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Abstract

Background

Traumatic brain injury (TBI) is a serious public health concern that accounts for one-third of all
unintended trauma-related deaths worldwide. Even in the absence of direct damage to extracranial
organs, 89% of patients with severe TBI can experience substantial organ dysfunction. Organ
dysfunction can occur at any phase of the treatment period, from acute setting to rehabilitation.
The cardiovascular manifestations related to nontraumatic head disorders (e.g., ischemic stroke or
aneurysmal subarachnoid hemorrhage) are commonly known. Some studies have also reported on
cardiovascular manifestations in TBI patients. However, the relationship between cardiac
dysfunction incidence and the severity of intracranial injury has been less studied. In particular,
the relationship between intracranial hypertension and cardiac dysfunction has received little
attention. In the present study, we address the abovementioned literature gap by undertaking the
following research objectives: 1) determining the incidence of cardiac dysfunction in patients with
TBI; 2) characterizing the types of ischemic, myocardial, and electrical cardiac dysfunctions; 3)
determining the risk factors for developing cardiac complications; and 4) measuring the possible

impact of cardiac dysfunction on patient outcomes.
Methods

In this retrospective observational research, we studied adult patients with acute TBI that required
cardiac monitoring and who were admitted to the emergency room between April 1, 2016 and
March 31, 2018. We used the Provincial Trauma Registry, the TBI database, and the OACIS
electronic medical record system to collect the data of patients with traumatic injuries, including
age, gender, mechanism of trauma, initial Glasgow Coma Scale (GCS), injury severity score,
associated injuries, medical history, brain computed tomography (CT) scan findings, troponin and
creatine kinase levels, laboratory test results, as well as the incidence of intracranial hypertension
and its duration and severity. We employed electrocardiograms and echocardiograms to detect
cardiac electrical and myocardial abnormalities. Based on the impaired levels of cardiac enzymes
and electrical and myocardial abnormalities, we identified cardiac dysfunction in the patients. We

further considered previous records of cardiac disease in the patients’ understudy. We used



multiple logistic regression analysis to investigate the relationship among the variables indicated
in the research objectives outlined above.

Results

A total of 921 met the criteria for participation in the study. Among them, 28.7% had previous
cardiovascular dysfunctions. Cardiac dysfunction was observed in 63.8% after admission. We
found that 9.6% of the patients had ischemic cardiac dysfunction, 57.4% had electrical
dysfunction, and 0.4% had myocardial dysfunction. The results show a lower prevalence of cardiac
dysfunction in older patients and those with cardiac risk factors (P-value = 0.0007 and 0.0004,
respectively). Findings indicate a relationship between the patients’ initial GCS and the occurrence
of cardiac dysfunction (P-value = 0.0607). Meanwhile, we found no significant relationship
between cerebral hemorrhage and incidence of cardiac disorders. In addition, no meaningful
relationship was found between intracranial hypertension and occurrence of cardiac dysfunction.
The findings further demonstrate that patients with orthopedic problems (including fractures) are
more likely to develop cardiac dysfunction. In terms of patient outcomes, we found an inverse
relationship between high serum creatinine kinase and troponin levels and the patients’ Glasgow
Outcome Scale (GOS) (P-value = 0.017 and 0.000, respectively). The results also show that the
impact of cardiac arrhythmia and ST segment changes on the GOS level is significant (P-value =
0.002 and 0.006, respectively).

Conclusion

In this study, we found that a large portion of patients with TBI developed cardiac dysfunction
(63.8%). Our findings indicate that a relationship exists between initial GCS level and cardiac
dysfunction. However, there was no statistically significant relationship between cerebral
hemorrhage and increased intracranial pressure with the occurrence of cardiac disorder. This could
be ascribed to the limited number of patients with high intracranial pressure in our sample. In
addition, the presence of underlying cardiac risk factors was inversely related to the occurrence of
cardiac dysfunction. The small sample size for certain variables, such as injury severity score, is a

limitation of this study.



Résumé
Contexte

Les Iésions cérébrales traumatiques (LTC) sont un probléme de santé publique important qui est a
l'origine d'un tiers de tous les déces accidentels liés a des traumatismes dans le monde. Méme en
l'absence de dommages directs aux organes extracraniens, 89 % des patients atteints de lésions
cérébrales traumatiques graves peuvent présenter un dysfonctionnement important de leurs
organes. Le dysfonctionnement des organes peut survenir a n'importe quel moment de la période
de traitement, de la phase aigué a la période de réadaptation. Les manifestations cardiovasculaires
liées aux troubles non traumatiques de la téte (par exemple, accident ischémique cérébral ou
hémorragie sous-arachnoidienne anévrysmale) sont communément connues. Peu d'é¢tudes ont
¢galement fait état de manifestations cardiovasculaires chez les patients atteints de tuberculose.
Cependant, la relation entre I'incidence des dysfonctionnements cardiaques et la gravité de la 1ésion
intracranienne a été moins étudiée. En particulier, 1'étude de la relation entre I'hypertension
intracranienne et le dysfonctionnement cardiaque a regu peu d'attention. Dans cette étude, nous
comblons cette lacune en nous penchant sur les objectifs de recherche suivants : 1) Déterminer
l'incidence des dysfonctionnements cardiaques chez les patients ayant subi un traumatisme cranien
2) Caractériser le type de dysfonctionnement cardiaque ischémique, myocardique et électrique 3)
Déterminer les facteurs de risque de développement de complications cardiaques 4) Mesurer

l'impact possible d'un dysfonctionnement cardiaque sur le résultat du patient.
Méthodes

Dans cette recherche rétrospective et observationnelle, nous étudions les patients adultes atteints
de LTC Nous avons utilisé le registre provincial des traumatismes, la base de données des 1ésions
traumatiques et le systeme de dossier médical électronique OACIS pour recueillir des données sur
les patients souffrant de lésions traumatiques. Ces données comprennent l'age, le sexe, le
mécanisme du traumatisme, le Score initial de Coma de Glasgow (SCQ), le score de gravité des
blessures, les blessures associées, les antécédents médicaux, les résultats des scanners cérébraux,
les niveaux de troponine et de créatine kinase, les résultats des tests de laboratoire, l'incidence de
I'hypertension intracranienne ainsi que sa durée et sa gravite. Nous avons utilis¢ des

¢lectrocardiogrammes (ECQG) et des échocardiogrammes pour détecter les anomalies électriques



cardiaques et myocardiques. En se basant sur les niveaux d'enzymes cardiaques altérés et les
anomalies ¢électriques et myocardiques, nous avons identifié un dysfonctionnement cardiaque chez
les patients. Nous avons en outre examiné les antécédents de maladies cardiaques chez les patients
en doublon. Nous avons utilisé une analyse de régression logistique multiple pour étudier la

relation entre les variables indiquées dans les objectifs de recherche décrits ci-dessus.
Résultats

921 patients répondaient aux criteres de participation a I'étude. 28,7 % d'entre eux présentaient
un dysfonctionnement cardiovasculaire antérieur. Un dysfonctionnement cardiaque a été observé
chez 63,8 % d'entre eux apres leur admission. Nous avons constaté que 9,6 % des patients
présentaient un dysfonctionnement cardiaque ischémique, 57.4 % un dysfonctionnement
¢lectrique et 0,4 % un dysfonctionnement myocardique. Les résultats montrent une prévalence
plus faible du dysfonctionnement cardiaque chez les patients agés et chez ceux qui présentent des
facteurs de risque cardiaque (valeur P = 0,0007 et 0,0004, respectivement). Les résultats
indiquent une relation entre le SCG initiaux du patient et l'apparition d'un dysfonctionnement
cardiaque (valeur P = 0,0607). Nous n'avons pas trouvé de relation significative entre les
hémorragies cérébrales et l'incidence des troubles cardiaques. En outre, nous n'avons pas trouvé
de relation significative entre I'hypertension intracranienne et l'apparition de dysfonctionnements
cardiaques. Les résultats indiquent en outre que les patients présentant des problemes
orthopédiques (y compris des fractures) sont plus susceptibles de développer un
dysfonctionnement cardiaque. En ce qui concerne les résultats des patients, nous avons constaté
une relation inverse entre des taux sériques €élevés de créatinine kinase et de troponine et le Score
de Résultat de Glasgow (SRG) des patients (valeur P = 0,017 et 0,000, respectivement). Les
résultats montrent également que I'impact de 'arythmie cardiaque et des changements du

segment ST sur les niveaux de SRG est significatif (valeur P = 0,002 et 0,006, respectivement).
Conclusion

Dans cette étude, nous avons constaté qu'une grande partie des patients atteints de tuberculose
développaient un dysfonctionnement cardiaque (63,8 %). Nos résultats suggerent une relation
entre les niveaux de SCG initiaux et le dysfonctionnement cardiaque. Cependant, il n'y avait pas

de relation statistiquement significative entre 'hémorragie cérébrale et I'augmentation de la



pression intracranienne et I'apparition de troubles cardiaques. Cela pourrait étre dii au petit
nombre de patients présentant une pression intracranienne ¢levée dans notre échantillon. En
outre, la présence de facteurs de risque cardiaque sous-jacents était inversement liée a
l'apparition de dysfonctionnements cardiaques. La petite taille de I'échantillon pour certaines

variables, telles que le score de gravité des blessures, est I'une des limites de cette é¢tude.
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Chapter 1 — Thesis Introduction

Definition:

Traumatic brain injury (TBI), which is a major public health issue and a significant cause of
morbidity and mortality worldwide, especially in North America (1-3), can be characterized as the
disruption of brain function or other evidence of brain pathology induced by an external physical
force (4). TBI accounts for one-third of all unintentional injury-related deaths (5) and can result in
lifelong cognitive, emotional, sensorimotor, and so many other impairments, even among patients
with mild TBI (6). The effect of these conditions can be substantial, including considerable
functional impairment leading to adverse psychological and long-term socio-economic
implications.

