Journal of Athletic Training 2001;36(3):249-252
© by the National Athletic Trainers' Association, Inc
www.journal of athletictraining.org

Loss of Consciousness: Pathophysiology
and Implications in Grading and Safe

Return to Play

James P. Kelly

Chicago Neurological Institute, Chicago, IL

James P. Kelly, MD, provided conception and design, analysis and interpretation of the data; and drafting, critical revision, and

final approval of the article.

Address correspondence to James P. Kelly, MD, Chicago Neurological Institute, 233 East Erie Street, Suite 704, Chicago, IL

60611. Address e-mail to jpkO70@northwestern.edu.

Objective: To provide historical background and current con-
cepts regarding the importance of loss of consciousness (LOC)
in the evaluation of concussion and athletes.

Data Sources: A MEDLINE search identified scientific and
clinical articles on sport concussion management published
from 1966 to present. Discussions were held with authors of
selected reports. Recent research findings reported at national
meetings were reviewed.

Data Synthesis: The relative importance of LOC in the eval-
uation of concussion was reviewed in light of scientific and clin-
ical evidence in the literature. Comments made by authors of
concussion grading scales were considered in the development
of expert consensus statements.

Conclusions/Recommendations: The observation of LOC
at the time of concussion must be viewed as reflecting a po-
tentially worrisome traumatic brain injury. LOC is followed by
more severe acute mental status abnormalities and carries a
greater risk of intracranial pathology than concussion without
LOC. Prolonged LOC represents a neurologic emergency,
which may require neurosurgical intervention. Lingering symp-
toms of concussion, even without LOC, should be monitored
closely and managed according to established guidelines for
safe return to play.
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management of sport-related concussion? Increasing

attention surrounds the issue of concussion in sports
and recreation in the medical literature,! as evidenced by the
devotion of this entire issue of the Journal of Athletic Training
to the topic. | will attempt to address the question, *‘In mild
traumatic brain injury (MTBI), or more specifically, sport-re-
lated cerebral concussion, what is the importance of LOC?”

It is important to correct a common misconception that con-
cussion only occurs if an individual is rendered unconscious.
Health care professionals know that concussions often occur
without LOC—especially in the world of athletics.?2 Tempo-
rary confusion or even a permanent gap in memory (posttrau-
matic amnesia or PTA) can occur without LOC.2 This is true
for concussion that occurs in any setting, not only in sports
and recreation. While the focus of this article is concussion
during athletic activity, any past medical history of concussion
outside the sports arena must be considered when health care
professionals make decisions regarding return to participation
in sports.

When an individual sustains a concussion with amnesia, he
or she often later assumes that there was a LOC; however, it
is important for the health care professional to determine
whether LOC actually occurred. An individual who has am-
nesia associated with the injury cannot observe himself or her-
self and is, by definition, an unreliable historian regarding the
event itself. Anyone rendered unconscious also has an asso-
ciated amnesia, both for the period of time while unconscious

D oes an athlete’s loss of consciousness (LOC) affect the

and also for some span of time thereafter, before an awareness
of the surroundings and events returns (Figure). A brief period
of memory loss or retrograde amnesia is common following
LOC and sometimes occurs even without LOC.4

Concussion is diagnosed by determining what actually hap-
pened to the individua’s brain function at the time of the in-
jury.2 This diagnosis is not made by neuroimaging studies,
such as computed tomography (CT) scanning or magnetic res-
onance imaging (MRI) scanning, nor is it made by neuropsy-
chological testing performed days or weeks later. The exami-
nation of the athlete at the time of the injury or detailed
accounts of the signs and symptoms at the time of the injury
are much more valuable in formulating a diagnosis of con-
cussion. In the sport setting, eyewitness reports or videotape
evidence of the injury are often available and helpful in the
neurologic assessment of the athlete.

