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CEREBRAL AUTOREGULATION AND
CARDIOVASCULAR PHYSIOLOGY
DYSFUNCTION IN TRAUMATIC BRAIN INJURY
CASES: A BRIEF REVIEW

ABSTRACT |

Introduction: Traumatic brain injury (TBI) is one of the leading causes of death and disability in
the early years of life. Post-TBI physiological alterations vary across adult and pediatric patients
and severity. This disease affects the quality of life of most people. Acute hemiparesis can
cause cognitive impairments. It may also impact mood, memory, and decision-making.
Furthermore, parasympathetic dysfunction and sympathetic activation appear to contribute to
cardiac injury via modulation of the myocardial inflammatory response via acetylcholine
receptors.

Purpose: This review aims to explain the neuronal response and cardiac biomarkers after
traumatic brain injury cases.

Methods: The review used Pubmed and Google Scholar to search for articles on traumatic
brain injury, neuronal response, and cardiac biomarkers. The articles were chosen for their
language, publishing, content, exposure, and outcome. The main reference is obtained from up
to 60 articles that meet the inclusion requirements.

Results: TBI can cause localized brain injury or diffuse brain injury from physical trauma such
as diffuse axonal injury or brain edema. Repeated concussions raise the likelihood of chronic
neurological, cognitive, and behavioral issues. Stress-induced catecholamine surges and
inflammatory mediator production in response to trauma may also endanger cardiac
disturbances.

Conclusion: The brain and heart work together to preserve tissue homeostasis after TBI. The
expression of biomarkers that detect brain and nerve tissue damage proves this illness.
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1. INTRODUCTION

Traumatic brain injury (TBI) is caused by an external force on the brain, causing cognitive, physical, and psychosocial
functioning problems. TBI is one of the leading causes of death and disability in the adolescent years. (1,2) TBI occurs in
approximately 102 people per 100,000 in the United States each year, with 80,000 developing long-term disability. (3)

TBI is caused by motor vehicle accidents, falls, gunshot wounds, work injuries, and sports injuries. Substance addiction
and alcoholism are risk factors.(3) TBI has two main mechanisms: primary and secondary injury. Brain edema is caused
by localized brain damage caused by contact-type injury and intracranial haemorrhage induced by
acceleration/deceleration type injury. Following the first hit, a molecular, chemical, and inflammatory cascade causes



further cerebral damage. (4) The severity of post-TBI physiological alterations in many organs varies between adults and
children.

The diffuse injury occurs more frequently in young patients than focal injury in adults. Insensible fluid and heat loss and
hypothermia will have a greater impact on youngsters than adults. In fact, post-TBI pediatric patients' CBF and volume
alterations differed across young children, older children, and adults. (5) TBI also causes a systemic inflammatory
response syndrome, which leads to organ system dysfunction and failure. (6) Post-TBI individuals experience
physiological or anatomical changes that impact their quality of life. There are cognitive, behavioural, and hemiparetic
consequences. It may also impact mood, memory, and decision-making.

PSH (paroxysmal sympathetic hyperactivity) can occur in TBI patients. Surprisingly, this syndrome is marked by
decerebrate body posture and paroxysmal tachycardia. The syndrome is linked to a worse prognosis and more extended
hospital stays. (7—9) Furthermore, parasympathetic dysfunction and sympathetic activation appear to contribute to cardiac
injury via modulation of the myocardial inflammatory response via acetylcholine receptors. Uncontrolled myocardial
inflammation causes myocardial dysfunction and cell death. (9)