Despite its widespread and long-term impact, TBI is often referred to as the “silent epidemic”
because the subsequent disabilities are often invisible. As a result, the general public remains
largely unaware of it. Since 1995, the Center for Disease Control and Prevention (CDC) has
defined TBI as a head injury arising from blunt or penetrating trauma or acceleration—deceleration
forces resulting in one or more of the following: decreased level of consciousness, amnesia,
objective neurological or neuropsychological abnormalities, skull fractures, diagnosed intracranial

lesions, or head injury recognized as the cause of death on the death certificate (7).

Classification:

Trauma scoring systems inform physicians about the injury severity and help them determine the
direction of trauma management. Scoring systems can also be used for critical decision-making
when a trauma patient has just arrived at the emergency room (ER) and a quick decision has to be

made as to whether or not the patient needs emergency surgery (8, 9).

Although many diseases have entered a comprehensive and meaningful molecular classification
phase, TBI is most often classified predominately by its clinical severity or physical mechanism.
There are several classifications of TBI. The majority of clinical treatment trials for TBI have
classified patients based on the neurological injury severity criteria (10). The most common
approaches used by researchers include the 1) Revised Trauma Score, which is a simplified scale

consisting of the Glasgow Coma Scale (GCS), respiratory rate, respiratory expansion, systolic
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blood pressure, and capillary refill, yielding an overall score of between 1 to 16 to assess the injury
severity (11) and the 2) Abbreviated Injury Scale (AIS), which classifies injuries by body region
according to the relative severity (12). The AIS and the Injury Severity Score (ISS) are the scales
that measure extracranial injury and physiological instability that can impact the outcome (13, 14).
ISS is designed to determine the severity of multiple body region injuries and correlates with
mortality, morbidity, and hospitalization time following trauma. It is used to describe the term
“major trauma”. The ISS scores range from 1 to 75, and major trauma (or polytrauma) is defined

as an ISS that is greater than 15.

The 15-point GCS that measures the level of consciousness after TBI is the most commonly used
standardized scoring scale for assessing TBI severity in adults. Patients with a GCS score of 3 to
8 are categorized as having severe TBI. This category has the highest mortality and morbidity
rates. GCS level of 9 to 12 are classified as moderate TBI, and 13 to 15 as mild TBI (Table 1).

Table 1: Criteria used to classify TBI severity (15)

TBI severity
Criteria Mild Moderate Severe
Structural imaging Normal Normal or Abnormal Normal or Abnormal
Loss of consciousness <30 minutes 30 minutes to 24 hours >24 hours
Post-traumatic amnesia 0-1 day >1 and <7 days =7 days
Glasgow Coma Scale score? 13-15 9-12 3-8
Abbreviated Injury Scale score: Head 1-2 3 4-6

2 Best available score in 24 hours

Neuroimaging is important for determining the anatomical nature of intracranial damage and for
managing patients with acute brain injury. It is important to understand the critical
pathophysiological conditions that are responsible for poor outcome. The Marshall classification
of TBI is a computed tomography (CT)-derived measurement that uses CT-visible pathologies
(e.g., edema, focal lesions, intracranial hemorrhage) to predict outcomes in patients with TBI. This
system was first published in 1992 and remains one of the most commonly used CT finding-based
grading systems for acute TBI (16, 17). Patients with grade I scores have the lowest mortality rate
(10%), while those with grade IV have mortality rates greater than 50%.

14



Epidemiology:
Incidence, morbidity and mortality, economic burden, and general consequences:

As a substantial cause of death and disability, TBI contributes to approximately 30.5% of all
injury-related deaths in developed countries like Canada and the United States and affects over 1.7
million people annually (18, 19). Among them, nearly 275,000 are admitted and 52,000 die, with
a significant portion of them being elderly (20).

TBI has a substantial economic and social impact. The lifetime cost of medical care for severe TBI
ranges from $600,000 to $1.8 million per case, with a tenfold increase in the value of lost
productivity, such as becoming bedridden (21, 22). Additionally, TBI survivors face long-term
neuropsychiatric sequelae, and high medical costs are required for their rehabilitation (21, 23-28).
Healthcare expenditure in 2008 amounted to CAD 141.4 billion, accounting for 10.7 percent of
the Canadian gross domestic product (GDP). This number is expected to continue to increase in
the future, according to the Canadian Institute for Health Information (29). In light of these
challenges, decision-makers have turned their attention to the cost of illness. Acquired brain injury
is one of the most important areas that should be addressed to improve healthcare accountability
and long-term sustainability of healthcare expenditures. Statistics demonstrate that the number of
hospital visits due to brain injury has increased significantly over time (5). One explanation for
this exponential rise may be increased awareness about sports-related concussions among public
and healthcare professionals. Another reason may be the higher number of injuries caused by falls

in the elderly population.

The prevalence of TBI-related emergency visits, hospitalizations, and deaths differs between
gender and even age. The data for 2013 revealed that the highest rates were observed among
persons aged > 75 years, 0—4 years, and 15-24 years. Moreover, males were more susceptible to
brain trauma than females. The main injury mechanisms for all age groups included falls
(accounting for more than 47% of all TBI), motor vehicle crashes, being hit by/against an object,
and assaults (5). Young children (aged 0—4 years) were most likely to suffer TBI from injuries
sustained from being struck by/against an object, while adolescents and young adults (aged 15-24
years) experienced the highest rate of motor vehicle injuries. Falling was the most prevalent cause

of head injury among seniors aged 75 years or older, resulting in the highest fatal injury incidence
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(18). Furthermore, a disproportionate number of bicycling and sports-related TBI was noted
among 5- to 24-year-old persons. Compared with other age groups, this age group was four times
more likely to sustain a bicycling-related TBI and eight times more likely to sustain a sports-related

TBL

Many patients with TBI, particularly those with moderate and severe TBI, experience significant
long-term neurobehavioral sequelae that can negatively affect their reintegration into social,
family, and professional life. Different secondary pathological conditions, including seizures,
neurodegenerative diseases, neuroendocrine dysregulation, sleep disorders, and impaired
neuropsychological functions, such as reduced attention, concentration, or memory problems, can
result from TBI (30-35). One study estimated that up to 43% of hospitalized TBI survivors
experience a long-term disability (36). Long-lasting somatic symptoms after mild TBI, such as
chronic headaches, chronic pain syndromes, dizziness, and visual disturbances, are also referred
to as “post-concussion syndrome”. The cognitive symptoms that are commonly observed include
attention deficits, slowed information processing, reduced verbal and working memory, and
impaired executive functions. Psychiatric symptoms, such as depressed mood, agitation,
irritability, anxiety, poor motivation, social withdrawal, and interpersonal difficulties, are also
reported frequently (37, 38). TBI’s adverse neuropsychological sequelaec can influence an
individual’s function in both social and occupational environments for 6 to 12 months after injury
or even longer. Up to 20% of survivors do not return to work within one year after TBI (22, 39).
In an interview conducted by Ponsford, Olver, and Curran with a group of 175 individuals who
suffered a TBI two years before the study and underwent rehabilitation, 33% of them still required
assistance with community and transportation skills, and more than 50% of those who had been
working previously were no longer employed (40). In addition, persisting cognitive, behavioral,

and emotional problems were reported by approximately 67% of the patients.
Pathophysiology:

Head injuries include a wide range of severity, from patients who do not require medical evaluation
or assistance to those who die immediately after the trauma. Mechanical forces applied to the skull

and transmitted to the brain during trauma can result in focal or diffuse cerebral injury.
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Brain damage may be caused by several mechanisms, including primary and secondary injuries.
The primary effects result from mechanical forces that disrupt the brain’s structural integrity and
the blood—brain barrier, such as contusion or diffuse axonal injury (DAI). DAI is one of the most
frequently experienced pathological features of TBI that may take place in the absence of impact
forces but depends on inertial forces that are usually caused by motor vehicle collisions and, in
some situations, by falls and assaults (41-45). These inertial forces are commonly induced by rapid
head rotational motions or sudden accelerations—decelerations that deform the white matter and
contribute to DAI. This subsequent tissue damage is characterized by axonal stretching, disruption,

and eventual separation of nerve fibers (41, 46).

Secondary injury occurs due to alterations in the biomolecular and physiological brain structures
following these impacts. The brain-derived micro-particles (produced by injured tissues) play a

critical role in developing TBI-associated coagulopathy (47).

Cerebral injury may also occur due to traumatic hematomas (e.g., subdural, epidural,
subarachnoid, and intraparenchymal hematomas). Various additional factors may complicate the
injury, including focal or diffuse cerebral edema, obstructive hydrocephalus, increased intracranial
pressure (ICP), hypoxic-ischemic injury, trauma-induced hypotension as a result of volume
depletion or blood loss, subsequent coronary hypoperfusion, infection, excessive catecholamine
release as a result of sympathetic overactivity, inflammatory response, neurotoxicity, protease
activation, excitotoxin and free radical release, lipid peroxidation, and phospholipase activation.

These related problems can increase post-traumatic mortality and morbidity (48).

Traumatic neurological injuries and increased ICP can lead to direct stimulation of specific trigger
zones in the brain, including Al, A5, the solitary tract nucleus, and the hypothalamus (49).
Stimulation of these brain regions results in increased catecholamine release, autonomic

instability, and systemic inflammatory response (49, 50).

In a prospective study on 216 patients with severe TBI, Karamanos et al. showed that episodes of
persistently elevated ICP following TBI are correlated with substantially higher mortality (51).
Additionally, ischemia or compression of the brain stem can increase the vagal tone. Clinical

symptoms, including neurogenic hypertension, myocardial ischemia, or cardiac dysrhythmias,
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may occur as a result of the hyperdynamic cardiovascular response to lesions in these brain areas

(52).

