Alternatively, though smaller volumes were observibe ipatients, the
extent of their lesions may not have encompassed the precise subregionativatypuatediate
inhibitory influences on the brain stem. Indeed, based on clinical observations, Viskontas
Possin, and Miller (2007) argued that the natural reward system remaiiv&hglatact in
frontotemporal dementia (e.g., patients directly seek out primary rewatss food and
sex).Consistent with this contention, localized atrophy in this sample lagsdréo an
exaggeration of the positive-attenuation response. Thus, several issuddoelagesample may
have contributed to this null finding.

A second factor that may account for this study’s failure to replicate &toalis (1996)
findings has to do with differences between the animal and human models of the positive-
attenuation of the startle response. In the animal model, startle atensaissessed in the
context of conditioned cues for food, among food deprived rodents. Food is a primary reinforcer
that is necessary for survival; its motivational value is particularly imghe context of
deprivation (an aversive state). In the human model, on the other hand, startleiatténuat
assessed in the context of pleasant picture stimuli, only some of which includenegtiens of
primary reinforcers (e.g., food in the current study and sexual/erotiglistinother studies), but
these stimuli are never presented in the context of deprivation. It may bedhbatadiffering
neural regions in the appetitive motivational system mediate startiaiiten across these
differing contexts. Indeed, Josselyn et al. (2005) demonstrated that roteldf startle-
attenuation in appetitive contexts are dependent on the nucleus accumbens. The authors
demonstrated that startle-attenuation can occur in the context of cues fo(aaf@se signaling
the absence of shock), and the level of attenuation observed is not diminished follswing) le
of the nucleus accumbens. Safety signals may not appear to be cleanvappetdi However,
by signaling that the environment is safe, the defensive system can be inhibited a
consequently, appetitive behaviors can be supported. Both cues for reward and ctietyfor sa
have been shown, in animal models, to support appetitive behaviors (Josselyn et al., 2005).
Josselyn et al. (2005) argued that the neural structures that respond to cuesyfansafeward
may overlap, but their study also showed that dissociable neural structuremigkbate
“safety-attenuation” and “reward-attenuation” of the startle.

The positive stimuli used in the present study included happy couples/families and
pleasant landscapes that, while potentially rewarding, may also providéhat&p into the
safety system. This may account for the absence of an association beveedeus
accumbens and attenuation of the startle in response to these stimuli. The dtedyeoiral
substrates of the positive-attenuated startle is in its infancy. Furiearel, using both animal
and human models, is needed to clarify the types of positive contexts (e.g., thosegsignal
reward, those signaling safety) that do and do not inhibit the defensive respdaseays the
underlying neural systems that mediate these responses.

Behavioral findings

In addition to examining the neural correlates of the emotion modulated staptase,
this study explored the question of whether the subtle motivational priming poesssssed
on this laboratory task are associated with meaningful functional consequreaeesyday life.
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Informant-based ratings of behavioral problems were obtained using th&lidBe ratings
provide a window into whether a functional impairment is significant enough to beyseen b
others. The only significant relationship found was that between negative-paterdiadi
anxiety. Diminished negative-potentiation was associated with lower pisx@tes. This
finding makes theoretical sense, as deficits in aversive motivation shouldbmaesswith a
diminished likelihood of tuning into and responding to threatening situations behavidrally. |
may be the case that the simple circuit that mediates the negative-petestizatle has fairly
direct downstream consequences for behavior. This is rather striking asexpgaééntiation of
the startle taps into a very primitive and basic defensive priming responseisBehe threat
system is built to respond quickly and efficiently, low-level circuitry mayehazarticularly close
ties to behavior. In addition, negative-potentiation of the startle may be a maokehmadly,
of an individual’s proclivity to activate defensive responses across a rhsggems beyond the
primitive startle (e.g., perceptual, cognitive) that give rise to thevimisaassessed on the NPI
Anxiety scale.

There were no associations between positive-attenuation and any of the IN§thsata
were expected to relate to alterations in appetitive system senggigtydisinhibition, euphoria,
eating). Unlike the aversive system, the appetitive system may haveomgpéex downstream
links with real-world behavior. It has been suggested that whereas negativensrtesd to a
narrowing of the behavioral repertoire, positive emotions lead to a broadening wbbaha
options (Fredrickson, 1998). It may, thus, be more difficult to find behavioral correfaes
marker for positive/appetitive motivational system sensitivity, becégskehaviors that result
from such states are functionally more diverse. In general, behaviorsilirdetermined. This
is more so the case outside the constraints of controlled laboratory situationdinting any
link between a simple laboratory phenomenon and real world behavior is difficutt mékies
the finding with negative-potentiation and anxiety especially interesting.