Pathophysiology of Loss of Consciousness

It isimportant to distinguish between unconsciousness from
a neurologic cause and other uses of the term *‘ unconscious-
ness’ in psychology or philosophy. Whereas psychological
unconsciousness refers to a state of unawareness or repressed
ideas,®> neurologic unconsciousness is paralytic coma® This
neurologic state represents a form of brain dysfunction in-
volving either the hemispheres or the deep structures of the
brain (including the reticular activating system, which governs
sleep and wake cycles’), or both. In the neurologic uncon-
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scious state, responses to the external world are primitive or
reflexic and may be absent altogether. After severe traumatic
brain injury, emergence from a coma into vegetative state does
not change the fact that the individual is still unconscious,
even though the eyes may be open. Only in the somewhat
higher level of function known as the minimally conscious
state do we see the beginning of neurologic consciousness and
higher-level behaviors indicating an awareness of the external
world.8

The Glasgow Coma Scale (GCS)® was created to assess the
depth of coma from traumatic causes of unconsciousness. Ear-
ly in the establishment of this scale and the associated Glas-
gow Outcome Scale (GOS),10 it became clear that deeper lev-
els of coma as measured by lower scores on the GCS typically
carry a worse prognosis and poorer outcome on the GOS in
adults* and children.12 Lower GCS scores are associated with
longer PTA,13 and several studies have shown PTA to be the
best single predictor of outcome from al severities of trau-
matic brain injury.14.15

From decades of animal experiments and human experience
with traumatic brain injury, we know that concussion com-
monly occurs without LOC.616.17 Periods of brief uncon-
sciousness may be associated with concussion. Unconscious-
ness lasting longer than 30 minutes is thought to indicate a
more serious form of brain injury than concussion.18

Important experimental animal work nearly 30 years ago by
Ommaya and Gennarelli® demonstrated that 3 of 6 grades of
traumatic brain injury severity could be determined with mild-
er forms of brain injury not involving LOC (Table 1). The
mildest form was that of transient confusion without LOC or
amnesia. The second grade included confusion plus PTA with-
out unconsciousness. The third grade included confusion and
PTA plus retrograde amnesia, again without LOC. Grades IV
through V1 involve LOC associated with progressively worse
neurologic outcomes. Within each of these grades, shearing
strains on brain tissue produced lesions that were detected near
the cortical surfacein milder cases, while deeper lesionswithin
the brain were associated with more severe biomechanical
forces.

Neuroimaging studies such as MRI®® and CT20 scans are
known to detect traumatic lesions within the brain, MRI scans
being more sensitive than CT scans.2122 Individuas who are
not rendered unconscious by head trauma are less likely to
have subcortical contusions than those who are rendered un-
conscious.?° The longer the period of unconsciousness, the
deeper the location of the lesions detected by CT23 and MRI
scan.20 In cases of relatively mild traumatic brain injury, focal
lesions on CT or MRI scans predict worse outcome.13.16 Brain
lesions due to trauma have well-described neurobehavioral
manifestations, some of which are seen during acute concus-
sion as a result of diffuse damage primarily affecting frontal
lobe functions, such as organization of thinking, information

Table 1. Scale of Severity of Traumatic Brain Injury Not
Involving Loss of Consciousness

Start Progression To

| Confusion Normal consciousness without amnesia

Il Confusion Normal consciousness with posttraumatic
amnesia

1] Confusion Normal consciousness with posttraumatic

amnesia plus retrograde amnesia

Level Ill: Normal consciousness with post-
traumatic amnesia plus retrograde amne-
sia

Vegetation state or death

IV Coma (paralytic)

\% Coma
VI  Death

Adapted with permission from Ommaya and Gennarelli.®

processing, decision making, planning, and carrying out com-
plex tasks.24

External forces that affect head movement cause mechanical
stress within the brain tissue, producing a sudden electric dis-
charge or depolarization of nerve cells throughout the brain.2
LOC can occur from this effect alone. This electric depolar-
ization leads to an outpouring of neurotransmittersin the brain,
and a cascade of neurochemical changes results in excitatory
and damaging effects on the nerve cells. The subsequent met-
abolic rearrangement can be measured by sophisticated func-
tional neuroimaging techniques such as positron emission to-
mography (PET) scanning.26

