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Traumatic brain injury (TBI) is a condition caused by a blow or jolt to the head. TBI may be classified as mild,
moderate, or severe based on several criteria, including the duration of loss of consciousness (LOC), when
present. While the majority of mild TBI (mTBI) patients recover without intervention, a subset of patients experience
persistent and debilitating symptoms. Therefore, prediction of symptom development in mTBI patients remains an
ongoing research goal. LOC is associated with adverse outcomes after mTBI, such as cognitive and memory
deficits; psychiatric disorders; physical symptoms; and brain abnormalities associated with the aforementioned

impairments.

mild traumatic brain injury loss of consciousness symptom development

| 1. Introduction

Traumatic brain injury (TBI) is a condition caused by a blow or jolt to the head as a result of motor vehicle
accidents, falls, blast injuries, or other mechanisms, and is a leading cause of death and disability in the United
States [, TBI may be classified as mild, moderate, or severe based on the duration of loss of consciousness
(LOC), alteration of consciousness (AOC), and post-traumatic amnesia (PTA); structural imaging; and the Glasgow
Coma Scale (GCS), which assesses depth of consciousness on a scale of 3—-15 whereby 13-15 indicates mild, 9—
12 moderate, and 3-8 severe TBI 2. The vast majority of TBI cases (80-90%) are considered mild; however, the
perceived mildness of the condition produces barriers for patients to receive proper treatment B, Although mTBI-
related symptoms can resolve without intervention, a subset of patients develops persistent symptoms, which is
referred to as post-concussive or post-concussion syndrome (PCS) 4B, Approximately 10-40% of mTBI cases are

accompanied by LOC lasting less than 30 min B, and LOC may be associated with adverse outcomes.

| 2. Cognitive and Memory Deficits

The presence and duration of loss of consciousness (LOC) are associated with cognitive deficits after mTBI. LOC
was associated with cognitive deficits and slow recovery of cognitive function B, Among military personnel and
civilian contractors, longer duration of LOC was associated with a greater decline in accuracy on the Automated
Neuropsychological Assessment Metric (ANAM), which measures reaction time, learning, and memory, between
baseline and post-injury tests . Among veterans stratified into reduced or intact executive function subgroups,

LOC was more prevalent in the reduced executive function subgroup 9. Service members and veterans with LOC
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after combat-related mTBI reported memory problems 212l | onger LOC (1-20 min) was associated with greater
impairment rates in declarative memory and executive function tasks compared to mTBI with shorter LOC (<1 min)
and control groups 2, In an earlier study by the same team, longer LOC (1-20 min) was associated with deficits in
event-based tasks of prospective memory (PM), defined as remembering the intention to perform a task, compared
to the LOC < 1 min group but not the control group, whereas both LOC groups had impairments in time-based PM
tasks (14, Deficits in prospective memory may translate to a worse ability to perform daily tasks. This is consistent
with a study reporting that LOC was associated with incomplete functional recovery, defined as the ability to
perform activities of daily living, 1 and 3 months after mTBI compared to groups with altered mental state (AMS)
and neither LOC nor AMS 28], AMS is an interchangeable term for AOC, one of the criteria used to diagnose and
classify TBI. Altogether, these studies have reported a negative association between mTBI with LOC and cognitive
performance as measured by executive function, reaction time, memory, and attention tests, which may have

implications for daily functioning.

Interestingly, several studies have reported better cognitive performance associated with LOC following mTBI. For
example, LOC duration was inversely correlated with forgetfulness and overall cognitive impairment in the
Neurobehavioral Symptom Inventory (NSI) in male veterans 8. However, no such cognitive correlation existed in
female veterans, suggesting sex-specific effects on the relationship between LOC and these outcome variables 18],
In an attention switching task, the difference in reaction time to trials where the placement and direction of arrows
on a screen are the same (congruent) or different (incongruent) is referred to as the congruency cost 174, In this
study, mTBI with LOC was associated with lower congruency cost in the attention switching task than mTBI without
LOC, which indicated better cognitive performance as less time was needed to complete more difficult tasks 7.
Additionally, LOC was associated with improved visual working memory in students who had sustained mTBI
resulting from sports or other causes 18, One possibility presented by the authors is that LOC may have prompted
patients to seek medical care; in contrast, patients not experiencing LOC may have returned to play before
recovering fully and thus risked re-injury X8 These studies indicate that the relationship between LOC and
cognitive performance can be inconsistent, and more research needs to be done to reconcile these

inconsistencies.

