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SUMMARY 

Post-concussive syndrome, second impact syndrome and chronic traumatic encephalopathy 

belong to the long-term sequelae after mild traumatic brain injury. Even though a lot of 

research exists, some sources describe contradictory findings, as these phenomena are still 

rarely seen, and the spectrum of reported symptoms and clinical findings is quite broad. As a 

consequence, definitions, predisposition factors, time span of symptoms, diagnostic criteria, 

pathophysiology, and treatment possibilities are yet hard to define as multiple have been 

proposed but are yet hard to be verified by definite evidence.  

The main risk group seems to be contact sport players and military personnel. Post-concussive 

syndrome includes physical, cognitive, behavioural, and emotional symptoms, which persist 

longer than typical post-concussive symptoms. Second impact syndrome describes the 

occurrence of a second head injury before complete recovery from the first one. Patients often 

report post-concussive symptoms after the first injury, followed by a collapse and coma after 

the second injury with the presence of diffuse cerebral edema. Post traumatic encephalopathy, 

also termed chronic traumatic encephalopathy describes a progressive neurological 

deterioration caused by repetitive brain trauma including an accumulation of pathologic tau 

protein and neurofibrillary tangles. Diagnosis depends on the possibilities of the medical 

center and involves gathering of anamnestic data, the subjective description of symptoms, 

conventional imaging like CT and MRI and if available, specific laboratory biomarkers and 

specific brain imaging like susceptibility weighted imaging, diffusion tensor imaging, MR 

spectroscopy, PET and functional MRI. For management options, there are multiple proposed 

experimental medical therapies, but the most effective seems to be prevention of multiple 

injuries, next to rest, rehabilitation with low-level (aerobic) exercise and a prolonged time 

period until returning to sports/work. In the case of second impact syndrome, the main goal is 

the reduction of the raised intracranial pressure and avoidance of deathly complications like 

brain herniation. 

 

ABBREVIATIOINS 

WHO: World Health Organization 

TBI: Traumatic Brain Injury 

MTBI: Mild Traumatic Brain Injury 

ICD-10: International Classification of Disease-10 

DSM-V: Diagnostic and Statistical Manual of Mental disorders-5 

PCS: Post Concussive Syndrome 
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CTE: Chronic traumatic encephalopathy 

AD: Alzheimer’s disease 

RPQ: Rivermead post-concussion symptoms questionnaire 

IL: Interleukin 

TNF: Tumour necrosis factor 

FUS: focused ultrasound 

LIPUS: low-intensity pulsed ultrasound 
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INTRODUCTION 

In this thesis, a literature review will be performed about the incidence, possible 

predispositions, pathogenesis, clinical picture, diagnostic possibilities, and management of 

long-term sequelae after mild traumatic brain injury, including post concussive syndrome, 

second impact syndrome and chronic traumatic encephalopathy.  

 

There are multiple definitions of mild traumatic brain injury. The most widely used definition 

for a long time was the one from 1993, when the American Congress of Rehabilitation 

Medicine defined mild traumatic brain injury as a traumatically induced physiological 

disruption of brain function manifested by at least one of the following diagnostic criteria:  

§ Any loss of consciousness 

§ Any loss of memory of events immediately before or after accident  

§ Any alteration in mental state at time of accident  

§ focal neurological deficits (may or may not be transient)  

 

but with it’s severity not exceeding:  

§ Glasgow coma scale score of 13 to 15 at 30 minutes after injury 

§ loss of consciousness for up to 30 minutes  

§ posttraumatic amnesia for less than 24 hours (1) 
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In 2003, the WHO Collaborative Center Task Force on Mild Traumatic Brain Injury 

published a review of existing definitions and identified several discrepancies for example 

involving different Glasgow Coma scale scores or different duration of loss of consciousness 

(2). Therefore, the WHO task force found an adapted version of the AMCR definition as 

written below:  

„MTBI is an acute brain injury resulting from mechanical energy to the head from external 

physical forces. Operational criteria for clinical identification include: (i) 1 or more of the 

following: confusion or disorientation, loss of consciousness for 30 minutes or less, post-

traumatic amnesia for less than 24 hours, and/or other transient neurological abnormalities 

such as focal signs, seizure, and intracranial lesion not requiring surgery; (ii) Glasgow Coma 

Scale score of 13–15 after 30 minutes post-injury or later upon presentation for healthcare. 