High-powered electron microscopes have been used to an-
alyze changes in brain tissue after mild traumatic forces have
been applied.?” If these experimental animals are sacrificed
immediately after the application of the traumatic force, the
nerve cell projections known as axons appear normal; how-
ever, if the animal is allowed to survive the injury for severa
hours, axona swelling and later degeneration occur. Neuro-
chemical?® and structural changes,?23° followed by the de-
layed effects of diffuse axona injury,2” are known to occur
with mild traumatic brain injury. Even so, it is not clear wheth-
er the mildest form of concussion, such as that producing tran-
sient confusion without amnesia, leads to these anatomical
changes.

Studies of cerebral glucose metabolism in human traumatic
brain injury have failed to show a relationship between LOC
and metabolic perturbations that follow the injury. Glucose
metabolism of patients who had sustained concussion but are
fully aert at the time of PET scanning is not significantly
different than those who are comatose at the time of the test-
ing.26 However, we may be underestimating the amount of
time the brain needs to recover from concussion because even
after mild traumatic brain injury, metabolic derangements re-
quire about 10 days to resolve.3!

Neuropsychological testing is our most sensitive measure of
cognitive dysfunction after concussion, and it is the most use-
ful method of determining readiness to return to play. Studies
using neuropsychological tests after concussion have failed to
show any difference between those who lost consciousness
and those who did not.32:33 These tests are typically conducted
days after the concussion and usually not in a sport setting but
rather in a medical office setting as a follow-up evaluation.
The most powerful way of using these instrumentsisto obtain
preinjury testing on each athlete, so that postinjury scores can
be compared against individual baseline performance. Some
amateur sports teams are using this technique, and such tests

250 Volume 36 ® Number 3 e September 2001



Table 2. Changes in Standardized Assessment of Concussion
Scores* After Concussion (n = 91)

Immedi- 15 Min-
ately After utes After
Concus- Concus- 48 Hours After
sion sion Concussion

No loss of consciousness,

no posttraumatic amnesia

(n = 76) -3 -1 Back to baseline
Posttraumatic amnesia

(n=28) —-4.5 -3 Back to baseline
Loss of consciousness

n=7) -14 -13 Back to baseline

Table 4. Time to Return to Play After Removal From Contest*

Grade of Concussion Time to Return to Playt

Grade 1 Within 15 minutes
Multiple grade 1 concussions 1 week
Grade 2 1 week
Multiple grade 2 concussions 2 weeks
Grade 3: brief loss of conscious- 1 week
ness (seconds)
Grade 3: prolonged loss of con- 2 weeks

sciousness (minutes)
Multiple grade 3 concussions 1 month or longer, based on clin-
ical decision of evaluating phy-

sician

* Rounded to nearest 0.5 on 30-point scale.?”

have become standard parts of concussion evaluation protocols
for some college football programs®* and the National Hockey
League.®> The National Football League has put a similar pro-
gram in place. | have been involved in coordinating the neu-
ropsychological testing program for the Chicago Bears for the
last 7 years. However, if cognitive functions are not evaluated
within minutes of the injury, the distinction between grades of
concussion is lost.

Sideline mental status testing can be valid and useful in
documenting the effects of concussion. We recently reported
that neurocognitive deficits can be detected immediately after
even mild concussions in football players with the Standard-
ized Assessment of Concussion (SAC).36 On the 30-point SAC
scale, a drop of 3 points from preinjury baseline was seen in
76 athletes who experienced transient confusion without PTA
or LOC. Eight players who had PTA without LOC dropped
4.5 points, and 7 players who had brief LOC dropped 14
points (Table 2). Only the mildest form of concussion was
associated with rapid recovery of cognitive functions by re-
testing at 15 minutes after the injury. The group with PTA
improved somewhat but did not regain the baseline level of
performance. The LOC group demonstrated virtually no im-
provement in cognitive functions by 15 minutes postinjury.3”
This study is the first to show that disturbancesin mental func-
tion can be measured immediately after concussion in order to
determine the severity of the injury. The findings of this study
are most consistent with the grading scale published by the
Colorado Medical Society.3839