| 3. Psychiatric Disorders

LOC after mTBI is associated with the development of psychiatric disorders, including post-traumatic stress
disorder (PTSD) and major depressive disorder (MDD). One study reported that LOC was associated with MDD
and emotional lability, a condition characterized by exaggerated and rapidly fluctuating emotions ©. Among
patients stratified by age, sex, and LOC status, LOC was associated with development of anxiety, suicidal ideation,
and MDD within a 180-day period after admission for mTBI 22, Importantly, all age and sex subgroups with LOC
had higher odds of developing MDD [19l. LOC was associated with greater development of MDD compared to
AOC/AMS groups and other (non-TBI) injury groups in soldiers studied several months after deployment 111201,
LOC after mTBI was associated with greater self-reported MDD and somatic symptom disorder (SSD) symptoms

compared to the mTBI without LOC group and the non-TBI group in wounded service members 2. Previous
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studies suggest that mTBI with LOC is associated with increased development of MDD and other psychiatric

disorders.

In addition to MDD, LOC after mTBI is associated with the development of PTSD. In soldiers studied several
months after returning from deployment, LOC was associated with greater development of PTSD compared to the
AOC/AMS groups and other (non-TBI) injury groups 1129 |n service members sustaining mTBI after blast injury,
LOC was associated with the development of PCS and PTSD after deployment (22, LOC following blast-related
MTBI was associated with acute stress reactions (ASRs), including dissociation, re-experiencing, avoidance, and
hyperarousal in veterans 12, These symptoms resemble those of PTSD, but they have a much more transient time
course, typically resolving within a few days after a traumatic incident (2. Similarly, LOC was associated with
avoidance symptomology of PTSD, although not re-experiencing or hyperarousal, and lower psychological quality
of life in veterans 23l In contrast, LOC was associated with higher re-experiencing/intrusion cluster scores
compared to head injury without LOC and no head injury groups at 8 months, and elevated PTSD symptom scores
at both 10 days and 8 months after a motor vehicle accident (24, In a longitudinal study following a trajectory of
PTSD symptoms over a year after mTBI, LOC was associated with a chronic trajectory marked by consistently high
PTSD symptom scores throughout the study 2. Overall, these clinical studies provide evidence that mTBI with

LOC may increase development of psychiatric disorders, including PTSD, compared to mTBI without LOC.

The relationship between LOC and PTSD is controversial, as unconsciousness may theoretically protect against
trauma by preventing full awareness and processing of the traumatic event, as discussed in 21, Interestingly, this
study also reported that mTBI with LOC was associated with greater PTSD symptom self-reporting compared to
the non-TBI group, but not compared to the mTBI without LOC group, which was unexpected 21, In contrast, LOC
was associated with more PTSD symptoms compared to the head injury groups and no injury groups at 10 days
and 8 months after a motor vehicle accident, with elevated re-experiencing/intrusion cluster scores at 8 months
post-injury 24, Interestingly, these patterns emerged despite equal levels of fear and threat perception among
groups during the accident 241, Importantly, these findings remained the same when the data was re-analyzed with
the omission of PTSD-related amnesia 24, The authors suggest several explanations for these findings, such as
impaired fear extinction due to psychological disturbances or neuronal damage; cognitive deficits which may impair
ability to cope with and process the situation; physical symptoms which may serve as reminders of the event; or
the traumatic memory being preserved, as the traumatic memories may be more pronounced with the absence of
memories immediately following the incident 24, Much of the literature on the relationship between LOC, PTSD,
and memory is focused on more severe TBI; therefore, more research on these relationships in mTBI patients is

warranted.

| 4. Physical Symptoms

LOC after mTBI is associated with various physical symptoms, including headache, dizziness, and balance
problems. The duration of LOC in women, but not men, was positively correlated with loss of balance, poor
coordination, fatigue, and overall vestibular impairment score on the NSI in a study comparing male and female

veterans (181, Additionally, LOC was associated with balance problems and fatigue; interestingly, every patient with
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LOC in this study reported headache 8. In military personnel, LOC was associated with greater levels of plasma
interleukin (IL)-6, a pro-inflammatory cytokine, and greater self-reported pain levels 28, In soldiers recently
returning from deployment, mTBI with LOC was associated with headache, balance problems, and musculoskeletal
pain (11 or headache alone 22 compared to other injuries, with no association between AOC/AMS and physical
symptoms 1129 BJast-related mTBI with LOC was associated with hearing loss and with difficulty sleeping that
persisted at a follow-up visit 48-72 h later (12 LOC after mTBI was associated with more self-reported somatic
symptoms compared to mTBI without LOC and non-TBI groups in wounded service members 21, Therefore, the

presence and duration of LOC following mTBI increased the risk of developing adverse physical symptoms.

