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Abstract

Traumatic brain injury (TBI) is a major cause of acquired disability globally, and effective 

treatment methods are scarce. Lately, there has been increasing recognition of the devastating 

impact of TBI resulting from sports and other recreational activities, ranging from primarily sport-

related concussions (SRC) but also more severe brain injuries requiring hospitalization. There are 

currently no established treatments for the underlying pathophysiology in TBI and while neuro-

rehabilitation efforts are promising, there are currently is a lack of consensus regarding 

rehabilitation following TBI of any severity. In this narrative review, we highlight short- and long-

term consequences of SRCs, and how the sideline management of these patients should be 

performed. We also cover the basic concepts of neuro-critical care management for more severely 
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brain-injured patients with a focus on brain edema and the necessity of improving intracranial 

conditions in terms of substrate delivery in order to facilitate recovery and improve outcome. 

Further, following the acute phase, promising new approaches to rehabilitation are covered for 

both patients with severe TBI and athletes suffering from SRC. These highlight the need for co-

ordinated interdisciplinary rehabilitation, with a special focus on cognition, in order to promote 

recovery after TBI.
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Clinical management in the acute stage of sports-related concussions

The awareness of the potential short- and long-term consequences of sports-related 

concussions (SRC) has increased markedly during the last decades. Conversely, the rules and 

regulations on the management of SRCs have evolved based on clinical management 

paradigms supported by experimental evidence of brain vulnerability post-injury and the 

possible lasting effects of repeated SRCs. At the sideline, acute management of an athlete 

who may have sustained an SRC should focus on a) concussion diagnosis and detection, 

including the recognition of warning signs and symptoms that indicate a more severe brain 

or spinal cord injury and b) adopting a strict removal from play protocol after an athlete has 

sustained an SRC. The broad scope of the literature has been recently reviewed at an 

international consensus meeting [1].

Risk factors for Sports Related Concussions

It is well established that concussions can have considerable adverse effects on cognitive 

functioning and balance in the first 24–72 hours following a SRC [2]. For most injured adult 

athletes, cognitive deficits, balance and symptoms improve rapidly during the first two 

weeks following injury [3, 4]. Some authors have suggested that the longer recovery times 

reported in more recent studies in part are due to changes in the medical management of 

concussion, with adoption of the gradual return to play recommendations from the 

Concussion in Sport Group statements [1, 5]. This topic was the subject of a recent detailed 

systematic review [3].

Having a past concussion is a risk factor for having a future concussion [6], and having 

multiple past concussions is associated with having more physical, cognitive, and emotional 

symptoms prior to participation in a sporting season [3].

The strongest and most consistent predictor of slower recovery from concussion is the 

severity of a person’s acute and subacute symptoms following injury [7].

There are clear sex differences, which relate to differences in neck strength, injury 

mechanisms, and injury rates; however; although the literature is not conclusive, it supports 

that females, on average, take longer to recover—and they are more likely to have symptoms 

that persist for more than a month.
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Injury severity characteristics (e.g. loss of consciousness, post-traumatic amnesia), pre-

injury mental health problems, substance abuse, pre-injury headache/migraine history and 

prior concussions are not consistent predictors of recovery time in many studies; however 

methodological issues limit the interpretation of these studies.

Adolescents, and young adults with a pre-injury history of mental health problems or 

migraine headaches appear to be at somewhat greater risk for having symptoms for longer 

than one month. Those with ADHD or learning disabilities might require more careful 

planning and intervention regarding return to school, but they do not appear to be at 

substantially greater risk for persistent symptoms beyond a month.

Concussion detection and diagnosis

The definition of an SRC includes a transient functional impairment of brain function which 

could include a number of signs and symptoms, cognitive impairment, and neurobehavioral 

features [1]. Loss of consciousness, occurring in only 8–19% of SRCs, is not required for 

the diagnosis [8].

The sideline evaluation, aimed at recognition of the injury, provides the best opportunity for 

SRC diagnosis and for subsequent management. To recognize an SRC it is necessary to 

watch the sports event and the behavior of the player immediately after the time of impact. 

Due to the rapid and complex events occurring in modern sports, this may be a difficult task. 

Increasingly, video-assisted analysis of an event may be used where common factors 

associated with an SRC are easily observed including no attempt to resist the fall, seizures 

and/or a blank stare/vacant expression [9, 10].

After an SRC, a number of signs are common (Table 1). An important fact to remember is 

that the athlete may be almost symptom-free immediately after the time of impact, and 

experience evolving symptoms during the first post-injury minutes- hours. The most 

common short-lived symptoms experienced by the athlete include headache, confusion, 

dizziness, memory impairment and/or amnesia [1, 8, 11]. It must be emphasized that there is 

no simple “diagnosis” of SRC- instead it is a summary of a plethora of information that must 

be gathered by the individual who is medically responsible. These include knowledge of pre-

injury status, injury mechanisms, presence of visual disturbance, and a combination of 

cognitive-, vestibulomotor-, ocular-, neurological-, cervical- and behavioral signs and 

symptoms [12]. A high degree of suspicion of SRC is warranted. The simple question “how 

do you feel on a scale 0–100?” may be informative and useful in the acute setting. The 

medical staff should also be aware that an athlete may disregard or underestimate or even 

refrain from reporting their symptoms, since they may have a strong motivation to continue 

with the sports activity.