Return to Play after LOC

Concussions with LOC are commonly associated with lon-
ger recovery time than concussions without LOC. That is the
major reason why each of the most widely used sports con-

Table 3. Sports Concussion Grading Scales*

* Reprinted with permission from the Quality Standards Subcommittee
of the American Academy of Neurology.**

T Only if asymptomatic with normal neurologic assessment at rest and
with exercise.*

cussion guidelines (Table 3) indicate that the appearance and
length of LOC are associated with a more worrisome concus-
Sion_38—41

The consensus regarding return to play developed by the
American Academy of Neurology*! is presented in Table 4.
Any athlete rendered unconscious (grade 3) for even a few
seconds must not be allowed to return to that practice or game
and must undergo neurologic examination by a physician. In
fact, only those without amnesia whose symptoms clear within
15 minutes are allowed to return to play that day.

LOC lasting several minutes should be viewed as a potential
neurosurgical emergency requiring urgent medical evaluation.
A brief LOC is followed by 1 week off. Longer periods of
LOC extend the time of recovery by an additional week or
more. Two grade 3 concussions in the same season result in
1 month off. Other contributory factors, such as persistent
headache, head pain from associated soft tissue injury, neck
pain, and sleep disturbance adversely affect mental functions
and can prolong recovery time. The athlete’'s physician may
determine that a longer recovery time is required.

More than one member of a panel of sports medicine spe-
cialists®® reported routinely returning players to the same prac-
tice or game in which they had been rendered unconscious.
Such a practice is unsupported by neuroscience or expert con-
sensus and puts the athlete in danger of permanent and pos-
sibly catastrophic neurologic harm.

Summary

It is rewarding to have the opportunity to present this in-
formation to the readership of the Journal of Athletic Training
because the athletic trainer is the health care professional most

Grade 1

Grade 2 Grade 3

Cantu (1986)* No loss of consciousness, post-
traumatic amnesia <30 min-
utes

Confusion without amnesia, no
loss of consciousness

Transient confusion, no loss of
consciousness, concussion

symptoms <15 minutes

Colorado (1991)38:3°

American Academy of Neurology
(1997)2

Loss of consciousness >5 min-
utes or posttraumatic amnesia
>24 hours

Loss of consciousness

Loss of consciousness <5 min-
utes or posttraumatic amnesia
of 30 minutes to 24 hours

Confusion with amnesia, no loss
of consciousness

Transient confusion, no loss of
consciousness, concussion
symptoms >15 minutes

Any loss of consciousness (brief
or prolonged)

*Reprinted with permission.
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likely to witness a concussion during a sport event and is most
often in a position to initiate the evaluation and management
of the injured player. A growing body of scientific knowledge
supports the notion that concussion should be considered a
serious medical condition that can have a long-lasting and
even catastrophic outcome if misunderstood and mismanaged.
| have reviewed the evidence regarding the role of LOC in the
diagnosis and management of sport concussion. The evidence
generaly supports the contention that concussion with LOC
represents a worse form of brain injury than concussion with-
out LOC but that rates of recovery vary from individual to
individual. Detailed neurologic evaluation, neuroimaging, neu-
ropsychological assessment, and honest reporting of symptoms
by the athlete each have very important roles in the safe man-
agement of concussion.

All return-to-play guidelines published in recent times em-
phasize the need for monitoring an athlete with mental status
testing of some kind and insisting that he or she be symptom
free for some prescribed period of time before returning to
activity. Neuropsychological evaluation of the athlete who had
been rendered unconscious should be done whenever possible
before clearance to return to play. Again, these guidelines are
based on the consensus of specialists selected for their exper-
tise in the diagnosis and management of sport concussion. Re-
cent evidence in medical science seems to support the obser-
vation that we have been underestimating the amount of time
it takes to recover from concussion. The careful clinician errs
on the side of caution in making return-to-play decisions after
concussion in sports.
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