An autonomic dysfunction that presents as a paroxysmal sympathetic hyperactivity (PSH) is a
consequence of TBI. This syndrome can manifest as a simultaneous, paroxysmal transient increase
in sympathetic and motor activity recognized in a group of survivors of severe acquired brain
injury (53). PSH is characterized by episodes of autonomic hyperresponsivity to non-detrimental
stimuli, which include various combinations of hypertension, hyperthermia, tachycardia,
tachypnea, sweating, increased muscle tone, and other symptoms of sympathetic hyperactivity (56,
57). Although PSH can result from any cause of acquired brain injury, the majority of published
cases ascribe it to TBI (79.4 % of PSH cases) (54). The reported incidence of PSH in both adults
and children with severe TBI varies from 8% to 33% (55).

Even in the absence of direct extracranial organ damage, 89% of patients with severe TBI may
show substantial organ dysfunction, which is independently associated with worse outcomes and
can impact a large number of systems. Organ dysfunction may occur in the acute setting or even
during rehabilitation (58). Complications can involve the cardiovascular, respiratory,
immunological, hematological, and endocrinology systems and can influence early management

and long-term outcomes.
Prognosis:

Diagnostic and therapeutic decisions are usually dependent on the patient’s prognosis. Besides, in
such a critical situation, prognostic information is essential in counseling patients and their
relatives. Depending on the severity and mechanism of the injury, the mortality and morbidity
rates differ. The most important primary features of poor prognostic outcomes of brain injury
patients are described in a recently completed evidence-based document (79). The GCS score
measured after resuscitation ranges from 3 to 9, which is equivalent to severe brain damage,
indicating a linear relationship with poor outcome (death, vegetative state, or severe neurological
disability). The risk of adverse outcome rises dramatically with age, particularly in people over 60
years old. Hypotension at admission is also associated with a doubling in the risk of mortality (80).
The Marshall CT classification and evidence of traumatic subarachnoid hemorrhage are the two

most potent CT characteristics with strong TBI prognosis associations. The presence of an epidural
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hematoma is the next most powerful predictor (81). Another important indicator of poor prognosis
identified in a brain CT scan is the occlusion of the cisterns around the midbrain, indicating brain
swelling and herniation. The shifting of the brain’s midline due to contusion or hemorrhage is

another poor prognostic indicator (82).
Outcomes:

Some patients who survive serious head injury due to intensive therapy in the acute stage make a
satisfactory recovery. Others suffer from complications ranging from an inconvenient feeling to
those that make the patient completely dependent. Many of these young survivors face many years
of disability, which typically affects both physical and mental functions. Although the separate
components of disability after brain injury have frequently been described, particularly those that
can be assessed through psychometric testing, what matters to the patient is the net impact of all
these separate disabilities on his/her functioning as a person, which includes the extent of
dependency on others. Physicians mostly use prognostic estimates towards therapeutic decision
making and resource allocation. Precise outcome predictions are also important for providing

accurate information to families and caregivers.

For efficient outcome prediction, multiple clinical factors, such as the pupillary exam, GCS, and
intracranial pathology, need to be considered together in a prognostic model. Studies have shown
that these factors are strongly associated with a functional outcome in TBI patients. The Glasgow
Outcome Scale (GOS) is a widely recognized standard primary endpoint for assessing a patient’s
outcome (83). The GOS has five ordered categories: death, vegetative state, severe disability,
moderate disability, and good recovery. The GOS reliably evaluates patients’ overall social
outcomes based on a structured interview, which concentrates on social and personal functioning

without the need for comprehensive neurological and psychological evaluations.
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Chapter 2 — Cardiac consequences. A review

Mechanism:

Cardiac dysfunction has been documented in TBI patients, and this TBI-related cardiac
dysfunction is associated with in-hospital mortality. Mashaly and Ako et al. suggested two
pathophysiological mechanisms for this brain—heart interaction in their studies that focus on a
sudden catecholamine excess condition and inflammatory cascade (59, 60). Some pieces of
evidence can determine the presence of this brain—heart interaction, such as left ventricular
dysfunction characterized by reduced left ventricular ejection fraction (LVEF) and new regional
wall motion abnormalities found in a considerable number of brain-dead patients in the studies
conducted by Gilbert and Seiler et al. (61, 62). Although we did not examine brain dead patients
in our research, reviewing these studies could help us understand that the echocardiographic
changes observed in TBI patients can be considered as a stress-induced cardiac dysfunction

secondary to an acute brain injury.
Autonomic changes:

Based on Fernandez-Ortega and Krishnamoorthy et al.’s observations in their studies, patients with
TBI demonstrate symptoms reflecting autonomic impairment and elevated catecholamine levels,

including increased heart rates, respiratory rates, and blood pressures (63, 64).

Most patients experience a hypotensive episode during TBI surgery (65), and it has been shown
that post-TBI hypotension (systolic blood pressure <90 mmHg) is directly related to both mortality
and poor condition (66, 67). The presence of large or multiple lesions on CT scans constitutes a
risk factor for intraoperative hypotension (65). It has been documented in some experimental

models that abnormal ICP induced by intracranial lesions can cause cardiac impairment (68-70).
Electrocardiographic changes:

In terms of electrical cardiac dysfunction, up to 73% of TBI patients demonstrate
electrocardiogram (ECG) changes (71). These changes can include anything from sinus
tachycardia to ischemic changes and repolarization abnormalities, such as ST segment changes,

QTc prolongation, pathological T waves, and U waves (71, 72). Povoa et al. mentioned that
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repolarization abnormalities, such as ST-T change and QTc and QT segment prolongation, had the
highest incidence of 37.5% among post-TBI ECG changes (73). In a study of 30 patients with
severe TBI conducted by Hackenberry et al., a prolonged QTc interval was found in 90% of the
patients, while 53% had various nonspecific ST segment and T wave changes (74). Singla et al.
(2002) demonstrated that although these ECG changes are often transient, they are associated with
poorer outcomes and substantial mortality (75). These changes can occur in the absence of known

atherosclerotic coronary artery disease.

The management of cardiovascular consequences in the TBI population may be of particular
important as it can play a role in preventing secondary brain injury due to hypotensive episodes.
Early ECG can be an affordable test to screen for cardiac dysfunction before ordering more

expensive and invasive tests.
Cardiac biomarker levels:

Serum cardiac troponins are well-known biomarkers that are exclusively released from impaired
myocardial cells regardless of the underlying triggers. Elevated troponins have been documented
in acute traumatic and nontraumatic head injuries. Hays and Diringer found an association between
positive troponin I and higher mortality rate in patients with intracerebral hemorrhage (76). In
addition, in patients with surgically treated intracerebral hemorrhage, the elevation of troponin
level upon admission was a significant risk marker for in-hospital mortality even after adjustment

for age, gender, and volume of hemorrhage (77).
Echocardiographic changes:

According to Prathep et al. (2014), the occurrence of elevated cardiac biomarkers, including
troponin I and creatine phosphokinase-MB isoenzyme, within two weeks after TBI was associated
with abnormal echocardiography (78). They also described a range of different echocardiographic
findings in TBI patients, including regional wall motion abnormalities (17.5%) and global systolic
impairment (12%). The number of abnormal echocardiographic findings was higher in patients
with more severe TBI, based on the GCS. An abnormal echocardiogram finding was another
significant independent predictor of in-hospital mortality in TBI patients after adjusting for age,

gender, and AIS (78).
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Despite the frequency of TBI in the general population and the high incidence of secondary end-
organ dysfunction after TBI, its possible effect on cardiac function has received little attention

outside of case reports and limited case series.
Objective and hypothesis

Cardiac events are among the most important complications of acute brain injury. In blunt TBI,
the heart could be affected either directly as a part of polytrauma or indirectly due to trauma-
induced hypotension with subsequent coronary hypo-perfusion. On the one hand, the management
of cardiac dysfunction in patients with TBI may be of particular importance because it may play a
role in preventing secondary brain injury caused by hypotensive episodes. On the other hand,
treatment of cardiac dysfunction following TBI can be very difficult because anti-platelets or
anticoagulants, which are common treatments for cardiac problems, cannot be prescribed to these
patients at the beginning of the treatment period because of the relative risk of developing an

intracranial hemorrhage after TBI.

Despite the significant impact of TBI on general health and the high incidence of secondary end-
organ dysfunction after TBI, its potential impact on cardiac function and possible risk factors for
developing cardiac complications have received little attention, and a deficiency still remains that
needs to be addressed. Likewise, it is essential to rule out the effects of the factors that may

influence outcomes.

This research aims to investigate abnormal ECG and echocardiographic findings after TBI and
their correlation with cardiac dysfunction. We further examine the cardiac complications of
cerebral trauma, identify patients who may develop cardiac dysfunction, and establish how to
minimize the incidence of these complications by exerting more control over certain factors that

can be effective in causing complications.

We hypothesize that TBI is associated with cardiac dysfunction, including ischemic events,
electrical changes, and myocardial dysfunction. Furthermore, we hypothesize that the occurrence
of cardiac dysfunction is proportional to the severity of the intracranial injury, particularly

intracranial hypertension.
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Chapter 3 — Methodology

Participants:

This research is a retrospective observational cohort study conducted at Montreal General Hospital
(MGH), which is a level one trauma centre in Montréal, Québec. Each year, MGH receives around
10,000 trauma victims, including more than 1,500 who sustained significant injuries requiring
intensive care, surgery, and rehabilitation. The study was performed on all adult patients with acute
TBI who presented to the ER and required cardiac monitoring in the ER or intensive care unit

(ICU) for over two years from April 1, 2016 to March 31, 2018.

