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BSTRACT

Traumatic brain injury (TBI) occurs when a blow or jolt to the head or a penetrating injury results in damage to the brain.
It is the most frequent cause of hospitalization in young people with a higher prevalence in men. TBI is the leading cause
of disability and mortality between the ages 1 and 45. TBI can be caused either by the direct result of trauma or due to a
complication of the primary injury. The most common etiological factors for TBI are falls, road traffic accidents, violent
physical assaults, and injuries associated with athletic activities. Following TBI, significant neurologic complications
may occur which include seizures, dementia, Alzheimer’s disease, and cranial nerve injuries. In addition, people may
suffer from various psychiatric complications such as depression, posttraumatic stress disorder, generalized anxiety
disorder, obsessive-compulsive disorder, and other cognitive and behavioral sequel that might significantly increase the
comorbidity of the victims. Considering all of the above complications, TBI is one of the significant public health burdens.
Literature has shown that only about 25% of people achieve long-term functional independence following TBI. In this
paper, we focused not only on the epidemiology but also the etiology, complications following TBI and understanding
their underlying pathogenesis. Further, we focused on analyzing the options to improve the treatment and rehabilitation

following TBI in future.
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EPIDEMIOLOGY

Traumatic brain injury (TBI) primarily refers to the
brain dysfunction caused by external trauma. There
are many forms of traumatic injuries occurring around
the globe, of which TBI is a major controversial health
issue in today’s society. To start with, children while
playing sports at a younger age, a rising number of
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TBIs are taking place which can result in lifelong
consequences. The U.S. emergency forces treat an
estimated 135,000 sports and recreation-related TBIs
per year, among children ages 5-18.I'" High school
football players alone sustain 100,000 full-blown,
diagnosed concussions per year while girls’ soccer
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accounts for nearly 12% of total team sports
concussions compared to 6.6% for boys’ soccer.*
However, TBIs can affect anyone at any age and may
lead to severe complications and disabilities in the
future. TBIs not only have an effect on the patients
but also immensely affect families and friends. Risk
factors that aggravate traumatic outcome are age,
diseases, existing tumor, repeated trauma, and alcohol
abuse.

Annually, 10 million people are affected by TBI all
over the world, of which 5.3 million people are from
the United States.** Every year around 52,000 people
dies from TBI. In addition, every year 100,000 new
disabilities emerge from TBI.®! The total population
suffering from long-term consequences of TBI is
around 2.5 million to 6.5 million.!! Falls are the
most common reason for sustaining TBI in children
aged 0—4 years and adults aged 75 years or older.
According to the Centers for Disease Control and
Prevention (CDC), falls contribute to 40.5% of the
total TBI; other common causes are motor vehicle
accidents 14.3%, struck by/against injuries 15.5%,
assault 10.7%, and unknown 19%. According to
the CDC 2001-2010, TBI rates were 29% higher in
males compared to females in 2010. Alcohol use is
a major factor leading to brain injury. Blood alcohol
concentration was found to be positive in 56% of the
victims.[]

According to the CDC 2012, the economic cost of
medical care of brain injury is staggeringly high: An
estimate of lifetime (direct and indirect) costs of medical
care and lost wages/productivity of patients with TBI is
estimated to be $76.5 billion.®) The financial burden
is further enhanced when victims become vulnerable
to neurological diseases such as seizures, epilepsy,
dementia, and Alzheimer’s disease.[?!°! In addition to
the neurological complications of TBI, psychological,
cognitive, behavioral, and social impairments result
in a significant problem. Approximately, 75% of the
patients suffer from mild injuries known as concussions
and most of the patients with concussions never seek
medical help. As a result, most of the injuries never get
diagnosed.!'"'?! Therefore, the true cost and impact of
TBI may be much higher than the present estimated
cost.

Male adolescents, young adults ages 15-24, children
ages 5 and younger, and elderly ages 75 years and older
are most at risk for TBIs.["* Since most of the patients
who suffer from TBI are at a younger age group, they
may require prolonged rehabilitation due to a longer

period of disability.

PATHOPHYSIOLOGY AND POTENTIAL
COMPLICATIONS OF TRAUMATIC BRAIN
INJURY

There are many different types of TBIs: concussions
(short loss of consciousness in response to a head
injury); penetrating injuries (foreign object enters the
brain); closed head injuries (blow to the head, skull
is closed); skull fractures (bone fractures or breaks);
hematomas (bleeding in the brain); lacerations (tearing
of blood vessels or tissue); anoxia (absence of oxygen
supply to a tissue); contusions (bruising of brain tissue);
and diffuse axonal injuries, which lead to a breakdown
of neuronal connections.