These manifestations of MTBI must not be due to drugs, alcohol, medications, caused by 

other injuries or treatment for other injuries (e.g. systemic injuries, facial injuries or 

intubation), caused by other problems (e.g. psychological trauma, language barrier or 

coexisting medical conditions) or caused by penetrating craniocerebral injury “(3) (p.115) 

Ruff et. al further explain the difficulties of finding one standardized definition of mild 

traumatic brain injury because of rapid resolution of symptoms and typical absence of 

objective evidence like signs of injury on neuroimaging (2). 

 

With this primary definition of mild traumatic brain injury and its diagnostic criteria already 

being difficult to standardize, one can imagine, that finding a definition and confirming the 

diagnosis of long-term sequelae after mild traumatic brain injury can also be complicated. As 

most patients recover quickly within days, weeks, or months, it is not clearly understood, why 

some people have poorer outcomes and long-term sequelae. Long-term sequelae after mild 

traumatic brain injury include: 

§ Neurobehavioral sequelae: spectrum of somatic and neuropsychiatric symptoms. 

Similar to post concussive syndrome, but not only limited to concussions but all types 

of brain injuries (4). 

§ Second impact syndrome: experience of a second head injury before complete 

recovery from initial injury resulting in diffuse cerebral edema (5). 

§ Post concussive syndrome: physical, cognitive, behavioral and/or emotional symptoms 

that occur after experience of a mild traumatic brain injury (6). Symptoms persist 

beyond the usual recovery period after concussion (7).  
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§ Post traumatic encephalopathy/ Chronic traumatic encephalopathy: progressive 

neurological deterioration caused by repetitive brain trauma (8). 

 

EPIDEMIOLOGY/ PREDISPOSITION FOR LONG TERM SEQUELAE: 

Mild TBI is the most common type of traumatic brain injury in the United States accounting 

for 75% of all traumatic brain injuries. Long term sequelae can also happen after moderate or 

severe injuries but appear more often in mild TBI.  

Women seem to suffer more often from post concussive syndrome than men. There are 

several theories trying to explain this phenomenon, which include psychosocial factors, 

differences in symptom reporting, hormonal influences, and the use of ICD-10 rather than 

DSM IV criteria in the diagnosis. Also, incidences seem to increase with age and risks are 

higher if the patient suffered from multiple brain injuries. A protecting factor seems to be 

younger age, where increased neuroplasticity appears to have a positive influence on the 

outcome of  traumatic brain injuries (6). Other sources additionally mention pre-injury, peri-

injury and post injury factors which may increase the risk of post concussive syndrome 

occurrence. Pre-injury factors involve female gender, adolescent or higher age, psychiatric 

history and substance use, peri-injury factors contain mechanism of injury and MRI factors 

like number of visible contusions and shear foci and post injury factors include presence of 

PTSD, anxiety, depression and migraines (9). A study from Wäljas et al. containing a sample 

size of 126 mTBI patients showed an incidence of PCS of 59% after one month and 38% after 

one year (10). 

Second impact syndrome (SIS) is an extremely rare and controversially discussed topic, 

which occurs in athletic children and adolescents (11). Mostly affected are young male 

athletes from age 13 till 24, playing contact sports like American Football, boxing and hockey 

(12).  

Chronic traumatic encephalopathy is also mostly reported in athletes, especially American 

Football players, boxers, and military veterans.  

Genetic factors influencing the pathophysiology of CTE are not yet clearly defined, even 

though ApoE4 carriers seem to be generally more at risk to suffer from severe outcomes after 

TBI (13). This apolipoprotein E e4 allele is thought to be involved in the inhibition of 

neuronal growth after brain injury. Furthermore, psychosocial factors and age may play a role 

(14). This ApoE4 gene is also associated with amyloid beta deposition in Alzheimer dementia 

(15). ApoE3 on the other hand might be a factor of neuroprotection (16). Falcon et al. suggest 

that co-factors which are needed for the assembly of tau protein, cross the blood brain barrier 
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after head trauma, therefore making individuals with higher levels of co-factors more 

susceptible to CTE (17). 