Patients with cardiac trauma (cardiac contusion or penetrating cardiac trauma) and patients aged
less than 16 years were excluded from the study. We also excluded patients who presented long
after the accident due to long-term complications of brain injury. The charts were identified using
the Provincial Trauma Registry, the TBI data bank, and the OACIS electronic medical record
system, which provided the full records of admission and hospitalization of all patients with

traumatic injuries who were admitted to the hospital.

Clinical Measures:

Following the Institutional Review Board’s approval, baseline demographics, medical history, and
clinical and radiographic findings were collected for all identified patients with acute TBI who
received care between 2016 and 2018 by using the TBI data bank (clinical database already
collected for all admitted patients with TBI), the Trauma Registry (ministry-mandated clinical
database for all trauma patients), and the patients’ electronic charts (OACIS). Almost all patients
received a GCS score upon admission to classify the TBI severity. Patients with a GCS of >13
were considered mild, 9—12 moderate, and < 8 severe. The following data were collected for each

subject:

1) Age
2) Gender
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3) Mechanism of trauma: Refers to the method by which damage to organs occurs.
Health care providers use the trauma mechanism to determine how likely a serious injury
has occurred. In this category, we included falls, assaults, work accidents, etc.

4) Initial GCS: GCS is used by emergency medical services, nurses, and physicians to
assess a person's consciousness level after a head injury and applies to all acute trauma
patients.

5) Incidence of loss of consciousness: Loss of consciousness after a brain trauma should
be taken seriously, and the person should be carefully monitored. Patients with more
severe injuries experience a loss of consciousness at the time of trauma, lasting from a few
minutes or hours to weeks or even months.

6) Injury severity score (ISS): The Injury Severity Score (ISS) is an established medical
score to assess trauma severity. It correlates with mortality, morbidity, and hospitalization
time after trauma.

7) Associated injuries and complications: Traumatic injuries can range from minor
isolated wounds to complex injuries involving multiple organ systems. In this column, we
included fractures, internal organ injuries, etc. For complications, we considered
infections like Pneumonia, embolisms, thromboses, post-operation hemorrhages, etc.

8) Past medical history: Includes all diseases mentioned in patients' medical records.

9) Classified home medications: Includes anti-arrhythmic medications, oral
anticoagulant, anti-platelet, anti-hypertension, anti-epileptics, etc.

10) Brain CT findings: Includes type, location, and size of intracranial hemorrhages or
contusions, Marshall grade, etc.

11) Cardiac enzymes: Includes Troponin and Creatinine Kinase (CK) levels (and the time
of the peak levels)

12) Laboratory test results and electrolytes values: Includes Hemoglobin, Sodium,
Potassium, Calcium, Magnesium, etc. By examining the normal range of each test, we
then investigated the presence of anemia, hypo, and hyperkalemia, etc.

13) Drug or medication intoxication and Alcohol rate: The existence of narcotics such
as Amphetamines, Benzodiazepines, Cocaine, etc. in patients' blood and blood levels of

Ethanol at the time of admission was recorded in this column.
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14) Incidence of hypotensive events: Hypotension is the medical term for low blood
pressure (less than 90/60 mmHg).

15) Hemorrhagic shock: Reduced tissue perfusion due to significant blood loss, resulting
in an insufficient supply of oxygen and nutrients required for cell activity.

16) Need for vasopressors: Vasopressors are a powerful class of medications that
increase mean arterial pressure (MAP) by inducing vasoconstriction.

17) Estimated blood loss (volume: ml): It means the amount of blood lost in milliliters
during surgery.

18) Presence of septicemia: Septicemia means the potentially life-threatening invasion
of the bloodstream by pathogenic agents and especially bacteria along with their toxins
from a localized infection (as of the lungs or skin) that is accompanied by acute systemic
illness and is diagnosed through a blood culture.

19) Incidence of intracranial hypertension, duration, and severity (values of highest
levels): Intracranial hypertension is a serious neurological condition that occurs when
there is a sustained rise in intracranial pressure (ICP) of more than 15 to 20 mm Hg. It
happens when the three intracranial components—blood, brain, and cerebrospinal fluid
(CSF)—are no longer able to compensate for volume fluctuations occurring within the
cranium.

20) Length of stay in ICU (days)

21) Length of stay in hospital (days)

22) GOS: The Glasgow Outcome Score applies to patients with a brain injury that allows
an objective evaluation of their recovery in six categories and provides a long-term

rehabilitation prediction to return to work and everyday life.

Baseline and periodic electrocardiograms and rhythm strips from the ER and ICU were also
retrieved to detect electrical abnormalities and analyzed by a cardiologist according to the

following criteria:

1) Rate
2) Rhythm and presence of cardiac arrhythmias
3) PR interval (PR prolongation >200 ms)

25



4) QRS duration (QRS prolongation >120 ms)

5) QT interval/corrected QT interval (using the Bazett formula, considered prolonged
>460 ms in females and >440 ms in males)

6) ST-segment changes (elevation or depression)

7) Heart blocks

8) Presence of cardiac ischemic events

9) Monitored brady and tachyarrhythmias (sinus bradycardia <60/min, sinus tachycardia
>100/min)

10) Repolarization abnormalities

Information on the installation of a pacemaker during or before hospitalization was also recorded

Patients' echocardiograms were also evaluated based on the following findings:

1) Left Ventricular Ejection Fraction (LVEF): This is a measurement of how much
blood the left ventricle pumps out with each contraction and expressed as a percentage. A
normal cardiac ejection fraction may be between 50 and 70 percent.

2) Left atrial size (volume: ml): The left atrium plays a major role in cardiac physiology
by collecting blood during systole and modulating left ventricular filling during diastole
(84). Normal left atrial diameter is < 4.1 cm in men and < 3.9 cm in women.

3) Regional wall motion abnormalities: Defined as regional abnormalities in contractile
function. Ischemic heart disease is the most common cause of wall motion abnormalities.
4) Right ventricular dysfunction: Can occur in a number of clinical scenarios, including
pressure overload, cardiomyopathies, ischemic, congenital, or valvular heart disease,
arrhythmias, and sepsis.

5) Presence of pericardial effusion: The presence of an abnormal amount of fluid in the
pericardial space. It can be caused by a variety of local, systemic and traumatic disorders,
or it may be idiopathic.

6) Presence of valvular diseases, type, and severity of valvular involvement: Valvular
cardiac disease is characterized by injury or defect in one of the four cardiac valves

including the mitral, aortic, tricuspid, or pulmonary. Any cardiac valve can become
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stenotic or insufficient (also termed regurgitant or incompetent), causing hemodynamic

changes long before symptoms.

We categorized cardiovascular disease into three different subgroups, namely, ischemic, electrical,
and myocardial cardiac dysfunction. Cardiac dysfunction was described as the presence of elevated
levels of troponin I (more than 0.04 nanograms per millilitre, consistent with the institution’s
reference value) and creatine kinase (more than 195 units per litre in males and more than 160
units per litre in females) in laboratory studies, presence of repolarization and other electrical and
ischemic abnormalities diagnosed by electrocardiography, presence of several variables including
left ventricular systolic dysfunction (LVEF less than 50%), regional wall motion abnormalities
diagnosed by echocardiography, and cardiac pacemaker insertion.

The presence of ischemic heart disease is determined by high troponin levels, elevation or
depression in the ST segment in the ECG, and regional wall motion abnormality on
echocardiography.

Cardiac electrical changes were examined based on conditions such as tachycardia or bradycardia,
heart blocks, PR prolongation (more than 200 milliseconds), and QRS widening (more than 100
milliseconds) in the patient’s ECG.

Factors such as high levels of creatinine kinase and troponin, pericardial effusion, hypotension,
regional wall motion abnormalities, and LVEF less than 50% diagnosed by echocardiography
determine the presence of myocardial dysfunction.

We also assessed the presence of underlying cardiac disease in patients before admission due to
brain injury by reviewing their records and medications prescribed in the past, the presence of a
pre-installed cardiac pacemaker, and previous electrocardiographic or echocardiographic
abnormalities.

Finally, we investigated the relationship between cardiac dysfunction and TBI severity, CT
findings, and intracranial hypertension occurrence and severity. We also determined the risk
factors for developing cardiac complications and measured the possible impact of cardiac

dysfunction on the patient’s outcome.
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Imaging Data:

The admission cranial CT scans were analyzed and reported by a radiologist who was blinded to
the ECG findings. The type of SAH was recorded as diffuse or focal. The SDH site was classified
according to the regions to which it overlaid as unilateral, bilateral, interhemispheric, parafalcine,
tentorial, and posterior cranial fossa. We also examined and noted the presence of cerebral
contusion, intraventricular and epidural hemorrhage, and its volume which was measured as the
largest width on axial cuts. Moreover, we recorded the presence of high ICP, the period that the
pressure was high, and its highest levels. The Marshall grade was measured by using the CT scan’s

visible pathologies (e.g., edema, focal lesions, intracranial hemorrhage).

Ethical Considerations:

1) Oversight
This study was performed in accord with the 7ri-Council Policy Statement: Ethical

Conduct for Research Involving Humans (2014), as well as respecting the requirements
set out in the applicable standard operating procedures of the Research Institute of the
McGill University Health Centre and the McGill University Health Centre Research
Ethics Board. The McGill University Health Centre Research Ethics Board reviewed this
study and was responsible for monitoring it at all participating institutions in the Québec
health and social services network.

2) Confidentiality

As outlined in this protocol, only data relevant to this study were collected by the research
team. All the information collected during the research project remained confidential to
the extent required and provided by law.

Patient data were de-identified and coded. The code was kept by the principal investigator
in a password protected digital file behind the MUHC firewall.