Implications for Frontotemporal Lobar Degeneration

Patients with FTLD were chosen for this study because the disease sytahgetethe
frontal and temporal lobes, regions that have been implicated in the emotion-modaldled st
response. In addition patterns of atrophy vary across patients, in termseajétive r
involvement of frontal and anterior temporal regions and the relative involvemdéiet leftt
versus right sides of the brain. Thus, the neuropathological heterogeneity progatatl a
source of variability to examine brain-behavior relationships in a fairgllsample.

Though not the central question of this study, | examined whether patients with &
a group, showed abnormal patterns of startle modulation relative to controls. Findingteohdi
that there were no differences between FTLD patients and controls. Theseféeestimates for
differences between the groups were negligible, arguing against thbadé¢lae sample was too
small to detect the effect. As a group, FTLD patients showed the norma& stadulation
pattern, with the largest startles in the negative condition and the smaltdessh the positive
condition. The group level finding begs the question of what the correlations betweetedisc
brain regions and the emotion modulated startle mean, particularly for patigniTLD. In
general, the finding highlights the heterogeneity of the disease. For mstiaaoverall level of
negative-potentiation was similar in patients and controls because only patibragynificant
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atrophy in the right amygdala were impaired. Similarly, the level of posattemuation was
similar in patients and controls, because only patients with significant |€fta@Bphy
displayed exaggerated positive-attenuation.

In general, laboratory studies that have examined the integrity of the ematiem sy
FTLD have found several areas of preserved functioning when comparing thenpeide of
patients and controls. For instance, compared to controls, FTLD patients shaw levels of
physiological reactivity to simple emotional stimuli (like loud sounds and githpimed
amusing and sad film clips). Deficits tend to be found on aspects of emotional furgtivei
involve greater cognitive complexity, such as emotion recognition, selfioossEmotion
responding, and some aspects of emotion regulation (Levenson & Miller, 2007; Goodkind,
Gyurak, McCarthy, Miller & Levenson, in press). In general, findings haveatatidhat while
the basic infrastructure of the emotion response system is intact, emotmresging that
requires reflection, use of context, picking up on subtleties, and high-level emajideticn is
impaired. The current findings are consistent with the idea that the baagtrinéture of the
emotion system is intact in most patients with FTLD. In general, complexanaitilities
which are found to be impaired in this group tap into frontal lobe systems which are most
susceptible to atrophy across patients with FTLD. The systems that driveriaéom-level
aspects of emotion, however, may be less consistently impacted across,patking group-
level differences more difficult to come by. Rather, these low-level aspeetnotion appear to
vary meaningfully as a function of deficiencies in particular brairoregwhich vary across
individuals diagnosed with FTLD. One implication of this suggestion is that group-leve
comparisons between controls and patients, which are based on clinical diagnosis,enay und
estimate impairments in some of the more basic aspects of emotion processing.

Generalizability of Findings

Patients with AD were included in analyses to perform a preliminargsmsat of
whether damage to brain regions outside those affected by FTLD, particulddsigrdsrain
regions, affected the results. The addition of these patients had litdeaifany of the findings.
It would be important, however, in future studies, to sample brain regions more bratuby, w
larger sample, and across different patient groups, to determine whetheethdisereplicate.

Although patients with neurodegenerative disease afford the advantage of providing
variability in relatively small samples, studies are also needed thaasbpatients with
localized lesions with patients with more widespread pathology. In particuladantor
interpret better the finding linking the OFC with exaggerated positivatgt®on, it would be
important to examine this response in patients with localized OFC damage, who ¢ matva
damage in subcortical systems.

Strengths, Limitations, and Future Directions

The main strength of this study was that it examined the contributions of mulapie br
regions to both the negative-potentiation and positive-attenuation aspects obtlomem
modulated startle response within a single sample. In addition, unlike previous heioan le
studies, which compared control groups to patient groups with lesions to broadly defined (e.g
temporal lobes) or heterogeneous areas (e.g. studies of TBI patientd)lassuraspecific
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regions was directly quantified in this study and related to stadtkitation. Thus, the findings
from this study provide greater specificity about the roles of specifionggn the emotion
modulated startle.