There are different SRC recognition and management tools available, where the “Sport 

Concussion Assessment Tool” (SCAT) is plausibly the most validated and used, to date. The 

most recent version, the SCAT-5, was adopted by the Concussion in Sport group consensus 

meeting in Berlin, October 2016. It comprises different assessment stages allowing for the 

evaluation of e.g. symptoms, level of consciousness, cognitive and cranial nerve function, 

and balance as well as detecting potential warning signs indicating a severe brain injury [1, 
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13]. If the medical staff member knows the athlete well, and is familiar with his/her normal 

behavior, it may be easy to identify an aberrant level of functioning. The Concussion 

Recognition Tool 5 (CRT5) is the most recent revision of the Pocket Sport Concussion 

Assessment Tool introduced by the Concussion in Sport Group in 2005 that also may be 

used by the non-medical “laymen” person [14].

According to the SCAT-5, the sideline assessment may preferably be divided into two 

phases- first, a rapid sideline screening assessment. Then, if there is a suspicion of an SRC a 

more thorough “off-the-pitch” or “locker room” assessment is performed. Evaluation of the 

“Red Flags”, signs indicating a more severe brain or cervical injury (Table 2) that signals 

that the athlete should immediately be taken for medical evaluation, must be an integral part 

of the sideline assessment.

The acute, initial sideline screening should also include assessment of the observable signs 

(Table 1); most important being lying motionless on the ground, motor incoordination/

balance problems, disorientation or confusion, blank or vacant stare and the presence of 

significant facial injury, the level of consciousness according to the Glasgow Coma Scale 

(GCS) Score and the cervical spine evaluation including presence of pain and range of 

motion. Cognitive abilities, including memory function, can be screened using simple 

questions, which include requests for information that the players should be aware of, such 

as what venue the player is in, name of the opposing team, the current score in the game and 

so forth. In the SCAT-5 these tools are named the Maddox questions. In general, cognitive 

tests describe lower sensitivity, but good specificity when used in SRC management [9].

If there is suspicion that an SRC has occurred after the initial sideline screening, a more 

thorough evaluation is warranted using the SCAT-5. It should be remembered that it takes ca 

10–15 minutes to perform the entire SCAT-5 evaluation and that its interpretation is made 

easier if a pre-season, baseline assessment has been performed. The more detailed 

evaluation, the “off-the-pitch” or “locker-room” evaluation, includes evaluation of 22 

symptom scored from 0–6 regarding the severity of the symptoms, which is filled out by the 

athlete. In addition, a more detailed cognitive testing is performed and balance test using the 

modified Balance Error Scoring System (mBESS) is performed which includes testing of 

Single-, Double- and Tandem leg stance. Due to the high frequency of visual disturbance 

following an SRC, tests of oculomotor function are gaining ground [9, 15]. The King-

Dewick Test evaluates saccadic eye movement and may prove to be a useful test in the 

assessment of an athlete sustaining an SRC [16].

Early management and Remove-from-play protocol

If the Red Flag assessment raises the suspicion of a more severe brain or cervical injury, 

emergent measures according to the ABC concept apply including securing the airway and 

immobilisation of the cervical spine. The athlete needs to be carried from the field on a 

stretcher and emergently brought to nearest hospital for medical evaluation. In milder forms 

of injuries, by far the most common presentation of an SRC, the athlete must discontinue the 

sport session immediately and refrain from the sports activity on the same day after an SRC 

according to the concept of brain vulnerability (vide infra) [1]. A suspicion, based on the 

SCAT5, is enough to remove the athlete from play. The simple adage “If in doubt, sit them 
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out” was first suggested by the CISG in 2002 [17]. It is recommended that athletes with 

suspected/diagnosed SRC should not be left alone during the first 1–2 hours, not use 

alcohol/recreational drugs, not be sent home alone and not drive in the acute post-injury 

period [14]. After this initial, acute phase, the graded-return-to play should then ensue. In 

brief, this protocol suggests a brief 24–48h period of cognitive and physical rest followed by 

a gradual increase in activity [18]. It should be emphasized that the exact degree and 

duration of rest have not been clearly established.

Why is then a removal-from-play protocol necessary and why cannot an asymptomatic 

player continue playing early after an SRC? These strict protocols have evolved from a 

clinical paradigm where slowed reaction times and impaired decision-making following a 

concussive injury place the athlete at increased injury risk by ongoing participation [19, 20]. 

There is also a theoretical risk based on physiological animal data whereby after an SRC, the 

brain is vulnerable for a second concussion for some time due to a persisting metabolic, 

vascular, and/or neurophysiological disturbance. An additional injury during the vulnerable 

phase may thus exacerbate the injury development [21–23]. In the experimental, animal 

setting this window of vulnerability has been clearly demonstrated [24, 25]. In humans, the 

duration and severity of the vulnerable period has not been established.

In imaging studies, prolonged post injury alteration of the brain functional connectivity 

network has been demonstrated, even even if the athlete was symptom free and had returned 

to his/her regular sports activity [26, 27].The significance of this is as yet unknown.

A rare but potentially devastating consequence of an additional mild traumatic brain injury 

seen in children and adolescents during the period following an SRC is the ‘second impact 

syndrome’ (SIS). The typical presentation of SIS is sudden death or rapid and catastrophic 

neurological deterioration following minor head trauma occuring after the athlete had 

sustained a previous mild head trauma minutes to days earlier. The proposed mechanism is 

that the second head injury occurs before symptoms from a first head injury have resolved. 