 

LITERATURE SEARCH STRATEGY  

For this research the database PubMed was searched for the following key words: post 

concussive syndrome, second impact syndrome, chronic traumatic encephalopathy/post 

traumatic encephalopathy, mild head injury, long term outcome of mild head injury, 

neurobehavioral sequelae. In total, the search for the aforementioned keywords yielded 

12.634 results of which 1319 were for post concussive syndrome, 2029 for second impact 

syndrome, 6862 for mild head injury, 462 for long term outcome after TBI and 961 for 

chronic traumatic encephalopathy as well as 1001 for post traumatic encephalopathy. Criteria 

were publication dates not older than 10 years and availability of full text. On average, the 

first 5 pages of results were red and finally, 144 sources were included in this thesis, of which 

all articles were accessible either for free or with the Vilnius University VPN. In addition to 

that, more recent articles (written in last 5 years) were preferred as source to represent the 

newest research findings. This thesis contains only information from English sources. 

Neglected were all articles with a publication date less recent than 10 years, except for 

primary sources. 

 

CLINICAL PRESENTATION 

POSTCONCUSSIVE SYNDROME: 

Post-concussive symptoms are transient in most cases and subside within 10 to 14 days after 

mild traumatic brain injury. There is however a subgroup which is called post-concussive 

syndrome (persistent post-concussive symptoms), which according to the DSM-IV occurs 

when symptoms persist for longer than three months (18). While transient post concussive 

symptoms are followed by full recovery, the persistent syndrome seems to have lasting effects 

on cognition, memory and learning and executive function (6). There is evidence, that in 

some cases, symptoms may last for over 6 months and some studies report that 5% of patients 

with initial mild traumatic brain injury are still complaining of symptoms after 12 months 

(10). A figurative time scale of the mentioned post-concussive symptoms can be seen in 

figure 1 (19). 
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Figure 1: Time scale and ethiology of post-concussive syndrome after mTBI (19) 

 

The presenting symptoms can be of various types. In the research there can be found physical, 

behavioural, and emotional types of symptoms. Physical symptoms include headache, fatigue, 

vision and balance disturbances, dizziness and insomnia. (6) Other sources on the other hand 

split up the symptoms after concussion into vestibular, sensory, cognitive, and emotional 

groups. Cognitive symptoms here include forgetfulness, difficulty concentrating, attention and 

memory problems. Emotional problems include fatigue, insomnia, irritability, and depression. 

Examples for vestibular symptoms include imbalance, nausea and dizziness, while sensory 

symptoms include blurred vision, migraines, tinnitus and photo or phonophobia. (7) 

 

SECOND IMPACT SYNDROME: 

The outcome of this condition is most often poor and ranges from permanent disability to 

death. Older individuals above 19 years seem to have a better prognosis (12). Typical 

concussion symptoms of varying severity may be present after the first traumatic injury, like 

severe headache, nausea or vomiting, retrograde amnesia, dizziness, confusion, fatigue, 

vision, motor or sensory disturbances, poor coordination, irritability, or loss of consciousness, 

followed by collapse and subsequent coma after the second injury (5,20).  

 

CHRONIC TRAUMATIC ENCEPHALOPATHY: 

Symptoms include behavioural disturbances such as aggression and impulsivity, mood 

disturbances like anxiety, depression or mania and cognitive impairments like poor attention, 

language deficits, dementia, executive impairment, and memory deficits. There can also be 

motor deficits like ataxia and parkinsonism (13).  The clinical presentation depends on the 

stage of disease progression. According to McKee, stage 1 shows mostly asymptomatic 

patients, who might complain of a mild short term memory deficit, mild aggression, or 
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depressive symptoms. Stage 2 can show more pronounced mood and behavioural symptoms. 

Cognitive deficits start with stage 3, while stage 4 presents with language and motor deficits, 

as well as psychotic symptoms (8). According to Stern et al. there are two main subtypes of 

CTE. The first one presents initially with affective changes while the second one involves 

more cognitive impairment (21). Gardner et al. on the other hand divided clinical symptoms 

into a classic and modern subtype. Classic symptoms include mainly motor symptoms like 

dysarthria, movement difficulties and later memory deficits, while modern type is mainly 

made up out of neuropsychiatric symptoms and later cognitive deficits (22). These two 

different symptoms can be explained by the classic type being reported in older publications 

and therefore mainly in boxers and the modern type being reported mostly after 2005 and 

therefore mostly in American Football players, consequently involving a different mechanism 

of injury (23). 