3) Informed consent

Due to the observational nature of the study and in place of individual informed consent
of participants, authorization to access patient charts was obtained from the Director of

Professional Services (DPS).
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Statistical Analysis:

The data were summarized as mean, standard deviation (SD), or percentage. The prevalence and
type of cardiac dysfunction in the admitted patients with TBI were determined and described based
on the patients’ genders. The correlation matrix was plotted to show the correlation coefficients
between variables. Multiple logistic regression analysis was used to investigate risk factors on the
probability of cardiac dysfunction. The binary outcome of interest was whether the patient
developed a cardiac dysfunction (defined as cardiac dysfunction). The risk factors of interest were
age, sex, GCS on admission, length of stay in the hospital, hemorrhagic shock, laboratory test
results (including anemia, hyper creatinine, hyponatremia, hypernatremia, hypokalemia,
hyperkalemia, = hypocalcemia, = hypomagnesemia,  hypophosphatemia, = hypoglycemia,
hyperglycemia), brain CT scan characteristics (including Marshall grade, SDH, SAH, contusion,
high ICP), medical history (including autoimmune/inflammatory/rheumatology diseases, cardiac
risk factors, neurological disease), mechanism of trauma (including assault, fall), and associated
injuries (including chest and pulmonary injury, internal organ injury, skull fracture, non-skull

fractures such as rib fractures, spinal fractures, etc.).

Multicollinearity was assessed by checking the variance inflation factor on a multiple regression
model with the same dependent and independent variables (85). The 2 log-likelihood ratio test was
used to test the overall significance of the model (Table 2). The fit of the model was assessed by
the Hosmer—Lemeshow goodness-of-fit Chi-square test (Table 3). We plotted several diagnostic
statistics against the predicted values using estimated values and Pearson and Deviance residuals
to assess outliers and detect influential observations (Figure 1) (86). All statistical tests of the
hypothesis were two-sided and performed at the 0.05 level of significance. All analyses were

performed using the SAS software (version 13.0, SAS Institute Inc.).

29



Table 2: Model Convergence Status
The convergence criterion (GCONV=1E-8) was satisfied.

Model Fit Statistics

Intercept
Intercept and
Criterion Only Covariates
AIC 1156.762 1058.843
SC 1161.542 1226.140

-2LogL 1154.762 988.843

Testing Global Null Hypothesis: BETA=0

Test Chi-Square = DF  Pr> ChiSq
Likelihood Ratio 165.9193 34 <.0001
Score 152.2130 34 <.0001
Wald 130.6215 34 <.0001

Table 3: The LOGISTIC Procedure (Partition for the Hosmer and Lemeshow Test)

Cardiac dysfunction Cardiac dysfunction
dependent variable = 1 dependent variable = 0
Group  Total Observed Expected Observed Expected
1 88 26 2642 62  61.58
2 88 26 34.02 62 5398
3 88 44 40.66 44 4734
4 88 50  47.01 38 4099
5 88 60  53.32 28  34.68
6 88 59  60.69 29 2731
7 88 72 67.23 16 20.77
8 88 67 7236 21 15.64
9 88 77 76.30 11 11.70
10 88 78  81.00 10 7.00

Hosmer and Lemeshow Goodness-of-Fit Test
Chi-Square  DF  Pr> ChiSq

11.3949 8 0.1803
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Figure 1: The fit of the model

Plot of difdev¥phat. Legend: i = 1 obs, B = 2 obs, etc.
6 T fi
fifi
B
il fi
n 5T fi fi
e f
5 B
t fi
e A B
p
4 T AacC
D ACC
i f Ba
Il ABEB
Ll fB
e fAft
r f
e 3 T Afif
n A Bf
c AC DBE
e A fAf AfB B
ABf BBr
i ADEB ABD B
n CB A nAF
2T DCLCA
D ADDA ADCC
e CCGLA BCCEA
v DFiG DBHDA
i AE IKKEA
a GIGD EEED
n AGFEBA CG IEKBf
c 1T fid 1.IFB EJHEC
e GDFKI BGFCD
AEFCBA BIJLBE
ACCEBA FPEIHJA a
ff AQJLROF
f
GHOHJGB
L C
I I I I ] 1 1 1 1
T T T T T T T T T
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.3
E=stimated Probability
MOTE: 41 ob=z had nmissing values.

31



Chapter 4 — Results

Study Population:

938 patients were admitted to the Montreal General Hospital between April 1%, 2016, and March
31%, 2018, fulfilling this study's inclusion criteria. 17 patients were excluded, as they had cardiac
trauma or transferred to this hospital long after the primary injury or were not traumatic cases (had
a cerebral aneurysmal hemorrhage or cerebral bleeding due to high blood pressure) (Figure 2).
Finally, after eliminating the mentioned cases, 921 patients fulfilled the required criteria to
participate in the study and were included in the final analysis. All demographics and clinical

characteristics of patients included in our study are shown in Table 4.

Figure 2: Patient enrollment flow diagram

038 patients were admitted ‘

|—> 10 patients: transferred long after injury

5 patients: cardiac trauma ‘

1 patient: aneurysmal cerebral hemorrhage ‘

1 patient: hypertensive cerebral hemorrhage ‘

!

921 patients included in the study

The mean (=SD) age was 68.5 (£19.5) years. 68.8 % of patients were male and 31.1 % were female.
After examining the previous ECGs and pre-admission echocardiograms, and considering the
patients' cardiovascular history, the presence of previous cardiovascular dysfunction was

confirmed in 28% of patients.
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Falls (55.5 %) and driving accidents (29 %) were the most common causes of traumatic brain

injuries in our patients. Results revealed that 46.9% of the patients (432 out of 921) had isolated

TBI, while the rest had various associated orthopedic and intraabdominal injuries, with the mean

(SD) Injury Severity Score of 22.4 (£10.6). 88 (9.5 %) patients died during hospitalization.

Table 4: Descriptive statistics summarize all variables of interest in this study (N: 921)

Variable Value
Age (years), mean (£SD) 68.5 (£19.5)
Sex F/M, n (%) 287 /634 (31.1% / 68.8%)
GCS, mean (+SD) 13 (+4)
GOS8, mean (+SD) 4.4 (£1.3)
ISS, mean (£SD) 22.4 (£10.6)
Length of stay in hospital (days), mean (+SD) 18.3 (£23.3)
Length of stay in ICU (days), mean (£SD) 8.2 (£9.4)
Past medical history, n (%)

Autoimmune / Inflammatory / Rheumatology (Crohn disease, 119 (12.9%)

Rheumatoid Arthritis, Lupus, etc.)

Cardiac risk factors (Diabetes Mellitus, hypertension, etc.) 470 (51%)

Cardiovascular (history of myocardial infarction,

cardiomyopathy, etc.)

219 (23.7%)

Neurological disease (Epilepsy, Alzheimer, etc.) 172 (18.6%)
Mechanism of trauma, n (%)

Assault 59 (6.4%)

Driving accidents 268 (29%)

Fall 512 (55.5%)

Work accidents 16 (1.7%)

Associated injuries, n (%)
Chest and pulmonary injury
Internal organ injury
Skull fracture

Non-skull fractures (rib fractures, spinal fractures, etc.)

105 (11.4%)
45 (4.8%)

151 (16.3 %)
383 (41.5 %)

ECG characteristics, n (%)
ST-segment elevation
ST-segment depression

Tachycardia

10 (1.08 %)
13 (1.4 %)
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Sinus tachycardia

Rapid response AF

Atrial flutter

Supraventricular tachycardia
Bradycardia

Sinus bradycardia

Slow response AF

PR interval prolongation (more than 200 milliseconds)

QRS widening (more than 100 milliseconds)

QTc prolongation (more than 440 milliseconds)

AV blocks
1% degree AV block
27 degree AV block
3" degree AV block
Nonspecific AV block

Repolarization abnormality

74 (8.03 %)
53 (5.7 %)
7(0.7 %)
10 (1.08 %)

71 (7.7 %)
4.(0.4 %)
45 (4.8 %)
163 (17.6 %)
320 (34.7 %)

38 (4.1 %)
3(0.3 %)
2(0.2 %)

14 (1.5 %)
216 (23.4 %)

Cardiac pacemaker, n (%)

Already had 23 (1.06 %)
Inserted during the admission 15 (0.6 %)
Echocardiographic characteristics
LVEF percentage, mean (£SD) 56.8 (£14.4)
Regional wall motion abnormality, n (%) 43 (4.6 %)
Pericardial effusion, n (%) 6 (0.6 %)
Right ventricular dysfunction, n (%)
Mild 14 (1.5 %)
Moderate 5 (0.5 %)
Severe 0 (0 %)
Laboratory test results
Anemia 774 (84 %)
Hyponatremia 319 (34.6 %)
Hypernatremia 286 (31 %)
Hypokalemia 389 (42.2 %)
Hyperkalemia 271 (29.4 %)
Hypocalcemia 233 (25.2 %)
Hypomagnesemia 414 (44.9 %)
Hypophosphatemia 389 (42.2 %)
Hypoglycemia 51 (5.5 %)
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Hyperglycemia

High Creatinine
High Troponin

High Creatine Kinase

278 (30.1 %)
216 (23.4 %)
157 (17 %)

224 (24.3 %)

Brain CT scan characteristics

Marshall grade, mean (+SD)
SAH

2.7 (£1.5)
403 (43.7 %)

Focal 197 (21.3 %)
Diffuse 206 (22.3 %)
Contusion 314 (34 %)
IVH 121 (13.1%)
SDH 514 (55.8 %)
Unilateral 323 (35 %)
Bilateral 172 (18.6 %)
EDH 42 (4.5 %)
High ICP 58 (6.2 %)
Highest ICP levels, mean (+SD) 31.2 (£6.3)
Duration of high ICP (days), mean (+SD) 6.2 (£5.2)

Cardiac Characteristics:

448 patients had at least one ECG during the hospitalization period, and 145 patients with at least
one Echocardiogram. For certain patients, several ECGs and echocardiograms were performed, all
of which were evaluated. Repolarisation abnormalities, QRS widening, and rhythm abnormalities
were the majority of abnormal findings in ECGs. These include ST-segment changes, Atrial
Fibrillations (AF), and tachyarrhythmias. Other abnormal ECG findings included bundle branch
blocks, atrioventricular blocks (AV blocks), and PR interval prolongation. The elevation and
depression of the ST segment were observed in 1.08 and 1.4% of ECGs, respectively. AV blocks
(1%, 2", 3 and nonspecific) were visible in 57 (6.1 %) of ECGs. A cardiac pacemaker was
implanted for 23 (1.06 %) patients prior to hospitalization and for 15 (0.6 %) patients during

hospitalization.