A main limitation of the present study was its limited sample size. Nulhiysdare
difficult to interpret in small samples because they may be due to isswes pdier as opposed
to the effect being truly absent. This study did not provide an exhaustive assessaliasfttbé
brain regions that might contribute to the emotion modulated startle. Given thesample size
and risk of producing Type | errors with increasing numbers of exploratory asatysy a
limited number of brain regions were selected that had some basis for examimébe prior
literature. Having said this, it is important to note that sample sizes instuitiieneurological
patients are typically even smaller than this one. For example, the s@eplestudies
examining the role of the temporal lobes in the emotion modulated startle hawe frangene
lesion patient (Angrilli et al., 1996) to groups of six (6 right temporal lobe vértefstemporal
lobe lesion patients in Buchanan et al., 2004 and Funayama et al., 2001). Future stindies mig
employ whole-brain statistical approaches, such as voxel-based morphometnyprekide a
comprehensive assessment of anatomical differences throughout the bradvditage of
such an approach is that it is not constrained by the specification of a priongeginterest.
Because the neural systems involved in positive-attenuation are not well-aodeastd they
appear to be more complicated than those involved in negative-potentiation, a whole-brai
statistical approach may be particularly fruitful for future studiessbek to clarify the neural
basis of this basic appetitive priming process.

The use of two different physiological data acquisition systems (ooeasby laboratory
upgrades that occurred while this study was being conducted) may have cedtigboertror
variance in the measurement of startle eyeblink magnitude. To addressdbigengent
variability issue, within subject blink scores were standardized to controffieredices in the
absolute magnitude of eyeblinks (which may vary according to different sérestof the two
systems), and the resulting scores reflected relative eyeblinkfaizzsch subject, within each
emotion condition. The use of standardized scores is commonly used in emotion modulated
startle paradigms, to control for individual differences in the absolute levelrtéstyeblink
reactivity. However, absolute startle eyeblink magnitude may be a madrangfimportant
individual difference measure. For instance, although the findings indicatatetarLD
patient group, as a whole, did not differ from controls in terms of relative blinktsinegative,
neutral, and positive stimuli, using z-scores precludes knowing whethex¢neyverall more
or less reactive to the startle probes than were the controls. Evidence frabavatdry has
indicated that startle reactivity in FTLD patients is commensuratethat in controls in
motoric, facial behavioral, and physiological channels, when elicited with ghartensity
110dB acoustic startle (Sturm et al., 2006). It is not known, however, whether this findirg woul
translate to the eyeblink channel, using a much less intense startle éficstommary, it
remains to be determined whether the overall level of defensive activat®aftected by brain
injury in this sample.

A final issue is the generalizability beyond patients with FTLD. The ffedtthe
amygdala predictions, which had a solid basis in the prior animal and human literaéuees, w
supported in this sample provides some evidence that this finding is generalizablendiigs f
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also validates the use of neurodegenerative disease to model brain-beltetiomsteps.
Specifically, it indicates that one can localize brain-behavior relatipagvien in a sample with
widespread atrophy. This was also supported by the “control region” analysethdless in
mapping brain-behavior relationships, it is important to find converging evidencestuoles of
patients with localized lesions. The medial OFC finding in particular avegtieation in future
studies.

Summary and Conclusions

This study examined the neural and real-world behavioral correlates of ttierem
modulated startle response in patients with neurodegenerative disease. Firdicaged that the
right amygdala plays a selective role in negative-potentiation (but not posteweration) and
that the left medial OFC plays a selective role in positive-attenudiam¢t negative-
potentiation). Together, these findings support the contention that at least sone agpec
aversive and appetitive motivational systems are dissociable.

The amygdala findings are consistent with a large animal literature thdélhasated the
precise neural pathways involved in the fear-potentiated startle. Thisevastistudy to
demonstrate a specific association between the amygdala and negativetmmienteasample
of human patients. Furthermore, because there was a strong basis for suspedsogiation
between the amygdala and negative-potentiation, these findings, using paitients w
neurodegenerative disease, provide a measure of validation for the use of fkaeseipat
modeling brain-behavior relationships.

There has been less extensive research on the neural basis of the positiatett
startle, and the current study was unable to replicate the animal findingetlmatdeus
accumbens is critical for this response. Failure to sample adequate igriraliile nucleus
accumbens, the content of the positive visual stimuli, or differences betweerntad @nd
human paradigms may have accounted for this discrepancy.

The finding that medial OFC damage was associated with exaggerated positive
attenuation suggests that cortical systems play an indirect and modulatory nedesimple
priming response. The medial OFC finding has not been reported in previous work, however,
and it should be considered preliminary pending replication. Future studies shoulkhatsoee
the emotion modulated startle in patients with localized damage to the OFCrioidetehether
these results generalize and replicate using other samples.