 

MECHANISMS AND PATHOLOGY  

TRAUMATIC BRAIN INJURY: 

There are multiple pathomechanisms, which are thought to play a role in the development of 

acute and chronic changes occurring after traumatic brain injury. (24)  These include:  

1. Excitotoxicity for neurons and oligodendrocytes through activation of glutamate receptors,  

2. Oxidative stress by generation of reactive oxygen and reactive nitrogen, which lead to 

irreversible neuronal membrane damage and subsequent secondary injury mechanisms and 

therefore dysfunction and cell death.  

3. Delayed and prolonged apoptosis of neuronal or myelin producing cells as potential 

mechanism for the progressive nature of TBI (25), (24). 

4. Inflammatory processes are an important secondary injury mechanism,with an increased 

activation of microglia and recruitment of macrophages into injured tissue and subsequently 

increased synthesis of proinflammatory and therefore potentially neurotoxic chemokines and 

cytokines (26–30). Inflammasome activation might also play a factor (31,32). Newer studies 

found that some inflammatory cells might be both neurodegenerative and reparative (33–35). 

Consequently, there are different phenotypes of distinct microglia/macrophage subsets, where 

M1 is proinflammatory and has cytotoxic properties, while M2 has anti-inflammatory and 

therefore progenerative & immunoregulatory functions (36,37). 

5. White matter injury including diffuse axonal injury is another important mechanism of 

traumatic brain injury. The degree of axonal injury seems to be severity dependant (38). 

6. Demyelination due to axonal damage or death of myelinating cells (24). 
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7. Moderate reductions in chronic cerebral blood flow which could aggravate inflammatory or 

excitotoxic processes (24). 

 

POSTCONCUSSIVE SYNDROME: 

Concussion according to the Zurich guidelines includes a combination of metabolic (39), 

physiologic (40) and microstructural (41) injuries to the brain. It is proposed that acceleration 

and deceleration forces cause shearing of neural and vascular structures of the brain (42) with 

sudden neuronal depolarization and subsequent transmission failure (43,44).  In addition to 

that, psychogenic factors also play a role in developing a post-concussive syndrome.  

Some sources believe that PCS is caused by damage to the autonomic nervous system. This 

affects the parasympathetic and sympathetic nervous system and can therefore be associated 

with depressive symptoms. It also affects cerebral blood flow, blood pressure and heart rate 

and therefore causing dizziness, headache, confusion and concentration problems (6)(45). The 

presence of reduced heart rate variability can be used to assess autonomic dysfunction, which 

is thought to represent an uncoupling between the autonomic centres of the brain and 

cardiovascular system (46). Studies discovered, that patients with mild traumatic brain injury 

were unable to switch from parasympathetic to sympathetic control in time when exercising, 

as they showed lower heart rates (47) and blood pressure (48) during exercise and standing up 

causing them to feel dizziness. 

 

SECOND IMPACT SYNDROME: 

Second impact syndrome per definition are two mild head injuries in close timely proximity 

to each other. The main proposed mechanism is the loss of autoregulation inside the brain 

after a first traumatic brain injury.  

After a primary trauma, the brains autoregulatory mechanisms jump in and prevent from 

massive swelling by limiting cerebral blood flow which leads to the accumulation of lactate 

and therefore intracellular acidosis (49). This means that the brain is in a vulnerable state, 

without the ability to autoregulate (50), with reduced blood flow, altered metabolism, 

decreased protein synthesis and reduced oxidative capacity (51). This loss of autoregulation 

increases the risk of having deteriorated outcomes like hyperemic brain swelling, increased 

intracranial pressure and therefore brain herniation, if another injury occurred before the 

metabolic homeostasis of the brain is restored (39). This vulnerable state can last for up to ten 

days, which makes second impacts during that time span most dangerous (52). The closer 
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together the impacts are in time, the higher severity of cerebral pathology and symptoms can 

be expected (53).  

The diffuse brain edema, also termed “malignant brain edema” can lead to compression of 

parenchyma and vasculature causing injury (11) as well as the mentioned catastrophic 

deterioration like brain herniation (54).  