The mean (£SD) LVEF percentage in patients' echocardiograms was 56.8 (+14.4). Regional wall

motion abnormalities and pericardial effusion were observed in 4.6 and 0.6 % of echocardiograms,
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respectively. 8 % of echocardiograms showed mild right ventricular dysfunction, and 5.5 %

demonstrated severe dysfunction.

Cardiac biomarkers, including Troponin and Creatine Kinase, were checked for 598 (64.9 %) and
350 (38 %) patients, respectively. A total of 157 patients (17 %) had elevated Troponin levels, and
224 (24.3 %) had elevated Creatine Kinase levels.

Finally, by examining several different factors, we investigated the presence of cardiac dysfunction
in patients and found that cardiac dysfunction has happened in 588 (63.8%) of patients after TBI.
Cardiac dysfunction has been classified into three categories of ischemic, electrical, and
myocardial dysfunction, based on laboratory tests, ECG, and echocardiography findings of
patients. Examinations revealed that 89 (9.6%) of patients have ischemic cardiac dysfunction, 529
(57.4%) have electrical dysfunction, and 4 (0.4%) have myocardial dysfunction. Table 5 indicates

categorized cardiac dysfunction depending on the type of dysfunction and sex of patients (Table

5).

Table 5: The incidence of ischemic, myocardial, and electrical cardiac dysfunctions in male and

female patients with a traumatic brain injury

Variable

Female(IN:287)

Male(N:634)

Total (N:921)

Previous cardiac dysfunction (Y/N)

after admission cardiac dysfunction

after admission ischemic dysfunction

after admission electrical dysfunction

after admission myocardial

dysfunction

92/195 (32% / 68%)

177/ 110 (61.6% / 38.4%)

287259 (9.7% / 90.3%)

153 /134 (53.3% / 46.7%)

0/287 (0% / 100%)

173 /461 (27.2%/ 72.8 %)

411/223 (64.8% / 35.2%)

61/573 (9.6% /90.4%)

376 /258 (59.3% / 40.7%)

47630 (0.6% /99.4%)

265/ 656 (28.7% / 71.3%)

588/333 (63.8% /36%)

89 /832 (9.6% / 90.4%)

529/392 (57.4% / 42.6%)

4/917 (0.4% / 99.6%)




Brain CT scan characteristics:

914 patients had a brain CT scan recording on admission. Brain abnormalities, including
hemorrhage, contusion, hygroma, pneumocephalus, etc. were observed in 75.4% of brain CT
scans. Marshall grade was calculated for all patients who had a brain CT scan. The mean (£SD)
Marshall grade was 2.7 (£1.5). Among the various types of intracranial pathologies noted on CT
scan, the most common type in patients was subdural (55.8 %) and then subarachnoid hemorrhages
(43.7 %). Unilateral subdural hemorrhage was more common among patients than bilateral
hemorrhage. The number of patients with diffuse subarachnoid hemorrhage was also higher than
the focal type. Other cerebral hemorrhages patients experienced included cerebral contusion (34
%), intraventricular hemorrhage (13.1 %), and epidural hemorrhage (4.5 %), respectively. 58
patients experienced high Intracranial Pressure (ICP) levels during the hospitalization period (6.2

%), and 7 patients died of elevated ICP.

Brain CT scans of 15 (1.6 %) patients demonstrated diffuse axonal injury. 14 (1.5 %) brain CT
scans showed pneumocephalus, 13 (1.4 %) Subdural Hygroma, 2 (0.2 %) pontine hemorrhages,

and 1 (0.1 %) acute brain infarct.
Laboratory test results:

Anemia (84 %), hypomagnesemia (44.9 %), hypokalemia (42.2 %), and hypophosphatemia (42.2
%) were the most common laboratory results disorders and electrolyte abnormalities in patients,

respectively.
Association with baseline, clinical, and radiographic characteristics:

We created a correlation matrix in the first step to determine the relationship between the variables.
The correlation findings are summarized in Table 6. You can understand from this matrix that
there are clinically rational correlations between multiple variables. For instance, there is a
significant relationship between age and fall as a mechanism of the accident, the prevalence of
cardiac risk factors as underlying diseases, the severity of brain damage (Marshall grade), and the
incidence of a cerebral hemorrhage, including subdural, subarachnoid and intraventricular

hemorrhages.
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Table 6: The correlation matrix between different variables

Variable @ 2) 3 (O] ®) ©) (Y] ®) ()] (10) an 12) a3) a4 as) (16) an 18) a9 (20) @n (22) 23) (24 (25) (26) @7 (28) 29) 30)
(1) Age 1

(2) Sex 0.160%** 1

(3) GCS initial 0.322%%% 0.0799%*** 1

(4) Length of stay in hospital -0.145%** -0.0683%** -0.267%** 1

(5) Hemorrhagic shock -0.115%** 0.00589 -0.142%%* 0.0809%** 1

(6) Anemia 0.0953%%* 0.0363 -0.0977%*** 0.136%%* 0.0505%* 1

(7) Hyper Creatinine 0.279%** 0.289%** 0.0402* 0.00721 0.110%** 0.143%%* 1

(8) Hypernatremia 0.130%** 0.0517** 0.0342 0.206%** -0.102%** 0.177%%* 0.0312 1

(9) Hyponatremia -0.0262 -0.0174 -0.272%%* 0.311%%* 0.0548%** 0.167*** 0.0666%** 0.0618** 1

(10) Hypokalemia -0.0582%* 0.0789%** -0.0930%** 0.218%%* 0.000667 0.217%%* -0.000867 0.0902%** 0.386%** 1

(11) Hyperkalemia 0.1047%*%* 0.0444* 0.00224 0.108%*** 0.107%*** 0.112%** 0.328%%* 0.190%** 0.105%** -0.0511%* 1

(12) Hypocalcaemia 0.0962%** 0.202%%* -0.00699 -0.0735%** -0.0157 0.165%%* 0.145%%* 0.176%** 0.184%%* 0.199%%* 0.196%** 1

(13) Hypomagnesemia -0.0375* 0.137*%* -0.1000%** 0.180%** 0.147%%* 0.209%*** 0.0766%** 0.155%%* 0.351%%* 0.386%** 0.163%*** 0.285%** 1

(14) Hypophosphatemia -0.0687*** -0.000213 -0.254%%* 0.275%%* 0.0115 0.218%%* -0.0785%** 0.273%%* 0.420%** 0.395%%* 0.0533%* 0.311%%* 0.466%** 1

(15) Hypoglycemia 0.0559%* -0.0661%** -0.0129 -0.0220 0.0611** 0.0889***  (.183%** 0.166%** 0.0622%* -0.0155 0.191%*** 0.0823***  0.0149 0.00486 1

(16) Hyperglycemia 0.147%%* -0.0311 -0.00844 0.0814%%* -0.0347 0.0367 0.222%%* 0.0544%* 0.0787%** 0.0533%** 0.204%%** 0.0885%** 0.133%%* 0.116%** 0.0148 1

(17) Marshall grade 0.124%%* -0.114%%* -0.125%%* 0.155%** -0.0608** 0.0230 -0.0754**+* 0.0279 0.0757***  -0.0380* -0.0467* -0.0304 0.0821%**  (.]123%** -0.113%%* 0.155%%* 1

(18) SDH 0.164%%* -0.119%%** -0.0390* 0.139%%#* -0.101%%* -0.0156 -0.0399* 0.0286 0.0596** 0.0494%** -0.00774 0.0135 0.0512%* 0.120%%** -0.0336 0.135%%* 0.552%%* 1

(19) SAH 0.102%** 0.102%** -0.194%%* 0.130%** 0.0682%** 0.0884%**  (.185%** 0.0836%**  (.137*** 0.00299 0.0833%**%  0.0677***  0.0848***  0.0681***  0.0882***  0.0840***  0.0166 0.0500%* 1

(20) Contusion -0.154%%* -0.0102 -0.224%%* 0.254%%% -0.0296 -0.00104 -0.00950 0.0950%** 0.108%** 0.0970%** -0.0428* -0.0408* 0.0145 0.126%%** ;).0797*** 0.113%%* 0.0292 0.207%%** 0.385%%* 1

(21) High ICP -0.151%%* -0.0922%** -0.479%%* 0.162%** 0.0246 0.0442* -0.0871%** 6.0788*** 0.103%** 0.0000388  -0.0570** -0.102%%** 0.0665%**  0.0751***  0.0129 -0.0495%* 0.234%%* 0.0958***  0.110%** 0.172%%* 1

532) i Infl. y/Rh logy 0.183%%* 0.119%%** 0.0965%** 0.000160 0.0620%* 0.0660%** 0.247%%* 0.0144 -0.0309 -0.00937 0.0217 6,0697*** -0.0563** &0656*** 0.148%%* 0.0924%** E)AOSSZ*** 0.00282 0.0348 0.00408 -0.0847%** 1

(23) Cardiac risk factors 0.618%** 0.118%*** 0.303*** -0.167%%* -0.0869*** 0.105%** 0.256%** 0.0507** 6.0669*** -0.0398* 0.148%** 0.0945%**  0.0349 -0.0563%* -0.0412* 0.220%** 0.130%** 0.144%%* 0.0327 -0.149%** -0.175%%* 0.194%#* 1