Although this entity was suggested in the 1970’s [28], the term second impact syndrome was 

coined in 1984 [29]. The second impact syndrome carries an exceedingly high mortality, 

ranging from 50–100%, believed to be caused by a distubed vasoreactivity that results in 

rapid and profound brain swelling without extra- or intracranial space-occupying 

hematomas. This condition is exceedingly rare, suggested to occur once in «a team of 50 
players every 4100 seasons” [30, 31]. The existence of sudden impact syndrome as a disease 

entity has been questioned [31]. The controversy relates to the rarity of the disorder and the 

fact that most cases occur after a single impact to the head. A far more common clinical 

scenario than SIS is where an acute hemispheric brain swelling occurs in conjunction with a 

thin subdural hematoma [32].

Recovery and return to normal life after SRC

Establishing time course of recovery for SRC—Due to the heterogeneity of SRC 

severity, it is difficult to accurately assess how long recovery is necessary for the individual 

patient. Currently, there does not exist any ideal assessment tools for neither symptoms nor 

clinical/neuropsychological outcomes. Further, health-care providers often end up in difficult 

positions due to the complexity of symptoms that may or may not be related to the SRC (e.g. 
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post-traumatic stress disorder (PTSD), sleep disorders, anxiety, migraines, attention deficits) 

as a too early return-to-play may lead to additional injuries and exacerbation of symptoms. 

One of the reasons for the difficulty to estimate when an athlete is ready to return is that 

clinical recovery precedes the crucial, but more complex, physiological recovery. Because of 

this, it is now becoming practice to carefully escalate intensity in training in order to 

gradually re-introduce the participant before full activity can be recommended in any contact 

sport. Future research into how (and which) outcome assessments tools should be used, and 

in which populations, are warranted in multicenter, prospective studies, as of today no ideal 

objective scoring systems for return-to-play is ready for clinical practice.

Return to sport

Graduated Return to Sport—Return to sports (RTS) following an SRC should follow 

the previously mentioned graded recovery and rehabilitation strategy, as exemplified in 

Table 3. After 1–2 days of rest, careful activity, which should be modified depending on 

symptoms, may be attempted but should have a low bar concerning mental and physical 

activity (stage 1). Following this period, a majority of the SRC related symptoms while have 

subsided, and the athlete may gradually increase intensity if he/she remains asymptomatic 

and meets predefined criteria (e.g. intensity of activity, duration of activity and physiological 

metrics including pulse etc.). Ideally, these gradual increases should take a week (at 

minimum) in order to complete the protocol. As they start from when they don’t have any 

symptoms at rest, each step is approximately 24 hours in the patient continues to improve. 

However, as both SRC symptoms and individuals are extremely heterogenous, personalized 

targets and time-frames for RTS are recommended. If an athlete suffers from long-lasting 

symptoms related to the SRC despite days of inactivity, the different steps should be 

adjusted. This form of careful exercise-prescription to limit symptoms have been recently 

reviewed [33] suggesting that if the athlete start experiencing symptoms following 

escalation, a gradual decrease in intensity should be performed down to asymptomatic 

levels. Here, the athlete should remain for at least 24 hours, without SRC symptoms, before 

attempting progression to higher levels.

The child and adolescent athlete—Many of the SRCs seen today occur in children and 

adolescents. For these patients, specific measures in management need to be taken into 

consideration due to the developing brain [34]. The lack of studies in this area (especially 

among the youngest) warrants further research in order to make more high-quality consensus 

statements for this particular group.

Current guidelines for these groups refer to athletes <19 years, but these presumably need a 

higher level of granularity with SRC paradigms for children (5–12 years) and adolescents 

(13–18 years). However, there are inadequate recommendations for these groups and adult 

guidelines often apply, which is due to a lack of pediatric SRC research. What has been seen 

is that the duration of SRC related symptoms exists longer and that a period four weeks of 

recovery is recommended, though more accurate markers of RTS is warranted. While 

symptom scores exist, more objective computerized neurophysiological assessment is highly 

sought after in this age group, in order to study symptoms more relevant to younger athletes. 
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In aggregate, current guidelines are, just like for adult athletes, a period of rest before slowly 

escalating activity which tries to limit symptoms related to the SRC.

SRC policies should be enforced by schools and teams, including mandatory education on 

SRC and injury prevention which should be taken by all personnel involved (including 

teachers, parents, staff and students). Further, following an SRC, personalized teaching 

(including time away from school if necessary) should be possible for the affected athlete 

and the follow-up recovery should be monitored by qualified medical professionals. Table 4 

exemplifies a gradual return to school for a young athlete.

As a rule, if a young athlete has not returned to school, he or she should not return to sports. 

And even when this occurs, a gradual escalation in order to prevent symptoms should be 

applied.

Treatment of cerebral edema in the neuro-critical care unit in severe TBI

Cerebral edema is one of several devastating pathological entities following TBI. It implies 

an abnormal accumulation of fluid within the brain parenchyma and is mainly subdivided 

into vasogenic and cytotoxic [35]. The brain is enclosed within a rigid skull and increased 

intracranial volume, e.g. growing edema, hemorrhage, brain tumors etc. must be 

compensated for. The Monro-Kellie doctrine [36] implies that the intracranial volume must 

stay intact to preserve intracranial pressure (ICP) as an increased volume will lead to 

insufficient cerebral blood flow (CBF), herniation of brain tissue and a subsequent brain 

death. There are compensatory mechanisms initiated to maintain adequate intracranial 

pressure, including decreased production of cerebrospinal fluid (CSF) and displacement of 