It is proposed that hyperemia leads to vascular congestion, which then leads to cerebral 

edema. Vascular congestion is further exacerbated by a dysfunctional trigeminal system 

which can affect parasympathetic activity and contributes to vasodilation. This leads to 

increased intracranial pressure and brain injury (11). Additionally subdural hematoma were 

found in most cases of SIS in a recent review (55).  

 

CHRONIC TRAUMATIC ENCEPHALOPATHY: 

Chronic traumatic encephalopathy results of either severe or repetitive mild traumatic brain 

injuries. Acceleration and deceleration forces seem to be important in the mechanism of TBI. 

Lateral (side to side) injuries result in more injury, than sagittal (front to back) forces.  

CTE is considered a tauopathy because of the accumulation of tau protein and neurofibrillary 

tangles. The distribution pattern of tau can be considered as pathognomonic. It accumulates in 

neurons and glia with perivascular accentuation and involvement of the depths of sulci in 

neocortical grey matter. This perivascular accumulation of tau could be explained by a loss of 

the integrity of the blood brain barrier caused by axonal injury and micro-hemorrhage and 

subsequent release of neurotoxins (15,56). 

Brains of affected individuals also show atrophy of the mamillary bodies, a mild ventricular 

enlargement (especially lateral and third), pallor of substantia nigra and thinning of the corpus 

callosum (15). There is also a general reduction of brain mass probably caused by the atrophy 

of the frontal, temporal and parietal lobe, scarring as well as neuronal loss of the cerebellar 

tonsils and cavum septum pellucidum with fenestrations (57). An exemplary MRI image of an 

enlarged cavum septi pellucidi can be seen in figure 2. This phenomenon with or without 

fenestrations is normally onle seen in newborns and its presence in adults could be explained 

by a fluid wave inside the lateral ventricles, which puts shearing forces on the septum (58). 
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Figure 2: Cavum septi pellucidi on coronal plane of T1-weighted MRI of symptomatic, 

former professional football player, marked by an arrow (59). 

One of the main histological signs is an accumulation of hyperphosphorylated TDP-43. This 

is the (TAR) DNA-binding protein 43. It’s translocation from the nucleus to the cytoplasm is 

considered as a sign for neurodegenerative conditions such as Amyotrophic Lateral Sclerosis 

or frontotemporal lobar dementia. Neuronal loss, axonal degeneration and white matter 

degradation are further signs (15). A summary of the main pathological findings can be seen 

in figure 3.  
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Figure 3: picture of the neuropathologies which are thought to be associated with 

neurodegeneration after traumatic brain injury (60) 

 

There are four pathological stages:  

• Stage 1: grossly normal brain with tau protein accumulation, neurofibrillary tangles, 

and neurites 

• Stage 2: enlargement of ventricles, cavum septum pellucidum defects and multiple 

foci of accumulated tau protein  

• Stage 3: brain weight loss with mild frontal and temporal lobe atrophy and dilation of 

the ventricles  

• Stage 4: more dramatic reduction of brain weight, profound atrophy, septal defects and 

widespread accumulation of tau (8). 

 

There are multiple theories trying to explain the pathologic accumulation of tau. One of them 

is based on evidence that reactive gliosis and redistribution of aquaporin 4 molecules lead to a 

disruption of the clearance of cerebrospinal fluid of interstitial beta-amyloid through the 

glymphatic system (brains lymphatic system) (61,62).  
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DIAGNOSIS 

TRAUMATIC BRAIN INJURY: 

In general, a detailed history should always be obtained and a thorough neurological 

examination should be conducted, including the examination of cranial nerves, peripheral 

reflexes and motor, balance and sensory function alongside a cognitive evaluation (63). 

There are often problems and limitations in the clinical diagnosis of long term sequelae after 

mild brain trauma due to the subjective description of symptoms and comorbidities or other 

factors that could influence or provoke symptoms, like normal aging, substance abuse or 

developmental environment (64).  

For neuroimaging, structural MRI is the most commonly used modality for subacute to 

chronic traumatic brain injury (65,66) because it is able to identify characteristic injuries like 

white matter and axonal injury and brain atrophy. Other new possibilities in neuroimaging 

include susceptibility weighted imaging which is very sensitive in detecting hemorrhagic 

lesions, diffusion tensor imaging which can determine axonal integrity, MR spectroscopy and 

PET which are able to assess the brains metabolism and functional MRI to assess the brain’s 

function (67). 