Post-TBI cardiovascular problems increase morbidity and mortality. Hypertension, hypotension, ECG alterations, cardiac
arrhythmias, indicators of cardiac damage, and left ventricular failure are all possible. Because the anomalies are usually
reversible, the focus should be on general supportive care and treating the underlying brain injury. cTnl elevation has
been found in 20—68% of individuals. (6,10) cTnl is 100 percent sensitive and 86 percent specific for detecting LV
dysfunction, compared to 29 and 100 percent for CK-MB. A high cTnl response is an independent predictor of acute
regional wall motion abnormalities (WMAS) and is associated with an elevated risk of death and poor functional outcome
in survivors. Decreased sensitivity of the heart to catecholamines following brain injury. Elevated BNP levels are also
linked to LV dysfunction. SAH increases the risk of cardiovascular comorbidities, hospital stays, and poor outcomes or
mortality linked with cardiac arrhythmias. Increased circulating cTnl is a marker of poor cardiac performance in SAH
patients, including ST-segment elevation in MI, progressive myocardial hypertrophy, fibrosis, and cardiovascular mortality.
(11)

The variability of TBI makes it difficult to quantify damage and predict patient fate. The variability of TBI makes it
challenging to measure trauma and predict patient outcomes appropriately. Studies suggest that negative TBI outcomes
(including disability, low life satisfaction, and memory loss) increase in prevalence with TBI severity. (12) This review
seeks to explain cerebral autoregulation and cardiovascular dysfunction following TBI.

2. METHODS

The literature search in this review was carried out using Pubmed and Google Scholar databases with three main
keywords: traumatic brain injury, neuronal response after TBI, and cardiac biomarkers in TBI cases. The articles were
selected based on language, type of publication, suitability of methods, characteristics of the subject, exposure, and
outcome. All references that match the inclusion criteria are processed using the Mendeley® citation manager, whereas
66 articles are obtained as the main reference.

3. RESULTS AND DISCUSSION

Traumatic brain injury (TBI) is the primary cause of disability and mortality in the United States. (13,14) Dewan et al.
estimated that 69 million TBIs occur annually, most of which are mild. (15) In 2019, 60,611 people died from traumatic
brain injury, compared to 60,565 in 2018, with the greatest mortality rate per 100,000 population being 76.7 percent in
2019. TBIs were most commonly caused by car accidents and falls, with gunshot wounds being the most lethal. Although
TBI morbidity and death are high in low- and middle-income nations, new public health breakthroughs and policies appear
to reduce TBI mortality effectively. (16)

TBI is classified as mild, moderate, or severe based on clinical variables such as consciousness length and severity. The
Glasgow Coma Scale (GCS) can be used to stratify TBI severity after resuscitation. A GCS score of 13-15 is mild, 9-12 is
moderate, and 3-8 is severe. (17,18) Symptoms range from physical to cognitive and behavioural issues. Mild TBI
demands speedy recovery, whereas severe TBI necessitates an extended stay in the ICU (ICU). (12,19)

3.1 Biomechanisms of TBI
TBI can cause localized brain injury (contusion, laceration, and intracranial haemorrhage) or diffuse brain injury

(accelerated/decelerated) from physical trauma (diffuse axonal injury or brain edema). TBI can be caused by impact,
inertia, penetration, or blast overpressure. The force of rotation, translation, or deceleration induced by blunt trauma



damages brain tissue. These forces enhanced intracranial tension by lowering the brain's latency behind the skull during
rapid movement. These stress gradients cause axonal damage by stretching and shearing axons. (12,20)

Using six post-mortem head and neck cadavers, Alshareef et al. discovered that brain movement is dependent on axial
rotation, resulting in massive brain displacement. The test displaced the mid-cerebrum the most, while the cerebellum and
brainstem shifted less. Greater mobility in the brain was observed with higher angular velocity and shorter pulse length.
(21)

Repeated concussions increase the likelihood of chronic neurological, cognitive, and behavioural problems. Several
studies examining the effects of repeated concussions in animal models using imaging or molecular methods have
demonstrated significant behavioural disturbances and microglial activation after brain damage. Mild TBI in a mouse
model causes short-term brain structural and histologic changes, learning and memory deficits, and impaired motor skills,
which appear identical to mild TBI in humans. (22,23) Unusual neuroimaging findings in individuals and athletes who had
repeated head injuries as opposed to older age groups. A retired athlete with a history of concussions suffers memory,
psychomotor, and cognitive issues. (24—26)