Concussions are the most prevalent type of TBI.
According to the CDC 2005, the number of children
who visited the emergency room for treatment for
concussion was twice more than the number in 1997.
Concussions remain prevalent among athletes, who
have an increased risk of repeated injury. Similarly,
boxing may cause concussions from a blow to the head
by a fist, causing the tear of bridging veins (subdural
hematoma), microhemorrhages in the brain, and diffuse
axonal injury.[**

Pathological studies of coma patients with diffuse
axonal injuries tested through CT scans showed
widespread white matter axonal damage.l'"*! Diffuse
axonal injuries result from severe acceleration or
deceleration of the head. Patients who have sustained
severe diffuse axonal injuries are typically unconscious
from the moment of impact. They do not experience
lucid interval; instead, patients remain unconscious or
severely disabled until death. Even if patients survive
diffuse axonal injuries, persistent neurologic deficits
remain throughout their lives. Macroscopic appearance
demonstrates focal lesion in the corpus callosum, which
appears as clusters of petechial hemorrhages and could
lead to intraventricular hemorrhage. TBIs also involve
petechial hemorrhages in the brainstem. More severe
damage results in hemorrhagic softening of the dorsal
part of the midbrain. Long-term survivors of diffuse
axonal injury typically show marked cerebral atrophy,
dilatation of the lateral and third ventricle, and thinning
of the corpus callosum. Microscopic appearance showed
diffuse damage to axons in the corpus callosum, superior
parasagittal cerebral white matter, brainstem, and
various tracts.!"”]

TBI patients should be stabilized to prevent further injury:
Receiving proper oxygen supply, maintaining adequate
blood flow, and controlling blood pressure are all crucial
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variables in the management of a traumatic injury. The
Glasgow Coma Scale, which ranges from O to 15 is used
to determine the patient’s TBI severity. Range: 13-15
corresponds to mild TBI symptoms, 9-12 correlates to
moderate disability, 3-8 corresponds to severe disability,
and <3 correlates to a vegetative state and finally death.!"*!
About half of the injured patients require surgery to repair
brain tissue and treat other injuries.!'?!

The most common short-term complications associated
with TBIs include cognitive impairment, difficulties
with sensory processing and communication, immediate
seizures, hydrocephalus, cerebrospinal fluid (CSF)
leakage, vascular or cranial nerve injuries, tinnitus,
organ failure, and polytrauma.l'’] Polytrauma may
include pulmonary, cardiovascular, gastrointestinal
dysfunction, fluid and hormonal imbalances, deep vein
thrombosis, excessive blood clotting, and nerve injuries.
TBI patients tend to have increased metabolic rate,
which leads to an excessive amount of heat produced
within the body. Brain swelling occurs secondary to TBI
and contributes to increased intracranial pressure as a
result of cerebral vasodilatation and increased cerebral
blood flow. Long-term complications associated with
TBIs include Parkinson’s disease, Alzheimer’s disease,
dementia pugilistica, and posttraumatic epilepsy.

Following TBI, there are acute changes in the
neurotransmitters which lead to psychiatric
manifestations by altering the levels of acetylcholine,
norepinephrine, dopamine, and serotonin.
Pharmacological drugs can be used to modify these
neurotransmitters. Neuropsychiatric symptoms can
arise after penetrating or focal trauma as well as
nonpenetrating trauma. Penetrating trauma can produce
psychiatric symptoms depending on the function served
by that particular area (e.g. aggression and behavioral
disinhibition in bifrontal contusion). Symptoms of
nonpenetrating injuries can be explained by cytotoxic
processes such as Ca*? and Mg*? dysregulation,
neurotransmitter excitotoxicity, free radical-induced
injury, and diffuse axonal injury.'%!"]

Catecholamines

Damage to the ascending monoaminergic projections
may cause pathological functioning of the systems
dependent on these pathways.??) Several studies
show that TBI in these areas leads to decrease in
dopamine levels which have bad prognosis.?'*3] Drugs
that increase dopaminergic transmission have shown
improvement in cognitive functions (e.g., arousal, speed
of processing, attention, and memory).