Oxidative stress markers include carbonylated proteins, lipoperoxidases, reactive oxygen 

species and reactive nitrogen species as well as decreased antioxidant defense enzymes 

(68,69). 

Inflammatory markers seen in traumatic brain injuries may include elevated levels of IL-1 in 

late stages (70)  as well as elevated IL-1ß, TNF a, IL-6 and transforming growth factor 

(71,72) 

 

POST CONCUSSIVE SYNDROME: 

At this moment, there are two clinical criteria available to diagnose post concussive 

syndrome. This includes the commonly used ICD-10 (international classification of Diseases, 

10th Revision) and the DSM-IV (Diagnostic and Statistical Manual of Mental Disorders) (6). 

Both diagnostic criteria are similar in that they include three or more of the following 

symptoms: headache, dizziness, fatigue, irritability, insomnia, concentration or memory 

difficulty. One of the key differences is that DSM criteria additionally require 

neuropsychological evaluation of quantified cognitive assessment in addition to the symptoms 

occurring for at least 3 months, while the ICD-10 criteria require a symptom duration of 4 

weeks (19). The DSM-IV diagnostic criteria seem to be more strict as studies found a 
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prevalence of PCS, 3 months after mTBI of 64% when using ICD-10 criteria, while the 

prevalence was only around 11% when using DSM-IV (73,74). 

There are different self-reports used in the diagnosis of post concussive syndrome. The 

Rivermead post-concussion symptoms questionnaire (RPQ) is one of them. It is a self-test, 

which contains questions about common PCS symptoms like for example headaches, 

dizziness, mood disturbances and vision problems. (75)  

It is important to differentiate PCS from pre-accidental conditions like migraine headaches, 

depression or chronic pain as well as other injuries like cervical injury (76).To differentiate 

post concussive symptoms from depression, exercise testing can be used, as concussion 

symptoms usually worsen with exercise (77) while the opposite should occur in depression 

(78). For the differentiation of cervical injuries, physical examination and imaging can be 

used. 

There is growing evidence from neuroimaging and neurophysiological studies that indicates 

that prolonged symptoms are caused by occult brain dysfunction. (79,80) Problems are 

especially, that there is no consensus on regular follow ups after the acute period and what 

imaging techniques and biomarkers should be evaluated at what time. (7) Three imaging 

modalities discussed in multiple studies were evaluated in a review article by Biagianti et al. 

from 2020:  

1. Resting state functional MRI (rsfMRI): Messé et al. performed a study where subjects 

underwent rsfMRI and graph theory examinations at subacute (8-21 days) and late phases (at 

6 months). Persistent PCS was diagnosed at 6 months in 17 patients according to DSM-IV 

criteria. All mTBI patients showed increased connectivity in their limbic system. Persistent 

PCS patients additionally showed unique early thalamic and temporal lobe changes during 

subacute phase and decreased graph properties in frontal regions at the late phase. Other than 

in the H-MR spectroscopy study by Henry et al., objective changes correlated with reported 

symptoms (81). 

Sours et al. performed a study of mTBI patients receiving rsfMRI and resting state perfusion 

scan using PASL technique at acute (1 week), subacute (1 month) and chronic phase (6 

months). According to self-reported symptoms, 12 of 28 were categorized as PCS. Functional 

connectivity and cerebral blood flow were assessed. Results showed that all mTBI patients 

showed  alterations in network perfusion in the chronic stage while PCS patients showed 

these signs in all three stages (82). 

2. Diffusion weighted imaging (DWI): Patients were evaluated by DWI at subacute phase 

and late phase. PCS was detected by ICD-10 criteria in 22 of 53 mTBI patients. Impairments 
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in white matter fiber bundles were detected in all patients with mTBI. Patients with PCS 

showed longer persisting, greater and wider impairments than patients without PCS (83). 

3. H-MR spectroscopy Imaging (HMRSI): The effect of mild traumatic brain injury on the 

metabolism of the brain were evaluated. Therefore, patients were evaluated during the acute 

(1-6 days) and chronic phase (at 6 months). Symptoms were assessed by Post concussion 

symptom scale, which consists of a 22 item self-report. Interestingly, subjective symptoms in 

the chronic phase were similar in both groups, as the affected group reported of clinical 

recovery. Objective analyses on the other hand painted a different picture as they still 

displayed some metabolic disruptions. Some disrupted metabolites normalized after the acute 

phase, while other cortical metabolic disruptions which were not present in the acute phase 

emerged over time and persisted during the chronic stage (84). 