3.2 Pathophysiology and Cerebral Autoregulation of TBI

TBI causes primary and secondary brain damage. (27) Secondary brain injury occurs when numerous mechanical
stresses cause brain tissue destruction, decreased cerebral blood flow, and metabolic changes. Secondary brain injury is
a pathological response to an initial brain injury that includes changes in cerebral blood flow, vasospasm, BBB disruption,
and edema. (28,29) The purpose of therapy and management is to prevent subsequent brain injury. TBI alters cerebral
blood flow and impairs cerebral autoregulation (12,14,30—32). Most severe TBI patients have brain autoregulation issues.
(33,34) Any changes that occur in blood pressure or metabolism, the brain will use cerebral autoregulation mechanisms to
maintain oxygen and cerebral blood flow to meet the brain's needs. Autoregulation is thought to have four mechanisms.
The myogenic mechanism by which changes in transmural pressure can cause vascular smooth muscle to contract.
Nerve supply to cerebral blood vessels is a neurogenic mechanism. For example, activation of alpha adrenoceptors
enhances inhibition of autoregulation, causing cerebral vasoconstriction. Metabolic systems can contribute to
microvascular autoregulation when changes in the microenvironment, such as pCO2 and H+, cause vasodilation. The
endothelium also secretes vasodilators such as nitric oxide and vasoconstrictors such as endothelin-1 and thromboxane
A2, which modulate cerebrovascular tone. (35,36)

Normal cerebral blood flow is between 50 and 150 mmHg CPP or 60 and 160 mmHg MAP (MAP). Hypoperfusion (CBF
15 ml/100g/min) causes cerebral ischemia. Early hyperperfusion or hyperemia in TBI patients (CBF > 55 ml/100 g/min)
can worsen patient outcomes by increasing the likelihood of increased cerebral blood volume (CBV) and intracranial
pressure (ICP). CBF and CPP can predict patient outcomes. Early-stage severe TBI patients with Xenon-Computed
Tomography had reduced CBF. (36-40) Cerebral perfusion pressure is stimulation that triggers an autoregulation
response of the cerebrovascular system. (32)

Reduced cerebral perfusion pressure induces cerebral vein dilatation and hence increased cerebral blood volume. In
general, lower cerebral perfusion pressure means lower baseline vascular pressure. Hyperperfusion above the
autoregulation limit may cause hyperemia. In fact, a decline in SAP below the normal level can cause brain ischemia.
(4,30) CO2-reactivity and hyper- or hypocapnia-induced dilatation and constriction of cerebral blood vessels are needed
for sufficient CBF. Vasoconstriction induces hypocarbia, decreasing CBV and CBF. Hypoventilation causes blood vessel
dilation, raising CBV and ICP. (18,28,30,41)

In normal brain conditions, cerebrovascular autoregulation mechanisms will maintain a constant cerebral blood flow,
despite changes in systemic blood pressure. In the first phase, CPP initially decreases due to reduced systemic blood
pressure and autoregulatory vasodilation, which aims to maintain cerebral blood flow, leading to increased ICP;
Therefore. In the later phase, as ICP continues to rise, CPP falls below the ischemic threshold, and to re-establish normal
CPP, systemic blood pressure then rises. In the last phase, autoregulatory vasoconstriction occurs to stabilize the balance
between systemic blood pressure and CPP. In the injured brain, these autoregulatory mechanisms are often impaired,
and significant increases in systemic blood pressure are referred directly to the cerebral capillaries, resulting in a
breakdown of the blood-brain barrier, worsening cerebral edema, and increased ICP.(42) Hypocapnia and
hyperventilation have been demonstrated to lower ICP and prevent hypotension in TBI patients. (34,43—-45) TBI causes
massive excitatory neurotransmitter release, especially glutamate. Extracellular glutamate causes overstimulation of
ionotropic and metabotropic glutamate receptors with Ca+, Na+, and K+ movements. To compensate for the ionic pump
Na+/K+-ATPase movement, cells, particularly astrocytes, engage in catabolic cycles, resulting in an unending metabolic
stream that isolates cells. (4,35,46,47) Furthermore, extracellular K+ increases with Na+/K+-ATPase pump failure, adding
to cerebral edema. (47) Edema is an increase in brain tissue fluid, including individual cells and interstitial space.