CSF and especially venous blood from the intracranial cavity. If these mechanisms are 

sufficient the intracranial pressure (ICP) and the CBF will remain intact, but when the 

pathological intracranial volume is exceeding these compensatory mechanisms, ICP will 

increase and CBF will be reduced. In the neuro-critical care unit (NCCU) the aim is to keep 

the ICP below 20 mmHg which is regarded sufficient as long as mean arterial blood pressure 

is sufficient to keep an adequate perfusion of the brain. The cerebral perfusion pressure 

(CPP) is calculated by subtracting ICP from mean arterial pressure (MAP), and reflects the 

pressure of the blood reaching the brain. Depending on the location of the zero-points of ICP 

and MAP and the patient’s position in the bed, flat down or head elevated, the CPP should 

typically exceed 50–60 mmHg to maintain sufficient CBF. The normal global CBF is about 

50 ml/100g/min [37] and if CBF decreases the brain can partly compensate by increasing its 

extraction of oxygen from the blood. However, when the global CBF reaches approximately 

30 ml/100mg/min, symptoms (e.g. drowsiness) will occur. If CBF is further declined down 

to around 20 ml/100g/min, the brain starts to prioritize its basal functions and neuronal 

communication is dampened to prioritize membrane pump functions and the patient 

becomes unconscious. When the CBF has decreased to 8–12 ml/100g/min the cells suffer 

from substantial energy crisis and starts to succumb. The aim for neuro-critical care 

treatment is to maintain a balance between the metabolic demands of the brain and 

availability of oxygen and metabolites, predominantly glucose.
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To maintain this delicate balance, brain edema must be treated. The intracerebral arteries are 

different from those in other locations in the body. Between the endothelial cells there are 

tight junction proteins that welds the cells together to control transportation of substances 

from the blood to the brain parenchyma. Further, above the endothelial cells there is a 

basement membrane over which there are smooth muscle cells and pericytes surrounded by 

the astrocytic foot processes. Collectively, this is referred to as the neurovascular unit and 

constitutes the anatomical blood-brain barrier (BBB). In these astrocytic foot processes, 

water passes through specific protein “gates”. These gates, called aquaporin 4, are involved 

in the pathophysiology of brain edema [38]. Following TBI, there is an immediate 

disintegration of the BBB due to the mechanical forces implied on the brain tissue. This is 

followed by biochemical disturbances of the BBB by the inflammatory response to trauma, 

including complement activation. Here, the membrane attack complex (MAC, C5b-9) is 

assembled and has a role in disintegrating the BBB by attacking endothelial cells in the 

intracerebral vasculature [39]. Immunoreactivity for tight junction proteins will be reduced 

in the border zone of cerebral contusions [40] and in humans the CSF/blood quota of 

albumin (Qalb) will be increased up to a week after TBI [41], indicating vasogenic edema 

formation. A concomitant energy failure in brain tissue, due to insufficient cerebral 

circulation, will lead to an inability for the cells to maintain their electrochemical gradients 

because of insufficient ion pump function. This will lead to an ionic intracellular influx with 

a subsequent increase in cell osmolality with an intracellular influx of water from the 

intracerebral extracellular space leading to an osmotic gradient between the extracellular 

space and the vessels. As this process leads to a disintegration of the BBB, molecules and 

water will be able to enter the extracellular space [42]. Thus, following TBI, both vasogenic 

extracellular edema and cytotoxic intracellular edema may co-exist [43].

In animal models, there are many suggested treatments directed at both types of brain edema 

[42], but in clinical reality, the number of different treatment options are considerably fewer. 

Primarily, the pathological cause of energy failure such as ischemia must be treated and 

expansive intracranial hematomas be removed in order to optimize CBF and restore the 

imbalance between CBF and cerebral metabolism. Targeted edema treatment includes 

osmotherapy, and if ICP is refractory to maximal therapy, decompressive craniectomy (a 

surgical procedure where parts of the cranial vault are removed to allow for brain swelling), 

might be performed. Corticosteroids, with a documented effect on systemic swelling due to 

vasogenic edema, are regarded non-beneficial, or even harmful, following TBI [44].

The CBF is regulated 1. by the cerebral metabolic rate, 2. chemically by pCO2 and 3. via 

cerebral autoregulation. Increased metabolic rate increases CBF linearly where body 

temperature and epileptic seizures are the most common factors contributing to the increased 

metabolic rate. Hyperventilation in a stressed, non-intubated patient or accidentally in a 

patient during mechanical ventilation, lead to a vasoconstriction with potential development 

of cerebral ischemia and a subsequent cytotoxic edema formation. Hypoventilation in an 

unconscious patient with impaired ventilation leads to a vascular engorgement with a 

subsequent cerebral hyperemic state, with a potential risk to develop increased vasogenic 

brain edema. The cerebral autoregulation aims at keeping the global CBF at approximately 

50 ml/100g/min irrespective of the blood pressure. An intracerebral vasoconstrictive 

response is followed increased MAP, and vasodilation will compensate for lower pressures. 
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These three regulatory mechanisms are often disturbed following TBI [45] and it is 

mandatory to monitor the patients thoroughly to identify the metabolic and cerebrovascular 

status of each TBI patient.

In the NCCU, three different intracranial monitors are commonly employed, 1. An ICP 

device aiding treatments aimed to optimize the ICP and enable the brain to maintain 

adequate cerebral blood flow, 2. Brain tissue oximetry (PBTO2) to monitor oxygen transport 

to the brain, and 3. intracerebral microdialysis for neurochemical monitoring to enable the 

assessment of the metabolic state. These monitors are used in conjunction with others 

evaluating more global measures, such as iterative measurements of oxygen and 

arteriovenous lactate difference between the jugular bulb and the systemic circulation, 

continuous EEG monitoring to detect seizures, and protein biomarkers in serum (e.g. S100B 

[46]) as markers of treatment efficacy.