Finally, this study examined whether alterations in the emotion modulatde stare
associated with real-world behavioral problems as viewed by caregiversidbied negative-
potentiation was associated with lower anxiety ratings by caregiversaiimgj that the negative-
potentiated startle taps into a functional capacity associated with obseawalhieaningful real-
world behavior. To my knowledge, this was the first study to examine whether the pgyediolo
processes assessed on this laboratory task have meaningful functionalesoimedaeryday life.
Future studies should employ other measures of real-world functioning that hone inifie spec
emotional behaviors that may be relevant to the emotion-modulated startle.
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Table 1

Number of Participants with Usable Data on each Measure.

Controls FTLD AD Total
Emotion Modulated Startle 14 18 5 37
Neuroimaging n/a 17 3 20
Behavioral Ratings n/a 18 5 23
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Table 2.

Mean Volumes in Regions of Interest among Controls and FTLD Patients

Controls (n=10) FTLD (n=17)
Mean (SD) Mean (SD)
Amygdala
Left 1569 (404) 1011 (408) ***
Right 1653 (285) 1328 (239) **
Nucleus Accumbens
Left 497 (116) 380 (121) **
Right 595 (107) 423 (123) ***
Medial OFC
Left 4375 (807) 3847 (662) *
Right 4588 (796) 4059 (760) *
Lateral OFC
Left 7345 (1095) 6227 (1307) *
Right 7233 (1003) 6145 (1235) *

Rostral Middle Gyrus
Left 14562(1624)
Right 16193 (3093)

14125 (2382)
13918 (3057) *

Temporal Pole
Left 2404 (353) 1547 (319) ***
Right 2180 (504) 1702 (477) **

Mean volumes were compared between controls and FTLD patients with one-taged, th <
.05, * p<.01, **p<.001
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Table 3

Eyeblink Magnitude (within-subject z-scores) within each Emotion Condition ébr @aoup

Controls (n = 14) FTLD (n = 18) AD (n =5)
Condition Mean (SD) Mean (SD) Mean (SD)
Negative 20 (.18) 26 (59 26 (.72)
Neutral .10 (.58) 10 (.23) 12 (.19)
Positive -18 (.25) -22  (2B%° -11 (.40)

Superscripts indicate paired contrasts that were significantly diffexeBb(ferroni correctepd
<.008)
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Table 4

Correlations of Temporal Lobe Regions with Negative-Potentiation and PoAitamuation
Scores among FTLD Patients (n=17)

Negative-Potentiation Positive-Attenuation
r= p= r= p=
Amygdala
Right 50 047 -.25 34
Left A7 52 -.37 14
Temporal Pole
Right .39 A2 -.30 .25
Left -.33 .20 31 22
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Table 5

Correlations of Frontal Lobe Regions with Negative-Potentiation and Positigetation
Scores among FTLD Patients (n=17)

Negative-Potentiation Positive-Attenuation
r= p = r= p =
Medial OFC
Left .00 .99 .69 .002
Right .18 .50 24 .36
Lateral OFC
Left -12 .66 41 .10
Right .38 14 15 58
Rostral middle gyrus
Left -.07 .79 13 .63
Right .06 .83 -.06 .83

39



Table 6

Real-World Behavioral Correlates of the Emotion Modulated Startle afFibbDQ and AD
Patients (n=20)

Anxiety Disinhibition Euphoria Eating
Negative-potentiation 50* .29 .06 .02
Positive-attenuation -.15 .07 27 -.08

Pearson correlation coefficientg £ .05
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Figure 1

Task Validation: Emotion Modulated Startle Pattern among controls (n = 14)
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Figure 2.

Absence of Negative-Potentiation in Patients with Smallest Rightg@8lalge (n = 17)

0.7

0.6 -

0.5 -

0.4 -

B "high" right amygdala
0.3 -

"low" right amygdala

0.2 -

0.1 A —

negative neutral

Blink magnitude (standardized z-scores)

-0.1

A median split was performed on the patients’ right amygdala scores, and negatiépon
was compared between patients with “high” and “low” scores, using repeatsdresa
ANOVA. There was an Emotion X Right Amygdala interactiofl, 15) = 7.54p = .015,11,,2 =
.34. Only the patients with “high” right amygdala scores displayed negatieatj@ion.
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Figure 3

Exaggerated positive-attenuation in patients with relatively smaltemiedial OFCs compared
to controls
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