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Panic Disorder: Dysfunctions in the Brain’s Alert System
and Combined Therapeutic Interventions
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Abstract- Panic disorder is a severe anxiety condition
characterized by sudden and recurrent panic attacks,
often accompanied by significant physiological and
psychological distress. Neurobiological evidence
indicates that dysfunctions in the brain’s alert
system, particularly within the amygdala and related
fear-processing networks, play a central role in the
pathogenesis of the disorder. Hyperactivation of the
amygdala, reduced inhibitory control from
prefrontal cortical regions, and imbalances in
neurotransmitter systems such as serotonin, GABA,
and norepinephrine contribute to the heightened
threat perception and somatic symptoms observed in
affected individuals. Current best practices in
treatment emphasize a combined therapeutic
approach, integrating pharmacological strategies—
especially selective serotonin reuptake inhibitors
(SSRIs)—with cognitive-behavioral therapy (CBT)
interventions. Techniques such as progressive
desensitization and breathing retraining have
demonstrated efficacy in modulating both cognitive
distortions and  physiological dysregulation.
Emerging modalities, including mindfulness-based
interventions and virtual reality exposure therapy,
may offer additional benefits. This paper reviews the
neurobiological mechanisms underlying panic
disorder and critically evaluates the effectiveness of
combined treatment strategies, advocating for
integrated and personalized care models.

Indexed Terms- Panic disorder; Amygdala; Fear
circuitry; Cognitive-behavioral therapy; SSRIs;
Progressive desensitization; Breathing retraining;
Neurobiology;  Combined  therapy;  Anxiety
treatment.

L INTRODUCTION

Panic disorder is a debilitating psychiatric condition
marked by sudden, recurrent panic attacks
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characterized by intense fear and somatic symptoms
such as palpitations, dyspnea, dizziness, and chest
pain, often leading to significant functional
impairment and comorbidity with other anxiety and
mood disorders (American Psychiatric Association,
2013; Craske et al., 2010). The neurobiological
underpinnings of panic disorder involve complex
dysfunctions within the brain's alarm system,
particularly implicating the amygdala and its neural
networks responsible for processing fear and threat
detection (LeDoux, 2007; Gorman et al., 2000). This
article synthesizes current knowledge on these
neurocircuitry dysfunctions and evaluates the efficacy
of combined pharmacological and cognitive-
behavioral interventions, emphasizing progressive
desensitization and respiratory regulation techniques.

This infographic visually represents the core
neurobiological and therapeutic aspects of panic
disorder. On the left, the brain illustration highlights
the amygdala and prefrontal cortex, which are central
to the dysregulated fear circuitry underlying the
disorder. The distressed woman symbolizes the
intense emotional and physiological symptoms
experienced during panic attacks. On the right, the
image emphasizes the concept of combined therapy,
showing both medication (such as SSRIs) and
cognitive behavioral therapy (CBT), which are proven
to be most effective when integrated. The overall
composition captures the interaction between brain
dysfunction and multimodal treatment strategies.
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Figure 1. Neural circuits and combined therapy in
panic disorder.
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Source: Created by author.

The amygdala acts as a central hub in the processing
of emotional and fear-related stimuli by integrating
sensory information and activating downstream
autonomic and endocrine responses (LeDoux, 2007).
In panic disorder patients, functional magnetic
resonance imaging (fMRI) studies reveal
hyperresponsiveness of the amygdala and associated
structures such as the bed nucleus of the stria
terminalis (BNST) and periaqueductal gray, which
contribute to the rapid onset of panic symptoms (Etkin
& Wager, 2007; Gorman et al., 2000). This heightened
amygdala activity is accompanied by diminished
regulatory control from the medial prefrontal cortex
(mPFC) and anterior cingulate cortex (ACC), brain
regions responsible for fear extinction and cognitive
appraisal, leading to impaired inhibition of fear
responses (Paulesu et al., 2010; Kim et al., 2011).

The neurochemical milieu in panic disorder also
implicates dysregulation of gamma-aminobutyric acid
(GABA), serotonin (5-HT), and noradrenaline
neurotransmitter systems. Reduced GABAergic
inhibition may facilitate amygdala hyperexcitability,
while alterations in serotonergic pathways modulate
anxiety and panic susceptibility through limbic and
cortical circuits (Nutt & Malizia, 2001; Maron & Nutt,
2017). Noradrenergic hyperactivity within the locus
coeruleus further sensitizes the brain’s panic circuitry,
contributing to exaggerated autonomic symptoms
(Millan et al., 2019). These neurochemical insights
support  the rationale for  pharmacological
interventions targeting these systems.