Several studies have demonstrated that psychological factors may underlie adverse health outcomes in mTBI
patients. For example, adjustment for ASRs nullified the initial associations of LOC with ringing in ears and balance
problems after blast-related mTBI in military personnel, and the remaining associations were weakened 22, |n
soldiers surveyed several months after returning from deployment, mTBI with LOC was initially associated with
almost all health-related outcomes and post-concussive symptoms measured when compared to other injuries (1]
(20 However, few associations remained significant when adjusted for PTSD, MDD, and other factors 11120
Additionally, the remaining LOC-associated symptoms were more strongly associated with PTSD and MDD than
with LOC L1201 This confounding effect may be explained by an overlap between adverse symptoms commonly
reported after mTBI and those associated with PTSD and MDD, such as sleeping problems 11291231 Taken
together, these studies demonstrate that psychological factors partially influence poor physical health outcomes
associated with LOC after mTBI.

| 5. Brain Abnormalities

Variations in LOC after mTBI are associated with structural brain abnormalities which may contribute to functional
deficits such as cognitive, psychiatric, and physical symptoms. Magnetic resonance imaging (MRI) demonstrated
that LOC was associated with greater thickness of the left and right rostral anterior cingulate cortices (rACC), which
itself was predictive of a chronic PTSD somatology trajectory marked by high PTSD symptom scores with minimal
improvement 23], LOC was also associated with a chronic PTSD trajectory, indicating direct a relationship between
brain abnormalities, PTSD symptomology, and LOC [23l. A variation of the standard MRI technique is diffusion
tensor imaging (DTI), which uses the movement of water molecules to measure white matter integrity. Fractional
anisotropy (FA), a measure of directional movement along the axon, is proportional to white matter integrity, while
radial diffusivity (RD), which measures diffusion perpendicular to the axon, is inversely related to white matter
integrity; in other words, low FA and high RD are indicative of impaired white matter integrity. A DTI study found that
lower FA in the internal capsule was associated with greater PTSD symptoms in patients with LOC following blast-
related mTBI [ZZ. Another DTI study revealed that LOC was associated with increased RD in the ventral prefrontal
white matter (VPFWM) compared to AOC and control groups 9. VPFWM FA was decreased in patients with
reduced executive functioning, who were significantly more likely to have LOC; therefore, loss of white matter
integrity in the ventral prefrontal area may explain the deficits in executive functioning observed in patients with

LOC 9. |n summary, associations between LOC after mTBI and outcomes discussed previously have underlying

https://encyclopedia.pub/entry/44324 4/11



Loss of Consciousness Predicts Development of mTBI Symptoms | Encyclopedia.pub

neural correlates, which are themselves associated with LOC. While much of the literature has reported
abnormalities in brain function and structure in patients with mTBI, only a handful of papers discuss a direct
interaction between brain abnormalities, LOC status, and symptoms; more research on these interactions is

warranted.

| 6. Conclusion on Clinical mTBI and LOC

In patients with mTBI, LOC can be a useful predictor of symptom development and severity. LOC has been
associated with adverse effects such as deficits in cognition, learning, and memory; psychiatric disturbances such
as PTSD and MDD; physical symptoms such as headache; and brain abnormalities, particularly in white matter
areas. As such, one can predict that mTBI patients with LOC are more likely to develop adverse effects. Clinicians
should triage mTBI patients with LOC and monitor them to prevent worsening symptoms, particularly in the context
of return-to-play decisions in athletes or return to duty in military personnel. Additionally, literature on brain
abnormalities has revealed associations with adverse outcomes. In particular, DTI analysis of white matter is a
sensitive neuroimaging modality that is gaining popularity among clinicians and clinical researchers. LOC following
mTBI may be a useful indication for this advanced imaging technique, allowing for more accurate detection of

mTBI-related abnormalities that traditional techniques may miss.
A summary of the referenced studies is provided in Table 1.