When an impaired BBB leads to vasogenic edema, excessively high blood pressure must be 

avoided, but with a subsequent risk for ischemia if the blood pressure is too low. Brain tissue 

oximetry and microdialysis can guide this treatment by assessing PBTO2 and the lactate/

pyruvate ratio (LPR), respectively. A declining PBTO2 and increasing LPR indicates a 

metabolic crisis that should be treated immediately. By decreasing the cerebral metabolic 

rate, the need for excessive cerebral blood flow can be reduced, and restore the balance 

between metabolism and CBF.

Osmotherapy is a treatment directly targeting the brain edema, but there are well-known 

considerable risks for rebound effects (ICP increases following treatment) [47]. 

Osmotherapy is mainly instituted in the acute situation to gain time prior to surgery, but may 

also be used in the NCCU. While previously mannitol was preferably used, hypertonic 

saline may be associated with less adverse events and a slightly improved ability to decrease 

ICP [48].

In summary, following severe TBI, both cytotoxic and vasogenic edema caused by BBB 

damage and metabolic dysfunction, are present causing potentially life-threatening 

intracranial swelling. There are currently no pharmacological treatment options for brain 

edema, instead clinical conditions should be optimized by other means, including alleviation 

of the pathological causes of energy failure such as ischemia or expansive mass lesions, 

optimizing the CBF and cerebral metabolism as well as administering osmotherapy and (if 

all other medical interventions fail), decompressive craniectomy. A schematic visualization 
depicting the progress from injury to potential symptoms is available in Fig 1.

Interdisciplinary rehabilitation for complex needs after severe traumatic 

brain injury in adults

Clinical management and rehabilitation of patients with persisting symptoms after mild TBI 

are addressed earlier in this article. Increasing severity of TBI is usually accompanied by 

greater severity and complexity of impairments of body structure and function, which 

contribute to activity limitations and participation restrictions [49]. Some or all of motor, 

behavioural, emotional, cognitive, language, and primary sensory function (vision, hearing, 
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sensation, smell, taste) may be affected and pain is common. Some patients have co-existing 

rehabilitation needs and/or rehabilitation restrictions due to considerable extra-cranial 

injuries after multi-trauma.

The extended time frames for the recovery process, which for patients with the most severe 

TBI may continue over months or even years [50], and the interaction of subacute medical 

complications (very common after severe TBI [51, 52]) with rehabilitation possibilities, add 

further complexity to rehabilitation planning. Doctors and their teams working within the 

medical speciality of rehabilitation medicine (physiatry in the US, equivalent neurological 

sub-specialties in some countries) offer specific brain injury knowledge and integration with 

a wider bio-psycho-social context to promote recovery for patients with complex needs after 

TBI [53].

Components of brain injury rehabilitation

Rehabilitation is traditionally envisaged by both health care professionals and lay people as 

involving a therapist working with a patient with the aim of regaining the ability to perform 

a particular activity; for example, a physiotherapist training walking ability or an 

occupational therapist providing aids and training to regain the ability to dress. Whilst such 

therapy is indeed a key component of rehabilitation, The World Health Organisation (WHO) 

definition of rehabilitation [54] is broader: “Rehabilitation is a set of interventions designed 
to optimize functioning and reduce disability in individuals with health conditions in 
interaction with their environment”.

Brain injury rehabilitation promotes recovery through three main approaches:

• Complications in the days to months after brain injury are prevented, detected 

and managed through frequent, specialised medical follow-up. Spontaneous 

improvement is thus maximised with normalisation of network processes as 

neuroinflammatory and other acute processes resolve.

• Neuroplasticity is promoted by rehabilitation interventions, traditionally 

therapies such as physiotherapy, speech and language therapy, neuropsychology, 

and others, leading to restitution of body function.

• Compensatory rehabilitation interventions maximise independence and quality of 

life: for example, a wheelchair may enable independent mobility, aids such as 

kitchen timers may enable safe home living. Compensatory interventions are 

particularly relevant for more severe TBI where it may not be medically realistic 

for function to be completely restored. There is however some theoretical risk 

that early focus on compensatory interventions may counteract restitution of 

function.

The evidence base for rehabilitation after TBI is growing [55], and evidence-based 

guidelines have begun to emerge [56]. There remain however many aspects where evidence 

is insufficient for detailed rehabilitation planning for the individual patient. A minority of 

guidelines are specific to TBI [57]; more commonly TBI is included under the umbrella term 

“acquired brain injury”.

Marklund et al. Page 10

J Intern Med. Author manuscript; available in PMC 2020 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Newer rehabilitation approaches

Recent research has begun to expand the range of interventions promoting neuroplasticity 

beyond traditional rehabilitation with a therapist. Neuromodulation, pharmacotherapy and 

new technologies are attractive techniques where current evidence regarding efficacy is as 

yet largely insufficient to support incorporation into routine clinical practice.

The rehabilitation evidence base is somewhat more advanced for stroke rehabilitation than 

for rehabilitation after severe TBI. Despite important pathophysiological differences there 

are some similarities between severe impairments after stroke and after TBI; stroke patients 

have also suffered sudden onset brain injury to a previously normally developed brain and 

may have similar activity and participation restrictions. Findings from the stroke literature 

may at least suggest interesting hypotheses and treatment strategies for further evaluation in 

patients with TBI. Clinical rehabilitation services for more complex needs are often 

organised for acquired brain injury rather than specifically for TBI, an organisational factor 

likely to contribute to difficulties in developing TBI-specific rehabilitation.