(24) Neurological disease 0.0449* -0.0841%** -0.0384* 0.0170 -0.0680%** 6,0643*** -0.0663%*** 0.0473* 0.0877%** 0.148%%** -0.0561%** -0.0183 0.0413* 0.127%%* ;).0646*** 0.0448* 0.135%%* 0.173%%* ;).0714*** -0.0177 0.0271 0.00867 0.0700%** 1

(25) Assault -0.311%%* -0.0661%** -0.0937%*+* -0.0360 0.0792%** 6.0750*** -0.0820%** -0.0493** 0.0311 0.0260 6‘0822*** -0.0418* -0.0147 -0.0195 -0.0144 -0.106%** 6.0786*** 6.0910*** -0.0100 0.0280 0.0276 -0.0594%** -0.228%** 0.0347 1

(26) Fall 0.508%** 0.135%** 0.168%** -0.0637*** -0.0805%** 0.0812%** 0.186%** 0.179%** -0.0303 6.0676*** 0.0690%*** 0.0364 0.0245 -0.0141 0.0361 0.0931%*** 0.152%** 0.197*** 0.144%** -0.00579 -0.114%%* 0.140%** 0.407%** 0.140%** -0.300%** 1

(27) Chest and pulmonary injury -0.162%** 0.0497%* -0.0359 0.0479* 0.151%** 0.0506** -0.0388* 6.0804*** 0.134%* 0.0223 0.0292 0.0102 0.0923***  0.0718***  -0.0435* 6.0778*** -0.214%%* -0.168%*** -0.110%** -0.0411* -0.0320 -0.0272 6.0634*** -0.130%** 0.0387* -0.145%** 1

(28) Internal organ injury -0.200%** -0.0270 -0.0378%* 0.105%** 0.252%*% 0.0363 -0.00766 -0.0123 0.0301 -0.0111 0.0154 -0.0492%** 0.0305 -0.0152 0.0372 -0.0430% 6.0846*** -0.129%** -0.00315 -0.0483* 0.0114 6.0728*** -0.154%%* -0.0789%** -0.0291 -0.103%** 0.122%%* 1
(29) Skull fracture -0.153%%* 0.00532 -0.126%%* 0.0569** 0.182%** 0.0292 -0.0148 -0.0616%* 0.0941%**  0.0631%** 6‘0690*** 6.0958*** 0.109%** 0.119%** -0.0529%** -0.00406 -0.0303 -0.00616 0.107*** 0.154%%* 0.0833%** 0.0730%**  -0.0261 -0.0701*** 0.0896***  -0.0435* 0.103%*** -0.0370 1
(30) Non-skull fractures -0.196*** 0.0817*** 0.0830%*** 0.101%** 0.173%%% 0.0536%* -0.0479* -0.138%** 0.00368 0.0472* -0.0252 -0.107*** 0.0325 -0.0407* 6.0835*** -0.104%** -0.361%** -0.321%%* -0.129%** -0.0416% -0.0628%** -0.0356 -0.131%%* -0.126%** -0.0190 -0.258%** 0.336%** 0.143%%* 0.201%** 1

*p<0.05 **p<0.01 ***p<0.001
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As a second step and to determine independent risk factors associated with the development of
cardiac dysfunction and their relative impact, we used multiple logistic regression analysis (Table
7). We found that older patients and those with cardiac risk factors had a lower prevalence of
cardiac dysfunction (P-value = 0.0007 and 0.0004, respectively). The duration of stay in the
hospital was not related to the incidence of cardiac dysfunction (P-value = 0.1263). We eliminated
the injury severity score and loss of consciousness from the list of variables due to a large amount

of missing data in these two variables.

The patient's initial GCS had a slight significant relationship with the occurrence of cardiac
dysfunction (P-value = 0.0607). The results of laboratory tests and electrolyte levels did not show
statistical significance. There was no significant relationship between cerebral hemorrhages and
the incidence of cardiac disorders. However, there is a low significant relationship between
cerebral contusion and cardiac dysfunction (P-value = 0.0653). No meaningful relationship was
found between intracranial hypertension and the occurrence of cardiac dysfunction (P-value =
0.4844). There is also a low significant relationship between cardiac dysfunction and falling (P-
value = 0.0662). We omitted 'driving accidents' from the list of trauma mechanisms due to its
strong correlation with falling, which in turn creates a multicollinearity problem in the regression
model. The findings indicate that patients with skull fractures and non-skull fractures (such as rib
fractures, spinal fractures, etc.) are more likely to develop cardiac dysfunction (P-value = 0.0176

and 0.0108, respectively).

Table 7: Multiple logistic regression results

Independent Variable: The LOGISTIC Procedure

Cardiac dysfunction Analysis of Maximum Likelihood Estimates
Number of observations = 880

DF Standard Wald Error Chi- Pr > ChiSq

Estimate Square
Intercept 1 2.5395 0.5526 21.1221  <.0001
Age 1 -0.0183 0.00540 11.4701  0.0007***
Sex 1 0.0241 0.0884 0.0744  0.7850
Injury severity criteria:
GCS initial 1 -0.0498 0.0266 3.5171  0.0607*
Length of stay in hospital 1 -0.00742 0.00486 2.3375  0.1263
Hemorrhagic shock 1 -0.0335 0.3870 0.0075  0.9310
Laboratory test results:
Anemia 1 -0.1309 0.2391 0.2995  0.5842
Hyper Creatinine 1 -0.0310 0.1027 0.0908  0.7631
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Hypernatremia 1 -0.1952 0.2098 0.8660 0.3521
Hyponatremia 1 -0.00062 0.1809 0.0000  0.9972
Hypokalemia 1 0.1848 0.1800 1.0537  0.3047
Hyperkalemia 1 -0.1575 0.1841 0.7321 0.3922
Hypocalcemia 1 -0.1781 0.1965 0.8211 0.3649
Hypomagnesemia 1 -0.1890 0.1977 0.9139 0.3391
Hypophosphatemia 1 0.2648 0.2175 1.4826 0.2234
Hypoglycemia 1 0.3651 0.3772 0.9369 0.3331
Hyperglycemia 1 -0.0124 0.1823 0.0047 0.9456
Brain CT scan
characteristics:
Marshall grade 1 0.0204 0.0684 0.0890  0.7654
SDH 1 0.0765 0.1055 0.5257  0.4684
SAH 1 0.0728 0.0969 0.5651 0.4522
Contusion 1 0.1887 -0.1024 3.3979  0.0653%
High ICP 1 0.1342 0.1919 0.4889  0.4844
Past medical history:
Autoimmune / 1 0.2997 0.2274 1.7370  0.1875
Inflammatory /
Rheumatology
Cardiac risk factors 1 -0.6894 0.1963 12.3276  0.0004***
Neurological disease 1 0.1931 0.1963 0.9673 0.3253
Mechanism of trauma:
Assault 1 -0.3275 0.3746 0.7641 0.3821
Fall 1 -0.3576 0.1946 3.3753 0.0662*
Associated injuries:
Chest and pulmonary 1 -0.00931 0.2821 0.0011 0.9737
injury
Internal organ injury 1 0.9389 0.5268 3.1766  0.0747+
Skull fracture 1 0.5889 0.2480 5.6382  0.0176**
Non-skull fractures 1 0.4786 0.1878 6.4962 0.0108**

p values in brackets, ****:p<0.001, ***:p<0.01, **:p<0.05, *:p<0.1

As the final step, we checked for the Variance Inflation Factor (VIF) test in the regression model
to assess multicollinearity between dependent and independent variables. The regression model
estimates that the coefficients become unstable as the degree of multicollinearity increases, and
the standard errors for the coefficients become highly inflated. As a rule of thumb, a variable whose
VIF values are greater than 10 may need further investigation. The VIF test in our model shows
there is no multicollinearity problem in the regression (mean VIF = 1.60). It means that the

variables have little effect on each other and does not create any major multicollinearity problem

(Table 8).
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Table 8: The degree of multicollinearity

Variable VIF Variable VIF
Fall 3.69 High Creatinine 1.36
Age 2.27 Hypokalemia 1.35
Hypophosphatemia 1.96 Hyperglycemia 1.30
Marshall grade 1.89 Hyponatremia 1.29
GCS initial 1.86 Hypocalcaemia 1.27
SDH (yes/no) 1.86 Hemorrhagic shock 1.26
Assault 1.79 Anemia 1.25
Cardiac risk factors 1.75 Internal organs injury 1.25
Hypomagnesemia 1.66 Hyperkalemia 1.23
Hypernatremia 1.58 Skull fracture 1.23
Contusion (yes/no) 1.53 Chest and pulmonary injury 1.22
SAH (yes/no) 1.48 Sex 1.17
Length of stay in hospital (days) 1.46 Autoimmune/inflammatory/rheumatology disease 1.13
Non-skull fractures 1.45 Hypoglycemia 1.10
High ICP (yes/no) 1.38 Neurologic disease 1.09
Mean VIF 1.60

We finally examined the effect of various cardiac factors on patients' Glasgow Outcome Score
(GOS) (Table 9). The findings indicate an inverse relationship between high serum Creatinine
Kinase and Troponin levels and patients' outcomes (P-value = 0.017 and 0.000, respectively). The
model also demonstrates that the impact of cardiac arrhythmia and ST-segment changes on GOS
levels is significant (P-value = 0.002 and 0.006, respectively). However, no significant relationship
was observed between repolarization abnormality and ischemic events on the GOS level (P-value

=0.157 and 0.467, respectively).
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Table 9: The effect of cardiac factors on patients' Glasgow Outcome Score (GOS)

Source SS df MS Number of obs 916
Model 238.43415 6 39.739025  F(6,909) = 23.18
Residual 1558.51236 909  1.71453505 Prob>F = 0.0000
Total 1796.94651 915 1.96387596 R-squared = 0.1327
Adj R-squared = 0.1270
Root MSE = 1.3094
Independent variable: The LOGISTIC Procedure