Table 1. A summary of clinical studies. mTBI = mild traumatic brain injury; LOC = loss of consciousness; AMS =
altered mental status/altered mental state; MDD = major depressive disorder; PTSD = post-traumatic stress
disorder; ANAM = Automated Neuropsychological Assessment Metric; AOC = alteration of consciousness; EMED =
Expeditionary Medical Encounter Database; PCS = post-concussive/post-concussion syndrome; ASR = acute
stress reaction; FA= fractional anisotropy; QoL = quality of life; CLSA = Canadian Longitudinal Study on Aging; PM
= prospective memory; IL-6 = interleukin 6; PTA = post-traumatic amnesia; NSI = neurobehavioral symptom
inventory; HeadSMART = Head injury Serum Markers for Assessing Response to Trauma; AST = attention
switching task; rACC = rostral anterior cingulate cortex; MS-TBI = moderate-to-severe TBI; SSD = somatic

symptom disorder.

Patient Nature/Cause of  Timing of
Author, Year Population Injury Assessment Groups Outcomes
. mTBI patients Motor vehicle LOC pro '
Vanier et o . . MDD, fatigue,
8] in litigation for accidents, fall, Variable mTBI . .
al., 2020 S . emotional lability,
brain injury assault, other without . . .
cognitive deficits with
LOC
slow recovery
Luethcke et Military Blast injury, non- Within 72 h of  Blast mTBI LOC duration
al., 2011 @ personnel and blast injury (blunt injury Non-blast correlated with
civilian object, mTBI greater decline in
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Author, Year

Sorg et al.,
2014 19

Wilk et al.,
2012 [11]

Norris et

al., 2014
[12]

Bedard et

al., 2020
[13]

Bedard et

al., 2018
[24]

Patient
Population
contractors in

Iraq

Afghanistan
and lraq war
veterans

Soldiers
returning from
Afghanistan
and Iraq

Military
personnel in
Afghanistan

mTBI patients
from CLSA
cohort

mTBI patients
from CLSA
cohort

Nature/Cause of
Injury
sport/recreation,
falls, motor vehicle
accident)

Blunt or blast
injury

Blast/explosion,
bullet,
fragment/shrapnel,
fall, vehicle crash,
or other

Blast-related injury

Not specified

Not specified

Timing of

Assessment

Variable

4—6 months
after
deployment

mTBI
diagnosis
within 72 h of
injury; follow-
up 48-72 h
later

1 year or
more after
mTBI

1 year or
more after
mTBI

Groups

No LOC
LOC<1
min
LOC 1-20
min
LOC >20
min

mTBI with
LOC

mTBI with
AOC

Controls

Single
AOC
Single
LOC
Multiple
AOC
Multiple
(1+) LOC
Other
injuries
No injury

mTBI with
LOC
mTBI
without
LOC

LOC <1
min
LOC 1-20
min
Controls

LOC <1
min
LOC 1-20
min
Controls

Outcomes

ANAM accuracy
scores between
baseline and post-
injury tests

LOC associated with
reduced executive
functioning, reduced
ventral prefrontal
white matter integrity

LOC associated with
MDD, PTSD,
headache, memory
problems, balance
problems,
musculoskeletal pain

LOC associated with
ASRs, memory
problems, hearing
loss, difficulty
sleeping, increased
symptom reporting

LOC 1-20 min
associated with
higher impairment
rates in declarative
memory and
executive functioning
tasks

LOC 1-20 min
associated with worse
performance on
event-based PM
tasks compared to
LOC <1 min, but not
compared to controls;
both LOC groups had
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Author, Year

Roy et al.,
2020 13

Gray et al.,
2020 161

Karlsen et

al., 2021
[17]

Arciniega et

al., 2020
[18]

Shahrestani

et al., 2022
[19]

Patient
Population

mTBI patients
from
HeadSMART
cohort

Retrospective
study of
veterans from
Polytrauma
Network Site

mTBI patients
in Trondheim
mTBI follow-up
study

Undergraduate
students with
mTBlI

Retrospective
cohort analysis
of mTBI
patients from
Nationwide
Readmission
Database

Nature/Cause of

Injury

Blunt head trauma

by pedestrian
struck, motor
vehicle collision,
fall, assault, struck
by or against and
object, bicycle
collision, other

Blasts, motor
vehicle accidents,
falls, blunt trauma

Fall, violence,
bicycle, sport
motor vehicle
accident, struck
object, other

Closed-head injury
from non-sport
causes or
individual, high-
impact, or team
sports

