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Introduction

Post-Concussion Syndrome (PCS) refers to the prolonged
symptoms that persist for weeks, months, or even years following
a mild traumatic brain injury (mTBI), commonly known as a
concussion. While physical symptoms such as headaches, dizziness,
and fatigue are common, the neuropsychiatric sequelae, including
depression, anxiety, and cognitive impairments, often have a more
profound and lasting impact on patients’ quality of life. Despite being
a mild form of brain injury, PCS can cause significant emotional and
cognitive disruptions, with its neuropsychiatric effects sometimes
persisting long after the physical symptoms resolve. Understanding
these neuropsychiatric sequelae is critical for developing effective
treatment strategies and improving patient outcomes [1].

PCS is defined by the presence of symptoms that continue for
more than three months after a concussion. These symptoms can affect
various domains, including cognition, emotion, and physical well-
being. Cognitive impairments, mood disorders (such as depression
and anxiety), and emotional dysregulation are common complaints
in PCS patients. PCS is particularly challenging because there is no
single diagnostic test to confirm it, and its symptoms overlap with
many other psychiatric and neurological disorders [2].

While most people recover from a concussion within a few weeks,
approximately 10-20% of individuals develop PCS, with women, older
adults, and individuals with a history of previous concussions being
at higher risk. The exact mechanisms behind PCS are still not fully
understood, but emerging research suggests that disruptions in brain

function, neuroinflammation, and alterations in neurotransmitter
systems play a role in its persistence [3].

Depression is one of the most common neuropsychiatric outcomes
following a concussion, and it can significantly exacerbate the overall
burden of PCS. Patients with PCS may experience symptoms of
sadness, hopelessness, lack of motivation, and difficulty enjoying
previously pleasurable activities. These symptoms can be particularly
troubling because they not only affect emotional well-being but also
hinder the recovery process from physical symptoms [4].

Several mechanisms contribute to the onset of depression after a
concussion. First, the injury itself can disrupt brain regions associated
with mood regulation, such as the prefrontal cortex, limbic system, and
hippocampus. These regions are critical for maintaining emotional
balance, and any disruption in their function can lead to depressive
symptoms. Additionally, concussions can result in neurochemical
imbalances, particularly in serotonin and dopamine levels, which are
critical for mood regulation. Chronic neuroinflammation, a known
consequence of mTBI, can further contribute to the development of
depression by increasing the release of pro-inflammatory cytokines
that negatively affect mood [5].

Depression following a concussion is also associated with a
heightened sense of frustration and loss of control, as patients
struggle with ongoing symptoms and the inability to return to their
normal lives. This prolonged recovery period can reinforce feelings
of helplessness, perpetuating the cycle of depression. In addition to
depression, anxiety is another common neuropsychiatric sequela
of PCS. Patients may experience generalized anxiety, panic attacks,
or heightened worry about their health and recovery. Anxiety in
PCS can manifest as constant feelings of dread, nervousness, or an
overwhelming fear of re-injury. This anxiety can interfere with sleep,
exacerbate cognitive impairments, and create a vicious cycle where
heightened anxiety worsens physical symptoms such as headaches
and dizziness [6].

The underlying causes of anxiety in PCS are similar to those of
depression, involving disruptions in brain circuits that regulate stress
and fear responses, such as the amygdala and prefrontal cortex. Post-
injury neurochemical changes, particularly in gamma-aminobutyric
acid (GABA) and norepinephrine systems, are also implicated in
heightened anxiety responses. Social isolation and role changes are
additional contributors to anxiety in PCS patients. The inability to
work, participate in social activities, or engage in physical exercise can
lead to increased worry and stress. Furthermore, patients may develop
health-related anxiety or “concussion phobia,” where they become
overly preoccupied with the fear of suffering another concussion,
further limiting their ability to engage in daily activities [7].

Cognitive impairments are hallmark symptoms of PCS and can
manifest as difficulties with memory, attention, concentration, and
executive functioning. Even after the acute phase of a concussion
has passed, patients often report “brain fog,” difficulty focusing, and
slower processing speeds, which can significantly impact their ability
to perform daily tasks, work, or study. The cognitive deficits in PCS
are primarily due to disruptions in the brain’s white matter integrity,
which plays a critical role in communication between different brain
regions. Imaging studies have demonstrated that concussions can
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cause diffuse axonal injury, resulting in microstructural damage to
white matter tracts. This damage can impair the brain’s ability to
process and relay information efficiently, leading to the cognitive
deficits observed in PCS [8].

Additionally, the hippocampus, a region vital for memory and
learning, is particularly vulnerable to damage from concussions.
Concussive injuries can lead to reduced hippocampal volume
and impair neurogenesis, the process by which new neurons are
formed in the brain. These changes can contribute to memory
problems and difficulties with learning new information. Chronic
neuroinflammation is another key factor in cognitive impairment
following a concussion. Pro-inflammatory cytokines released after
brain injury can interfere with synaptic function and plasticity,
leading to cognitive deficits. Moreover, persistent headaches and
sleep disturbances, common in PCS, can further exacerbate cognitive
dysfunction by impairing the brain’s ability to rest and recover [9].

The neuropsychiatric sequelae of PCS are multifactorial, involving
both structural and functional changes in the brain. Disruptions in
the brain’s neurotransmitter systems, particularly those involving
serotonin, dopamine, and GABA, are central to the development
of mood and anxiety disorders. Neuroinflammation, caused by the
brain’s response to injury, also plays a significant role in perpetuating
cognitive and emotional symptoms. Moreover, the hypothalamic-
pituitary-adrenal (HPA) axis, which regulates the body’s response
to stress, can become dysregulated following a concussion. This
dysregulation leads to altered cortisol levels, which can negatively
impact mood, increase anxiety, and impair cognitive function [10].

Conclusion

Post-Concussion Syndrome presents a significant challenge
for individuals recovering from a mild traumatic brain injury.

The neuropsychiatric sequelae, including depression, anxiety,
and cognitive impairments, can have lasting and debilitating
effects on a patient’s quality of life. Understanding the underlying
neurobiological mechanisms, such as neurotransmitter imbalances,
neuroinflammation, and structural brain changes, is crucial for
developing effective treatment strategies.
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