Serotonin
Serotonin pathways to the frontal cortex are interrupted
by contusions as well as axonal injuries causing

dysfunction in neurotransmitter system. These pathways
can also be damaged by secondary mechanisms of
neuronal damage such as excitotoxins and lipid
peroxidation that mediate serotonin.!**! It has been seen
that the levels of lumbar CSF 5-hydroxylindoleacetic
acid (5-HIAA) is less than normal in conscious
patients.?’! In unconscious patients, levels were
found to be normal. 5-HIAA levels in the CSF vary
with the size of lesions, for example, patients with
frontotemporal contusions have shown a decrease in
5-HIAA level whereas increased levels are seen in diffuse
contusions.*!

Acetyicholine

Both acute and chronic changes are evident in
cholinergic cortical transmission after TBI. Acutely,
there is an increase in cholinergic transmission after
TBI followed by chronic reductions in neurotransmitter
function and cholinergic afferents. In the experimental
studies, elevated acetylcholine levels are seen in
interventricular catheters or lumbar puncture in
the acute period after TBI.!*! Chronically following
severe TBI, loss of cortical cholinergic afferents with
concurrent preservation of postsynaptic muscarinic,
and nicotinic receptors are recognized.!*” 2!

PSYCHIATRIC COMPLICATIONS OF
TRAUMATIC BRAIN INJURY

The rates of disorders in patients with TBI are
14%-77% for major depression, dysthymia 2%-14%,
bipolar disorder 2%-17%, generalized anxiety disorder
3%-28%, panic disorder 4%-17%, phobic disorders
1%-10%, obsessive-compulsive disorder (OCD)
2%-15%, posttraumatic stress disorder (PTSD)
3%-27%, substance abuse or dependence 5%-28%,
and schizophrenia 1%.1*”) There are multiple factors
that affect and determine the neuropsychiatric sequelae
of TBI which includes severity and type of injury,
past psychiatric diagnosis, sociopathy, premorbid
behavioral problem (children), social support, substance
abuse, preexisting neurological disorder, age, and
apolipoprotein E status.

In addition, the symptoms of the injury are correlated
with the type of damage sustained. Patients who
suffer from direct axonal injury usually experience
a problem with arousal, slow cognitive processing,
and attention.’’! Age is a significant factor in the
development of psychiatric symptoms, for example,
older people suffering from TBI have a longer agitation
period, greater cognitive impairment and a higher
possibility to develop mass lesions and permanent
disability as compared to younger victims.!*' Damage to
the olfactory nerve located adjacent to the orbitofrontal
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cortex may cause posttraumatic anosmia. Impairment
in olfactory functioning may often occur in patients
with moderate to severe brain injury linked to frontal
and temporal lobe damage [Figure 1].03%%]

Depression

Depression is a well-known symptom after TBI. Sadness
is the most prevalent reaction after TBI as patients regret
the loss of their past lives. We can evaluate depression
by the Hamilton Rating Scale for Depression!** or the
Beck Depression Inventory.*>! Although these scales
have been reported to evaluate depression after TBI, it is
more important to evaluate the patients clinically. High
scores on the Beck Depression Inventory represents
hyperreactivity to post-TBI symptoms instead of
depression. Patients with TBI may not encounter
typical signs of depression such as somatic symptoms
that are essential to diagnose depression. Mood
liability is a frequent manifestation of depression after
brain injury. The effect and liability of mood are also
seen in temporal limbic and basal forebrain lesions!*®!
and are observed to be responsive to antidepressant
medications. Other symptoms that manifest in brain
injury are apathy, decreased motivation, schizoid
behavior, impaired thought process, and cognitive
dysfunction can resemble depression.”]

Many studies report an increase in the risk of suicide
after TBI. A study of 42 patients with severe TBI shows
that after 1 year 10% of the patients had thought about
suicide, and 2% attempted suicide.l*®) After 5 years of
the incident, 15 individuals attempted suicide. Many
victims also express hopelessness and accept that life
is not worth living.

Mania

Many patients suffer from bipolar disorder or manic
episodes after TBI,*?I but the occurrence is lower as
compared to depression.[*”) Damage to the basal region
of the right temporal lobel*"! and right orbitofrontal
cortex!*? causes the development of manic symptoms

PREVALENCE OF PSYCHIATRIC DISORDERS POST TBI

Figure 1: Prevalance of psychiatric disorders post TBI

post-TBI in patients with a positive family history of
bipolar disorder.