GOS
Number of observations=

916

Analysis of Maximum Likelihood Estimates

Coef. Std. Err. t Pr>t
Intercept 5.058692 .087704 57.68 0.000
High Creatine Kinase -.2484503  .1036291 -2.40 0.017*
High Troponin -1.073516  .1190458 -9.02 0.000%**
Cardiac arrhythmia -.341085 1077711 -3.16 0.002%*
ST-segment change -.2703482  .0972119 -2.78 0.006**
Repolarization abnormality  -.1896763  .1338092 -1.42 0.157
Cardiac ischemic event 119431 .164088 0.73 0.467

p values in brackets, ***: p<(0.001, **:p<0.01, *:p<0.05, +:p<0.1

Variance Inflation Factor (VIF) matrix

Variable
Repolarization
abnormality

Cardiac ischemic event
Cardiac arrhythmia
ST-segment change

High Troponin

High Creatine Kinase

VIF
1.69

1.50
1.45
1.25
1.08
1.05

1/VIF.
0.591624

0.668425
0.690455
0.801825
0.925310
0.952142

Mean VIF

1.34
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Chapter 5 — Discussion, conclusion, and future directions

In the study that comprised 921 patients with TBI, a large number of the patients developed cardiac
dysfunction (588, 63.8%). The incidence of cardiac dysfunction following TBI ranges significantly
(varying from 0% to 50%) among current studies (78, 87-91). This disparity can be attributed to
variations in the study design, sample size, age of the patient population, TBI severity, and
heterogeneity in the definition of cardiac dysfunction. In their study of 59 patients with isolated
TBI, Krishnamoorthy et al. found that ECG changes (particularly repolarization abnormalities and

prolonged QTc) are common after TBI (64), which is consistent with our findings.

The possible explanations for the high incidence of cardiac events after brain trauma in our study

include the following:

1. Some of the patients could have had an undiagnosed cardiac event recently that was not
recorded nor captured by history-taking. The precedent undiagnosed cardiac issues could
also have led to brain trauma. For instance, a transient ischemic attack in conjunction with
a cardiac disease could cause people to fall from heights or become involved in a car
accident.

2. For elderly patients or those with pre-existing cardiac conditions, TBI can cause stress,
leading to aggravation of their cardiac complications.

3. Cardiac complications could be caused by brain damage alone. For instance, Gilbert and
Seiler et al. (61, 62) found left ventricular dysfunction and new regional wall motion
abnormalities in a considerable number of brain-dead patients. In another study, Povoa et
al. (73) showed electrical cardiac dysfunction, including repolarization abnormalities, in

37.5% of TBI patients.

This high percentage of cardiac disease in patients with brain trauma can have a detrimental effect
on their evaluation and treatment process. For instance, some common treatments for cardiac
complications, such as anticoagulants or anti-platelets, cannot be prescribed early in the treatment
period to patients with brain trauma. These therapeutic restrictions of cardiac dysfunction in the
setting of an acute TBI can make the treatment process more complicated and increase morbidity

and mortality.
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The prevalence of electrical cardiac dysfunction in patients was higher than ischemic and
myocardial disorders. This is due to the fact that echocardiogram was not available for a big portion
of patients in our study. The low percentage of myocardial dysfunction could be described to the

small number of available echocardiograms for our patients.

There was no statistically significant relationship between the incidence of cardiac dysfunction
and cerebral hemorrhage (such as subarachnoid, subdural, and epidural hemorrhage, or even
intracranial hypertension). However, a weak relationship was observed between cerebral contusion
and cardiac disorder. Due to multicollinearity, it was not possible to include SDH
(unilateral/bilateral) and SAH (focal/diffuse) simultaneously in the multiple logistic regression.
However, after accounting for multicollinearity, we still did not find any significant relationship
between the severity of cerebral hemorrhage and cardiac dysfunction (P-value = 0.925 for SDH
unilateral/bilateral and 0.427 for SAH focal/diffuse). This finding is in line with previous studies
that did not find any relationship between ECG abnormalities and SDH characteristics, including
side, size, or mass effect onto deeper structures (92). The authors’ interpretation of this finding is
that considering the extra-parenchymal location of SDH, the deep grey matter structures or the
insula are not affected directly, except for a large SDH that can cause a mass effect and elevated

ICP.

In addition, the findings suggest that there was no significant relationship between higher Marshall
degrees (which predict worse outcomes in patients with intracranial injuries) and cardiac
complications. Our results show a significant relationship between the occurrence of cardiac
dysfunction and lower GCS levels in patients. It means that patients who had lower levels of
consciousness on arrival at the hospital and responded less to stimuli were more likely to
experience cardiac problems. This finding is consistent with a prospective study of 32 patients
with moderate to severe TBI, which found that a low GCS score on admission was one of the risk

factors for developing systolic dysfunction (89).

Except for the relationship between GCS levels and cardiac dysfunction, our findings reject the
hypothesis regarding a link between the occurrence of cardiac dysfunction and the severity of the
intracranial injury. In particular, our findings show that there is no significant relationship between

the occurrence of cardiac dysfunction and intracranial hypertension. This could be explained by
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the fact that the number of patients with elevated ICP in our research was not that high (58 patients,

6.2%). Therefore, the results are not conclusive due to insufficient data.

Our findings demonstrate that the incidence of cardiac disease is higher in younger patients
admitted to the hospital with TBI. This finding is consistent with the results of previous studies,
indicating that younger age is a risk factor for developing systolic dysfunction after moderate to
severe TBI (93). This result can be explained by the fact that younger people are more likely to
suffer from severe injuries and serious traumas (e.g., car accidents, assault, suicide attempts, work
accidents, etc.). Another reason could be associated with the greater myocardial catecholamine

responsiveness in young people (89).

In assessing the severity of the injury, we were not able to consider the injury severity score and
loss of consciousness in our analysis due to a large portion of missing data in our sample for these
two variables. We only had initial GCS and Marshall grade to assess the severity of the injury. The
incidence of cardiac dysfunction was significantly related to the initial GCS. However, GCS is not
an appropriate predictor for the development of cardiac dysfunction in TBI patients due to its low
correlation with the actual extent of TBI (94). If sufficient ISS and loss of consciousness data are
included, perhaps a strong and meaningful relationship could be found between the injury severity

score and cardiac dysfunction.

Our findings suggest the existence of a weak relationship between cardiac dysfunction and falling,

which is one of the most common trauma mechanisms.

The findings also provide support for a negative relationship between the history of underlying
cardiac risk factors (including diabetes mellitus, hypertension, hyperlipidemia, smoking, and
obesity) and cardiac complications among patients. We expect people with cardiac risk factors to
be more likely to develop cardiac dysfunction in the future; however, we only examined patients
during their hospitalization. The majority of the patients in our study were older adults with a
cardiac risk factor and who may not be taking proper care to address their underlying disease.
However, when they were in the hospital, all of their vital signs and test results (such as blood
sugar, blood pressure, etc.) were closely monitored. This can explain the negative relationship

between the existence of underlying cardiac risk factors and cardiac dysfunction incidence, and
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demonstrates that more routine care may be needed for patients with cardiac risk factors, for
example, considering special clinics to routinely monitor the medical condition of diabetic patients

or patients with high blood pressure.

We found a strong relationship between orthopedic problems, including skull fractures and non-
skull fractures, and cardiac dysfunction. Our findings further suggest that patients with internal
organ injuries are more likely to develop cardiac dysfunction. This can be related to extreme
bleeding following orthopedic complications or internal organ injury, which reduces the

ventricular preload.

An inverse relationship was noted between high serum creatinine kinase, high troponin levels,
cardiac arrhythmia, ST segment changes, and patients’ GOS. This means that patients with cardiac
changes that resemble ischemia (ST-segment changes) and elevated cardiac enzymes are expected
to require a prolonged rehabilitation period before being able to return to work and everyday life.
This finding is in line with other studies which demonstrated that electrocardiographic changes
following neurologic hemorrhage can influence a patient’s outcome. For example, a study of 588
patients with aneurysmal cerebral hemorrhage reported that ischemic-like changes after
aneurysmal SAH were correlated with a higher mortality rate (95). In two other studies conducted
by Collier and Xin et al., the extent of ECG changes was found to be correlated with brain damage
severity. In addition, greater ST and QT changes were associated with a worse neurological

outcome (71, 96).

Conclusion and future directions:

The present study provides insights for practitioners treating patients with cardiac problems
resulting from TBI. Our analysis would help practitioners identify TBI patients who are prone to
developing cardiac dysfunction caused by brain injuries. It provides insights for minimizing the
incidence of cardiac complications by considering important factors, such as the patients’ age,
GCS, orthopedic, and internal organ injuries. Ultimately, by performing electrocardiography and
echocardiography for high-risk patients, they can be screened for cardiac dysfunction, thereby
helping identify these conditions at an early stage and facilitating the proper treatment of high-risk

patients.
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This study has a number of limitations. First, exact information on the subtype and severity of the
pre-existing cardiovascular diseases could not be obtained in a retrospective study. ECG and
echocardiographic data prior to the participants’ presentation to the hospital with TBI were only
available in certain cases. Therefore, we could not precisely determine how many of the ECG and
echocardiographic abnormalities were chronic. The exclusion of patients with a cardiovascular
disease based on history may have led to selection bias. We also did not have enough data for a
few variables, such as the injury severity score. This limitation could be eliminated by conducting
a prospective study. To overcome the limitation of missing data, future research in this avenue can
focus on studying cardiac complications in patients with intracranial hypertension in a prospective
rather than retrospective way. Another important next step would also be to compare the incidence

of cardiac dysfunction between patients with and without TBI.
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