Studies of neuromodulation with transcranial magnetic stimulation or direct current 

stimulation are promising but are still at a relatively early stage [58], lagging behind the 

stroke literature [59]. It is likely to be some years before sufficiently robust studies are 

available for TBI-specific evidence-based clinical recommendations.

Pharmacological interventions promoting neuroplasticity are of intense current interest for 

stroke patients. The exploitation of previously underrecognized effects of drugs developed 

for other purposes (as such having well defined safety profiles and many years of experience 

of clinical usage) is attractive. One example is identification of positive effects of Fluoxetine 

on motor recovery in non-depressed patients after ischaemic stroke [60], with current studies 

extending recruitment to also include haemorrhagic stroke [61]. It is unclear whether similar 

clinical benefits occur after TBI; several of the putative mechanisms are certainly relevant 

after TBI and the simplicity of such an intervention is attractive [61].

An equally important but understudied element regarding pharmacological influences on 

neuroplasticity, is the potential negative effects of medications commonly used to manage 

symptoms during sub-acute recovery after moderate to severe TBI. One example is the use 

of typical neuroleptics such as Haloperidol using post-traumatic agitation, despite animal 

studies suggesting negative effects on neuroplasticity [62]. Actual clinical impact in the 

short and long term is largely unknown. Organisational aspects contribute to perpetuating an 

inadequate research base; during the important sub-acute period many patients have left the 

neurosurgical unit but often do not have immediate access to inpatient rehabilitation due to 

waiting times, stringent rehabilitation admission criteria requiring medical stability, or 

insurance issues. As such it is often clinicians who are not specialists in brain injury 

rehabilitation who must manage sub-acute symptoms and complications on busy general 

medical or surgical wards. Recent studies show a negative association between increasing 

time between discharge from intensive care and admission to rehabilitation with outcome 

not explained by initial injury severity [63], and better outcomes for patients receiving 

rehabilitation in a continuous chain initiated in the intensive care unit [64].
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There is growing interest in technology in rehabilitation, either as an aid to more traditional 

rehabilitation promoting gain in function, particularly exoskeletons for motor function [65], 

or as a potentially powerful form of compensatory aid. The research base is however still in 

its infancy: whilst motor deficits can have a major impact on function for some individuals 

surviving severe TBI, these patients are relatively few in number. National and international 

collaborations will be needed to improve the evidence base.

Assessing rehabilitation needs

A prerequisite for adequate rehabilitation is adequate assessment. Neuroimaging findings 

and rehabilitation needs are only loosely correlated. Standard neurological examination is 

not primarily focused on describing rehabilitation needs, rather on contributing to the 

process of differential diagnosis according to a framework such as ICD-10. However, 

patients with the same ICD-10 diagnosis often have very different rehabilitation needs, and 

an assessment based on the International Classification of Functioning, Disability and Health 

(ICF) is instead recommended [49]. A complicating factor after severe TBI is that the 

patient’s insight into his/her deficits is often affected, such that overreliance on patients’ 

reported symptoms risks missing important aspects that may be amenable to rehabilitation. 

With more severe injuries, the very complexity of deficits may make isolated assessment by 

any one profession (e.g. neuropsychologist, physiotherapist, speech and language therapist) 

potentially inaccurate – see case example

A system also needs to be in place to allow for repeated qualified assessment reflecting the 

dynamic process of recovery and changes in rehabilitation needs over time: for example, a 

patient who several weeks after TBI cannot participate actively in rehabilitation may risk 

being discharged to community services without specialist rehabilitation follow up and thus 

without access to interdisciplinary rehabilitation a few weeks later when s/he may have 

regained to ability to participate actively.

Whilst the ICF research section Core Sets have gone some way to highlighting common 

difficulties after TBI [66], there lacks international consensus on how to triage patients to 

different levels of rehabilitation assessment to allow identification of an appropriate 

rehabilitation service for the individual.

In conclusion, co-ordinated interdisciplinary rehabilitation promotes recovery after severe 

TBI [55]. The challenge in the coming years is to create health care systems promoting 

timely access to appropriate rehabilitation for those patients who need it. Exciting new 

rehabilitation methods are emerging including non-invasive neurostimulation, new 

technologies and new uses of existing drugs; the next challenge is to perform sufficiently 

large and methodologically robust trials to provide the evidence that is needed to launch 

these into routine clinical practice. A summary of rehabilitation aspects in moderate and 

severe TBI is available in Table 5.

Cognitive Rehabilitation

Cognitive rehabilitation (CR) refers to interventions used to compensate for or resolve 

cognitive impairments and reduce disability [67]. This generic therapy is a heterogeneous 
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array of treatments without a unified theoretical framework which are performed in various 

settings, including more recently web-based interventions. The goals of CR also include 

improving quality of life [68]. It is important to distinguish CR from cognitive behavioral 

therapy (CBT) which is designed to challenge and mitigate maladaptive thoughts and beliefs 

of an individual to effect behavioral change [67]. CBT is used to treat depression and other 

emotional conditions following concussion; CR and CBT can be employed concurrently or 

sequentially by different therapists or in some cases by the same therapist.

CR is more commonly indicated to treat the sequelae of moderate to severe traumatic brain 

injury, but repetitive concussion or mild TBI (mTBI) may result in persistent cognitive 

problems in a subgroup of patients. Although transient cognitive dysfunction (e.g., poor 

concentration, memory problem) during the first 2 to 4 weeks after a sports related 

concussion is common and can persist for 3 months after non-sports mTBI, these effects 

resolve in most athletes (and non-athletes) without CR. However, the clinical management 

of concussion includes evaluation of cognition and monitoring the clinical course over the 

first 2 to 4 weeks in sports concussion and by a follow-up visit in non-sports mTBI. 