Posttraumatic delirium

Patients present with delirium when they are regaining
consciousness from the coma. The typical symptoms
shown are restlessness, confusion, disorientation,
hallucinations, agitation, and delusions. Delirium
occurs by the effect of injury on brain tissue chemicals.
However, there are other mechanisms that can cause
posttraumatic delirium in TBI patients. For example,
mechanical effects (acceleration or deceleration
contusion), cerebral edema, hemorrhage, infection,
subdural hematoma, seizure, hypoxia (cardiopulmonary
or local ischemia), increased intracranial pressure,
alcohol intoxication or withdrawal, Wernicke’s
encephalopathy, reduced hemoperfusion due to
multiple trauma, fat embolism, alterations in pH,
electrolyte imbalance, and medications (Steroids,
opioids, barbiturates, and anticholinergics).

Psychotic disorders

The patient can present with psychosis any time after
brain injury, acutely or after several months of normal
functioning.!**! Many of post-TBI disorders such as
mania, depression, and epilepsy can lead to psychotic
manifestations.**) These symptoms can persist
despite improvement in the cognitive deficits caused
by trauma.*># In a study on 2907, war veterans in
Finland, who had a brain injury, 26% of these veterans
had psychotic disorders. Out of these veterans, authors
did a detailed evaluation of 100 veterans and found
that 14% had paranoid schizophrenia.l*®! Schizophrenia
patients may have had a history of TBI in the past which
is not detected unless the clinician asks specifically for
the event of brain trauma. Researchers have found a
correlation between TBI and genetic predisposition to
schizophrenia. A comparison between schizophrenia
and bipolar families was made to know the effect of
TBI on the development of schizophrenia. The result
concludes that members of schizophrenia pedigree,
even those without a schizophrenia diagnosis, have
a higher exposure to TBI as compared with bipolar
disorder pedigrees.!*")

Anxiety disorders

Many anxiety disorders can develop after TBI.*¥) From
a study of 66 patients with TBI, 11% of the patients
developed generalized anxiety disorder in addition
to major depression.*) In a study which evaluated
120 soldiers suffering from moderate to severe TBI, 9%
developed a panic attack.’") After 1 year of registration
in the study of cognitive rehabilitation, 15% fulfill
the criteria of generalized anxiety disorder. In another
study conducted on patients with TBI, 18% developed
PTSD, 14% developed an OCD, 11% developed panic
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disorder, 8% developed generalized anxiety disorder,
and 6% developed phobic disorder.>"!

In TBI patients, PTSD is very common.P? A 2-year
study conducted on 79 patients who sustained mild
TBI showed that acute stress disorder developed in 14%
of the patients within 1 month of the trauma. After
2 years, 73% of the patients with acute stress disorder
developed PTSD.* In 96 patients who encountered
severe TBI, 26 (27.1%) developed PTSD.’* The
development of PTSD in a patient depends on the
severity of TBI. PTSD patients who show signs of
memory deficits have temporal lobe injury.>) Imaging
studies exhibit small hippocampal volumes in PTSD
patients.

Substance abuse

TBI and substance abuse disorders often co-occur.
Persons with histories of alcohol or other drug abuse
are at higher risk of sustaining TBI, and individuals
with TBI commonly misuse substances before and
after injury. Risk-taking behavior can be a direct result
of substance abuse disorders, and risky behaviors
may lead to subsequent injury or continued use of
substances. The complications of moderate to severe
TBI are well described, but the long-term effects
associated with mild TBI are unclear. Alcohol and drug
uses are well recognized to increase the risk of TBI,
but the reverse pattern is debatable. According to a
research study,® there is an enhanced risk for alcohol
addiction, nondependent abuse of drugs, and nicotine
dependency during the first 30 days following mild TBI
and risk for alcohol dependence for at least 6 months
after injury. In addition, studies have also shown that
TBI in childhood, adolescence, and early adulthood
is associated with increased criminal behavior and
substance abuse.®”! However, early substance abuse is
also a mediating factor for those injured early in life.
Furthermore, according to another study; frequent binge
drinking was reported in deployed military personnel
who had experienced combat-acquired TBI and even
mild TBI with altered consciousness.>®) Therefore, it is
highly likely that a very high proportion of individuals
who have been hospitalized for TBI will be at risk
of developing a substance abuse after the injury,
either because they had one before or because of the
vulnerabilities created by the injury itself.