Vasogenic and cytotoxic edema. Vasogenic edema occurs when liquid accumulates in the perivascular region, causing
alterations in CBF and increased intracranial pressure (ICP). Particle channels activated by cytotoxic edema cause a flood
of water into the intracellular space of several cell types, further disrupting the BBB.(47,48)

3.3 Autonomic Nervous System and Cardiovascular Dysfunction

This system includes the insular and medial prefrontal cortex, cerebral amygdala, terminal stria, hypothalamus and
periaqueductal grey tissue. (49,50) The amygdala is thought to modulate autonomic, endocrine, and cardiovascular
responses. The autonomic nervous system is divided into two parts: sympathetic and parasympathetic (PNS). The
parasympathetic nervous system (PNS) has less influence on peripheral blood vessels and is active under calmer
conditions. The ANS innervates cardiac muscle, smooth muscle, and different endocrine and exocrine glands, regulating
the actions of most tissues and organ systems. The ANS regulates blood pressure, digestion, bladder contraction, eye
focus, and body temperature. (50)

The hypothalamic—pituitary—adrenal axis regulates stress, exercise, and metabolism. The suprachiasmatic nucleus
releases C-reactive protein, which stimulates the adrenal gland to release cortisol. Stress causes an increase in a
sympathetic tone which causes heart enlargement and myocardial ischemia. However, studies have indicated that cardiac
abnormalities, particularly autonomic dysfunction, are related to higher mortality and morbidity in TBI. (9,50-53)
Hypothalamic and insular cortex injuries increase the risk of cardiac issues such as blood pressure changes, arrhythmias,
and myocyte death. (49,50)

In response to trauma, stress-induced catecholamine surges and inflammatory mediator production may also endanger
cardiac myocytes. TBI and SAH create a systemic catecholamine "storm" that activates the adrenal glands and increases
sympathetic outflow. (6,49) Following a TBI, neurogenic variables such as increased catecholamine release and
inflammation may cause systemic issues. (54) As a whole, brain damage can cause systemic abnormalities such as
increased sympathetic activity and immune system depression causing hypertension, tachycardia, arrythmia, and an
increase in oxygen demand, which can lead to subendocardial ischemia and ventricular dysfunction. This is due to
unopposed peripheral vasodilation and heart failure. Regular vasopressotr/inotropic medication usually lowers arterial
pressure. Norepinephrine is routinely used after a TBI to regulate arterial pressure and CPP reliably. (49,55) Systolic
dysfunction following a TBI is problematic because it may contribute to secondary brain injuries, as adequate cardiac
output is critical in maintaining cerebral blood flow after injury. Early hypotension and hypertension after TBI are also
harmful because they are both linked to poor outcomes after TBI. Krishnamoorthy et al. found that thirty-two patients were
included, and 7 (22 %) developed systolic dysfunction after TBI. Patients who developed systolic dysfunction experienced
early elevation of systolic blood pressure (SBP), mean arterial pressure (MAP), and heart rate, compared to patients who
did not develop systolic dysfunction (P<0.01 for all comparisons). (56)