Not specified

Timing of
Assessment

Medically
evaluated
within 24 h of
mTBI;
functional
recovery
assessed 1,
3, 6 months
after TBI

Variable

Approximately

2 weeks
following
mTBI

Average of 4
years after
injury

Followed until

readmission
within 180
days after
primary
admission

Groups

AMS only
LOC only
LOC and
AMS
Neither
LOC nor
AMS

Men or
women
mTBI with
LOC mTBI
with AOC
mTBI with
PTA

mTBI with
LOC
mTBI
without
LOC
Community
controls
Trauma
controls

mTBI with
LOC
mTBI
without
LOC
Controls

mTBI with
LOC
mTBI
without
LOC
Male or
female

Outcomes

impairments in time-
based PM tasks

LOC associated with
incomplete functional
recovery 1 and 3
months after injury

-LOC duration
correlated with loss of
balance, poor
coordination, fatigue,
worse vestibular
score on NSl in
women
-LOC duration
correlated with less
forgetfulness and
better cognitive score
on NSl in men

LOC associated with
lower congruence
cost (better
performance) on AST

LOC associated with
better visual working
memory

LOC patients had
higher rates of MDD
in all groups, age-
and sex-dependent
increases in anxiety
and suicidal ideation
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Author, Year

Hoge et al.,
2008 29

Kim et al.,
2023 (21

Eskridge et

al., 2013
122]

Sofko et al.,
2016 [23

Roitman et

al., 2013
[24]

Patient
Population

Soldiers
returning from
Iraq

mTBI or MS-
TBI service
members in
Irag and
Afghanistan

Retrospective
study of male
service
members in
Irag from the
EMED

Afghanistan
and Iraq war
veterans

Motor vehicle
accident
survivors

Nature/Cause of

Injury

Blast or explosion,
bullet, fragment or
shrapnel, fall,
vehicle accident,

other

Not specified

Blast-related injury

Fragments,

bullets, vehicular
accidents, falls or

blasts

Motor vehicle

accident

Timing of

Assessment

3—4 months
after
deployment

Initial intake
within a few
days of injury,
initial
assessment
upto72h
later, follow-
ups 075
days (AP1)
and 90-365
days (AP2)
post-injury

mTBI
diagnosed
within 48 h of
injury;
variable
follow-up

Shortly
following
intake for

PTSD
treatment

Admission
average of 1.5
h after the
accident;
PTSD
evaluation 10
days and 8
months later

Groups

Age <26,
26-50, 51—
75, >75
years old

mTBI with
LOC

mTBI with
AMS
Other
injury

No injury

mTBI with
LOC
mTBI
without
LOC
MS-TBI
Non-TBI

mTBI with
LOC
mTBI
without
LOC

mTBI with
LOC
mTBI
without
LOC

LOC
Head injury
No head
injury

Outcomes

LOC associated with
headache, MDD,
PTSD

mTBI with LOC
associated with:
-higher
MDD and SSD vs.
mTBI without LOC
-higher PTSD, MDD,
and SSD vs. non-TBI

LOC associated with
PTSD and PCS

LOC associated with
avoidance, lower
psychological QoL,
and more post-
concussive symptoms

LOC associated with
elevated PTSD
scores at 10 days and
8 months vs. head
injury and no head
injury groups;
elevated PTSD
prevalence and re-
experiencing/intrusion
cluster scores 8
months post-injury
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Patient

Author, Year Population

mTBI patients
from trauma

Kosaraju et
al., 2022 center study of
[25] serum
biomarkers
and PTSD
Active duty
Kanefsky et pgggirg/el
al.,[22_6(]) = recruited from
sleep study
cohort
Hayes et Afghanistan
al., 2015 and Iraq war
2 veterans
References

Nature/Cause of
Injury

Interpersonal,
motor vehicle
accident, other

Not specified

Blast-related injury

Timing of

Assessment

Enrolled at
initial ED visit;
PTSD
symptom
evaluation 1,
3,6,12
months after
enrollment

3-18 months
after returning
from
deployment

Variable

Groups

mTBI with
LOC
mTBI
without
LOC

mTBI with
LOC
mTBI
without
LOC
Controls

mTBI with
LOC
mTBI
without
LOC
Controls

Outcomes

LOC associated with

chronic PTSD profile,

thickness in left and
right rACC

LOC associated with
higher pain self-
reporting and higher
levels of plasma IL-6

Lower internal
capsule FA
associated with
greater PTSD
symptom severity in
LOC group
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