This flowchart illustrates the conceptual structure of
panic disorder and its treatment approach. It begins
with the core condition—panic disorder—and
proceeds to outline the key neurobiological
dysfunctions involved: hyperactivation of the
amygdala, reduced control from the prefrontal cortex,
and neurotransmitter imbalances. These dysfunctions
underpin the disorder's symptoms and justify the
implementation of combined therapeutic
interventions, including pharmacotherapy and
cognitive-behavioral therapy (CBT). The chart
concludes with specific therapeutic techniques such as
progressive desensitization, breathing retraining, and
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mindfulness-based interventions, which
operationalize the combined treatment model to target
both cognitive and physiological aspects of panic
disorder.
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Figure 1. Overview of panic disorder
pathophysiology and treatment.

Source: Created by author.

Pharmacotherapy remains a cornerstone in panic
disorder management, with selective serotonin
reuptake inhibitors (SSRIs) considered first-line
agents due to their efficacy and favorable side effect
profiles (Roy-Byrne et al., 2006; Bandelow et al.,
2017). SSRIs modulate serotonergic
neurotransmission to decrease amygdala hyperactivity
and enhance prefrontal control. In contrast,
benzodiazepines, acting as positive allosteric
modulators of GABA A receptors, offer rapid
anxiolytic effects but are limited by risks of tolerance,
dependence, and withdrawal phenomena (Baldwin et
al., 2014; Nutt & Malizia, 2001). Newer agents such
as serotonin-norepinephrine reuptake inhibitors
(SNRIs) have also shown promise, though evidence
remains comparatively limited (Mayo-Wilson et al.,
2014).
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Cognitive-behavioral therapy (CBT) is a highly
effective non-pharmacological treatment modality,
focusing on correcting maladaptive cognitions and
facilitating habituation through exposure-based
interventions (Hofmann et al., 2012). Progressive
desensitization techniques systematically expose
patients to feared interoceptive and environmental
cues, promoting extinction of conditioned panic
responses by dampening amygdala reactivity (Craske
et al, 2014). Additionally, breathing retraining
addresses the common hyperventilation pattern in
panic attacks, normalizing respiratory function and
reducing dizziness and dyspnea symptoms (Meuret et
al., 2010; Ritz et al., 2013).

Empirical evidence from randomized controlled trials
consistently demonstrates that combined
pharmacotherapy and CBT yield superior outcomes
compared to monotherapies in symptom remission,
relapse prevention, and functional recovery (Roy-
Byrne et al., 2005; Mitte, 2005). Neuroimaging studies
provide converging support, showing that combined
treatment facilitates normalization of dysfunctional
neural circuits, including increased activation in
prefrontal regulatory areas and decreased amygdala
hyperactivity (Nakatani et al., 2003; Pannekoek et al.,
2013). These findings underscore the value of
integrative approaches tailored to the neurobiological
and psychological complexities of panic disorder.

Recent advances have explored adjunctive
interventions such as mindfulness-based cognitive
therapy (MBCT) and virtual reality exposure therapy
(VRET), which aim to enhance attentional control and
emotional regulation (Kumar et al., 2013; Freeman et
al., 2017). MBCT integrates meditation practices to
reduce hypervigilance and ruminative thought
processes, which can potentiate panic symptoms.
VRET offers immersive, controlled exposure
environments, allowing safe and graded confrontation
with panic triggers. These modalities complement
traditional CBT and pharmacotherapy, potentially
expanding therapeutic options.

Despite the established efficacy of current treatments,
challenges remain regarding treatment-resistant panic
disorder and comorbidities such as depression and
substance use disorders (Craske et al., 2010).
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Personalized medicine approaches employing
biomarkers derived from neuroimaging, genetic
profiling, and physiological assessments hold promise
for optimizing intervention selection and timing (Ball
et al, 2018). Furthermore, integration of
pharmacological agents targeting novel molecular
pathways, such as glutamatergic modulators, may
offer new therapeutic avenues (Meyer et al., 2014).

In summary, panic disorder involves multifaceted
dysfunctions in the brain’s alert and fear-processing
systems, with amygdala hyperactivity and impaired
cortical control as central features. Pharmacological
treatments targeting serotonergic, GABAergic, and
noradrenergic systems combined with cognitive-
behavioral  strategies, including  progressive
desensitization and breathing retraining, represent the
gold standard in management. Emerging therapies and
precision medicine approaches are poised to enhance
outcomes for individuals suffering from this
debilitating condition. Ongoing research into the
neural mechanisms underlying panic disorder and
treatment response remains critical for advancing
effective and individualized care.
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