Sleep disorder

Disturbance of sleep pattern is a common complaint in
patients with TBI. Patients complain about disturbed
sleep patterns, hypersomnia, and difficulty maintaining
sleep.?l' A study was conducted in which, 91 patients
who are admitted to a neuro-rehabilitation outpatient
clinic were assessed. Mild brain injury and coexistence
with depression (as evaluated by the score on the

Beck Depression Inventory) showed a correlation with
insomnia.[®) Another study!®! evaluated 184 patients
with TBI and hypersomnia in which they used
Multiple Sleep Latency Test to checlk abnormalities.
The most common symptom seen was sleep-disordered
breathing (59/184 patients). Lack of motivation and
apathy are symptoms of depression, and it is crucial
to differentiate it from hypersomnia. Pain can cause
insomnia too, so it should also be ruled out.

Cognitive and behavioral sequel of traumatic brain
injury

Attention and memory deficits are the most common
cognitive difficulties reported by patients and their
families after the TBI. This could be due to primary
brain damage or due to secondary factors such as sleep
disturbance. Executive functioning impairment is the
next important under evaluated cognitive sequel of the
TBI. The executive functioning is mainly controlled
by the prefrontal cortex. Deficits in the executive
functioning hamper the individual’s ability to focus
and organize to accomplish tasks. These functions are
critically essential to have a good quality of life, job
performance, social life, and perform other functions

of daily living.

In behavioral domain, they mainly suffer from
disturbances related to aggression and impulsivity
which not only affects patients but also the family and
friends. Patients who suffered TBI may have irritability,
aggressive behavior, and agitation.[®?) Aggression can
range from irritability to outbursts that would result
in the destruction of property or assaults on others.
Irritability or bad temper is very common in patients
after the acute phase of TBI. A study was conducted on
TBI inpatients, which showed that there is a significant
correlation of aggression with other conditions such as
new-onset major depression and impaired psychosocial
functioning.!®® The other important behavioral sequel
of TBI is OCD, although it is rare.

Focal brain lesions and diffuse damage to the central
nervous system show explosive and violent behavior.[¢*!
It is very vital to distinguish aggressive behavior from
mood liability based on characteristic behavioral features
that are present in patients having aggressive behavior.
162 Typically, aggressive behavior presents as a reactive
type of violence is seen (triggered by simple stimuli). It
is always nonreflective and prior planning of the actions
is absent. Nonpurposeful aggression does not have
any sense of long-term aims or goals. The violence is
periodic, whereby there are brief episodes of aggression
and rage followed by long periods of calm behavior. It is
egodystonic; the patient is often embarrassed or upset
after the scenario. Finally, it is usually explosive and
sudden, occurring without any buildup.
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DISCUSSION

Falls and Motor Vehicle accidents are major causes of
TBI which can be prevented by appropriate primary
prevention methods. Further after the occurrence
of TBI, prompt treatment intervention is equally
important. Rapid identification and stabilization of
patients with severe TBI are essential for the effective
initial management of focal injuries, conditions that
contribute to secondary brain injury and also prevent
the unwanted sequel. However, the outcome from
severe head injury is dependent on a different range
of factors including baseline patient characteristics,
preexisting medical conditions (diabetes, heart
disease), the severity of TBI, occurrence of medical
complications, and secondary brain insults following
the injury. Apart from all these, the heterogeneity
of severe head injury makes it difficult to apply the
clinical decision-making in individual patients. Recent
studies have focused on the potentiality of biomarkers,
such as the levels of S-100 B protein, neuron-specific
enolase, and o-synuclein in the blood and/or CSE to
predict the neurological outcome. Further extensive
research is needed to understand if these biomarkers
can be targeted specifically to modify the treatment
intervention and also affect prognosis following TBI.

Appropriate measures should be taken to expand
knowledge about evidence-based interventions to
prevent secondary injury associated with TBI to
maximize neurocognitive recovery and increase
functional independence. Healthcare providers have
to be necessarily trained to promote prevention, early
intervention, appropriate use of assessment scales, and
effectively implement acute and rehabilitation therapies.
An intensive team approach is needed to collaborate
with the expertise of psychiatrists, neurologists, and
psychologists for the efficient management of the
patients. A careful assessment is required to get an accurate
description of patient’s functional and neurobehavioral
status after the injury. Patients experiencing suicidal
thoughts need aggressive psychological rehabilitation
and care. In addition, caregivers have to be trained
specially to take care of such patients. Future studies are
to be focused on understanding if there are improved
outcomes in the patients who are under the care of such
trained caregivers. Such studies proved with evidence
can help us focus on improving the quality of life for
both the patients and also the caregivers. In conclusion,
collaborative efforts are needed to continue and support
research in this field in future, for accommodating better
treatment and rehabilitative options to the patients who
suffer TBI.
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