3.4 Paroxysmal sympathetic hyperactivity

TBI, stroke, anoxic brain injury, tumors, infections, spinal injuries, and serotonin syndrome are all examples of PSH. The
prevalence of PSH ranges from 8—to 33 percent, with TBI accounting for 79.4 percent of cases. PSH affects 80 percent of
patients with moderate to severe TBI and 15-33 percent of patients with severe TBI. After traumatic brain injury (TBI),
paroxysmal sympathetic hyperactivity (PSH) has been described as being associated with hyperthermia, hypertension,
tachycardia, tachypnea, diaphoresis, dystonia (hypertonia or spasticity), and even motor features such as extensor/flexion
posturing.(57) The pathophysiology of PSH is unknown, but the dominant theory suggests that the central autonomic
network (insular cortex, amygdala, hypothalamus, medulla, periaqueductal gray matter, parabrachial complex, and
nucleus of the hypothalamus) fails.(58)

There is no widely accepted treatment algorithm for PSH. Treatment aims to reduce associated adverse events such as
cardiac hypertrophy, dehydration, muscle wasting, contractures, and delayed recovery, contributing to increased
morbidity. Multiple medications are frequently required to control the various symptoms. Bromocriptine, a dopaminergic
agent, has been shown to reduce body temperature and sweating. Clonidine and other alpha agonists reduce heart rate
and blood pressure.(59) Beta-blockers protect the heart by lowering heart rate, perfusion volume, and mean arterial
pressure. This effect reduces myocardial oxygen consumption, preventing a heart attack. Beta-blockers also have a
neuroprotective effect by lowering cerebral blood flow, lowering cerebral consumption of oxygen and glucose as
metabolism slows.(58)

3.5 Electrocardiographic (ECG) Abnormalities



Electrocardiographic (ECG) changes, including morphological changes and rhythm disturbances, are common in TBI.
Several studies have shown ECG changes in patients with severe traumatic brain injury and are associated with cardiac
dysfunction and increased hospital mortality.(52,53,60) Repolarization abnormalities such as QT interval prolongation and
changes in ST-segment and T wave morphology are the most common ECG changes in patients with SAH and
intracerebral hemorrhage (ICH). ST segment changes, flat or inverted T waves, prominent U waves, and QTc interval
prolongation (QTc is the QT interval corrected for heart rate) are the most common findings. (61,62) Prolonged QT
repolarization abnormalities and morphological late repolarization abnormalities (MERA), but not ischemic-like ECG
changes, are associated with cardiac dysfunction after isolated TBI. (53) A study of 198 adult patients admitted to the ICU
with TBI showed ECG abnormalities consisting of impaired ventricular repolarization, conduction disturbances, QTc
prolongation and arrhythmias. Arrhythmias are found more frequently in patients with diffuse brain injury. Even so,
abnormalities on the ECG cannot pinpoint the location of the lesion in the brain. (60) A 12-lead ECG may be a helpful
screening tool for isolated TBI patients with heart abnormalities prior to additional diagnostic investigations or therapies.

3.5 Cardiac Biomarkers in TBI

TBI has a progressive pathology: alterations occur over time and follow the initial trauma. An objective indicator of normal
biological processes, pathogenic processes, or response to exposure or intervention (including therapeutic intervention) is
a biomarker. (63) To diagnose myocardial damage and LV dysfunction, cardiac troponin | (cTnl) is preferred over CK-MB.
CK-MB can elevate due to skeletal muscle injury, renal failure, intramuscular injection, intense activity, and exposure to
toxins and drugs. (64) High troponin levels have been identified in traumatic and nontraumatic brain injuries. Acute
myocardial injury produces serum cardiac troponins, which are solely produced by wounded myocardial cells. According
to a pooled research, Higher cTn is strongly related with a high death rate in patients with TBI. (65) Myocytes produce
BNP (B-type natriuretic peptide) and are elevated in conditions of heart disease, sepsis, stroke, TBI, and blood-brain
barrier disorders. Elevated serum BNP are associated with LV dysfunction. (6,66)

4. CONCLUSION

Cerebral autoregulation and heart have a synergistic relationship in maintaining tissue homeostasis after TBI. This
condition is proved by the production of biomarkers that can be detected specifically for damage to brain and nerve tissue.
Specific follow-up studies looking at more general biomarkers will greatly assist in the diagnosis of TBI brain damage.
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