Prescribing gradual return to studies and occupational duties that involve intensive 

concentration and time pressure is often recommended by clinicians to mitigate development 

of secondary anxiety, depression, and even aggravation of post-concussion symptoms.

CR is recommended in patients with persistent cognitive impairment; this may be restorative 

as in learning strategies to enhance goal management and cognitive efficiency in everyday 

activities [69]. Goal management training (GMT) involves strategies in problem solving, 

prioritizing goals, and inhibiting attention to less relevant, distracting information [69]. A 

recent review of clinical trials of GMT concluded that there is support for the effectiveness 

of this intervention with small to moderate effect sizes and some evidence for maintenance 

of gains at follow-up [69]. Limitations in the existing clinical trials for CR interventions 

include small sample size, lack of evidence in some studies for generalization of positive 

effects across situations, and some of the CR interventions also lack support for maintenance 

of the gains over time.

Compensatory cognitive interventions include learning to use a smart phone for reminders of 

appointments and to maintain lists of contacts and other information that is important in 

everyday activities. Telephone apps could also be used to enhance generalization of 

therapies such as GMT. Many patients may benefit from a combination of restorative and 

compensatory interventions; some interventions incorporate elements of both of these 

categories of treatment.

Emerging approaches to CR include the addition of neuromodulation by transient direct 

cortical stimulation (tDCS) or transient magnetic stimulation (TMS). The latter is used to 

treat depression as well, but entails a risk of seizures which is a concern especially after 

moderate to severe TBI [70]. Neuromodulation is thought to enhance neuroplasticity and 

purportedly facilitate training-related reorganization of brain networks. Pharmacologic 

treatment in combination with CR is infrequently used to treat sports related concussion or 

non-sports mTBI. However, medications such as methylphenidate have received support in 

clinical trials to treat attention disturbance after moderate to severe TBI [71].
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The neural mechanisms underpinning CR are not well understood. In contrast to lateralized 

cognitive and language deficits after stroke, disturbance of memory and attention after 

concussion is attributed to network dysfunction involving multiple brain regions. Acquiring 

resting state functional MRI to measure functional connectivity of the default mode network 

(DMN) has shown dysfunction in athletes recovering from concussion [72]. The DMN and 

related networks are implicated in shifting between attention to tasks and self-referential 

mental activity; dysfunction may mediate difficulty in concentration following concussion. It 

is plausible that CR may facilitate recovery of DMN functioning.

In summary, CR consists of an array of restorative and compensatory techniques which are 

useful in treating persistent cognitive deficit after concussion or mTBI, but are more 

routinely employed following more severe TBI. CR is an evolving therapy which would 

benefit from more rigorous clinical trials. The format of CR may change as new 

technologies are used in combination with established techniques. Table 6 provides a 

summary of CR following TBI.

A graphical overview of the moments from injury to rehabilitation is provided in Fig 2.

Conclusions

The consequences of TBI, independent of severity, may be long lasting and result in varying 

degrees of permanent disability. SRCs are of increasing concern as a mild TBI, and 

management steps must be initiated at time of impact by rapid assessment at the sideline, as 

well as at later stages following the injury to reduce the risk for deterioration and to optimize 

recovery. For those that suffer from severe TBI, improvements in neuro-critical care 

monitoring allow for the detection of numerous factors exacerbating the injury, and aid in 

refining management. Following the initial post-injury phase, rehabilitation is essential in 

order to facilitate recovery. New methods of cognitive rehabilitation may play an important 

role, although future and more structured trials are warranted to evaluate their effect.
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Case example – interdisciplinary rehabilitation assessment of complex 
need

A 20-year-old student who underwent ICP-monitoring for a sports-related TBI (extensive 

contusions with left hemisphere dominance) 6 months previously attends the 

neurosurgical clinic for follow-up. He has been unable to return to his studies and is 

inactive at home. No neurosurgical complications are found. He is referred for 

rehabilitation assessment

Version 1: assessments by single therapists

He is referred to a neuropsychologist for assessment due to concern about possible 

cognitive deficits and behavioural issues, and separately to a physiotherapist due to mild 

right sided hemiparesis. The neuropsychologist however has difficulty administering 

several planned cognitive tests due to the patient’s hemiparesis affecting function in the 

dominant hand (writing), and also notes that the patient complains of uncontrolled pain in 

the same arm – it has not been possible to discontinue treatment with morphine initiated 

for headache immediately after the TBI. Speech problems are also noted, but a detailed 

evaluation of these lies outside the neuropsychologist’s expertise. The neuropsychologist 

notes that current morphine treatment may be affecting cognition and precludes firm 

conclusions about TBI-related cognitive impairments. A program of therapy targeting 

negative behaviours is given, but with little effect. The physiotherapy program also has 

little effect – the patient fails to turn up on many occasions and when he does come is 

reluctant to participate in therapy due to pain.

Version 2: assessment by an interdisciplinary rehabilitation team (physician, 
physiotherapist, speech and language therapist, neuropsychologist, occupational 
therapist):

The patient attends a coordinated team assessment over a period of a week, during which 

the team can have contact with each other, culminating in interdisciplinary discussion of 

findings and creation of a rehabilitation plan. A speech and language therapist 

characterizes a mild aphasia, considered to contribute to communication difficulties and 

frustration. The rehabilitation physician and physiotherapist note allodynia, neuropathic 

pain, and spasticity. Medications are adjusted to target neuropathic pain, eventually 

allowing cessation of morphine therapy. Treatment with botulinum toxin combined with 

physiotherapy contribute to improved hand function. Intensive speech therapy is 

provided, with improvement in aphasia. Assessment of cognition is complemented after 

these initial interventions, by the neuropsychologist in dialogue with a speech and 

language therapist, identifying executive difficulties that improve with strategy training. 

The rehabilitation team identify early that the patient has incomplete insight into his 

difficulties, and work continuously with the patient regarding this through the assessment 

and rehabilitation process. After intensive out-patient rehabilitation and co-ordination 

with the patient’s college, he returns to his studies with support 9 months after injury.
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Figure 1. 
Overview of the processes that occur from brain injury that will result in subsequent 

symptoms, highlighting the detrimental secondary injury cascade which neuro-critical care 

is aiming to mitigate.
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Figure 2. 
Overview of sideline assessments of a sports-related concussion, treatment of more severe 

brain injuries and highlights of neuro-rehabilitation.
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Table 1.

Common observable signs associated with a sports-related concussion.

Loss of consciousness

Slow getting up

Balance problems

Vacant look

Disorientated

Amnesia

Clutching the head

Facial injury
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Table 2.

“Red flags” to for sideline assessments

Neck pain or tenderness

Double vision

Weakness or tingling/burning in arms or legs

Severe or increasing headache

Seizure or convulsion

Loss of consciousness

Deteriorating conscious state

Vomiting

Increasingly restless, agitated or combative
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Table 3.

Graduated Return to Sport Strategy (Adapted from(1))

Stage Aim Activity Goal of each step

1 Symptom-limited activity Daily activities that do not provoke symptoms. Gradual reintroduction of work/school 
activities.

2 Light aerobic exercise Walking or stationary cycling at slow to medium pace. No 
resistance training.

Increase heart rate.

3 Sport-specific exercise Running or skating drills. No head impact activities. Add movement.

4 Non-contact training drills Harder training drills, e.g., passing drills. May start 
progressive resistance training.

Exercise, coordination, and increased 
thinking.

5 Full contact practice Following medical clearance, participate in normal training 
activities.

Restore confidence and assess functional 
skills by coaching staff.

6 Return to sport Normal game play.

NOTE: An initial period of 24–48 hours of both relative physical rest and cognitive rest is recommended prior to beginning the Return to Sport 
progression.

1.
McCrory P, Meeuwisse W, Dvorak J, Aubry M, Bailes J, Broglio S, et al. Consensus statement on concussion in sport-the 5(th) international 

conference on concussion in sport held in Berlin, October 2016. Br J Sports Med. 2017;51(11):838–47.
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Table 4.

Graduated Return to School Strategy (Adapted from [1])

Stage Aim Activity Goal of each step

1 Daily activities at home that 
do not give the child 
symptoms

Typical activities that the child does during the day as 
long as they do not increase symptoms (e.g. reading, 
texting, screen time). Start with 5–15 minutes at a time 
and gradually build up

Gradual return to typical activities

2 School activities Homework, reading or other cognitive activities 
outside of the classroom.

Increase tolerance to cognitive work.

3 Return to school part-time Gradual introduction of schoolwork. May need to start 
with a partial school day or with increased breaks 
during the day.

Increase academic activities

4 Return to school full-time Gradually progress school activities until a full day can 
be tolerated

Return to full academic activities and 
catch up on missed work

1.
McCrory P, Meeuwisse W, Dvorak J, et al. Consensus statement on concussion in sport-the 5(th) international conference on concussion in sport 

held in Berlin, October 2016. Br J Sports Med 2017; 51: 838–47.
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Table 5.

Bullet points on rehabilitation in moderate to severe traumatic brain injury

Assess Impairments

Activity and participation restrictions

Understand Social and environmental context

Patient priorities regarding rehabilitation

Plan rehabilitation interventions to… Minimize complications (appropriate medical follow up by professional with 
expertise in brain injury)

Restore function (utilize neuroplasticity; may include physiotherapy, speech and 
language therapy, neuropsychological rehabilitation, amongst others)

Compensate for function that cannot be restored (occupational therapy)

Adopt appropriate rehabilitation form and 
intensity considering individual patient needs 
(monodisciplinary, multidisciplinary, 
interdisciplinary)

Follow up the effect of rehabilitation and any 
persisting disability

Reassess

Adjust rehab plan

Consider return to work interventions
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Table 6.

Cognitive Rehabilitation (CR) for Sports and Non-Sports TBI

1.  CR is indicated for moderate to severe TBI, beginning when the patient is oriented and has reached a relatively stable baseline.

2.  For mTBI, CR is indicated for persistent cognitive deficits, defined by a duration > 4 weeks after sports related concussion and >3 months 
after non-sports mTBI.

3.  CR techniques include those that are restorative (e.g., retraining attention) and others which are compensatory (e.g., smart phone apps for 
reminders)

4.  Goal Management Training (GMT) is a promising treatment for executive function deficits typically identified after moderate to severe TBI.

5.  Combining CR with neuromodulation or pharmacologic treatment which enhance neuroplasticity may be effective, but further research is 
needed.

6.  Limitations in the CR literature include lack of data to support generalization of effects across situations and maintenance over time.

Abbreviations: mTBI = mild traumatic brain injury, CR = cognitive rehabilitation, TBI = traumatic brain injury.
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