George et al. performed a similar study. They evaluated patients with post-concussion 

symptoms questionnaire (RPQ)(75) to assess severity of PCS and automated 

neuropsychological assessment metrics (ANAM)(85) to assess cognitive performance. The 

results showed decreased choline-to-creatinine ratio in mTBI patients in thalamus and 

centrum semiovale at late subacute phase. There were no correlations between severity of 

PCS and neurometabolic markers (86). 

 

Summarizing the main findings in the review article of Biagianti (7), it can be said that in the 

studies by Messé and Sours et al. (81–83,87), patients with persistent PCS can show damage 

to structural integrity and signs of disrupted network communication or metabolism in acute 

and subacute phases. According to Biagianti, brain dysfunction can be categorized into 

quantitative (biomarkers or brain dysfunction in both groups, but higher quantity in PCS) or 

qualitative (unique biomarkers or brain dysfunction in PCS which is not visible in healthy 

control group).  

Henry et al. showed that brain dysfunction can also be absent in acute and subacute phase and 

can only emerge in chronic phase. (84) 

Recovery can be different. Some patients show compensatory reorganization with 

normalization and complete recovery, while in other patients, impairments may linger and 

contribute to the pathology of persistent PCS. Biomarkers found in the aforementioned 

studies include decreased fractional anisotropy values in association, commissural and 

projection white matter fibre tracts (83), lower graph properties in bilateral frontal gyri (81), 

greater perfusion in TPN nodes compared to DMN (87), reduced strength of DMN 
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connectivity (82), decreased thalamic functional capacity (88) and decreased connectivity in 

posterior regions of several resting state networks (89).  

Henry et al. (84), George et al. (86) and Wäljäs et al. (10) studies found no association 

between PCS severity and appearance of biomarkers.  

Difficulties in the appropriate diagnosis of PCS might have its origin in the unavailability of 

high-level neuroimaging protocols in clinical practice, therefore reliance on gross measures 

like CT scans, which often are not specific enough to show occult brain dysfunction or 

reliance of self-report rather than objective findings. Figure 4 shows some examples of head 

imaging with MRI sequences after concussion, where head CT was performed before and 

found to be normal. Consequently, post-concussive symptoms are often associated with as 

psychosocial factors by clinicians and treated with psychiatric medications like analgesics or 

anti-depressants. As a possible solution, repeated assessments for those where symptoms 

persist beyond acute period and do not have expected recovery, low impact and low cost 

rsfMRI can be applied as well as the RPQ (7). 

 
Figure 4: MRI of post-concussive symptoms after mTBI. In each case, cranial CT was 

normal and MRI was obtained within 48 h on injury. (A) Right frontal non-hemorrhagic 

contusion, on FLAIR. (B) Linear microhemorrhages in left and right frontal lobes, on T2* 
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image. (C) Diffuse axonal injury lesion in splenium of corpus callosum, with restricted 

diffusion on DWI image. (D) Diffuse axonal injury, with multifocal lesions on diffusion 

tensor imaging (DTI). (E) Traumatic meningeal enhancement of subdural effusions, on 

contrast FLAIR image. (F) Traumatic microvascular injury - Top row = healthy control; 

Bottom row = TBI patient - Left column: Cerebral Blood Flow, Right column: 

Cerebrovascular reactivity  

(Credit for figures: Figures A, B, C, E: Larry Latour, PhD, NINDS/NIH; D: Carlos Marquez 

de la Plata, PhD, University of Texas at Dallas; F: Franck Amyot, PhD, Uniformed Services 

University of the Health Sciences. (73)) 

 

SECOND IMPACT SYNDROME: 

Radiological evaluation: 

CT can be used to reveal diffuse cerebral edema with midline shift, which can be considered 

as the pathognomic sign of this condition. There might also be brain herniation in the most 

severe cases, mild to moderate subdural hematomas not large enough to cause midline shift, 

subarachnoidal hemorrhage and ischemic stroke (12).  

MRI with T2 and diffusion weighted imaging are even more sensitive for the described subtle 

changes but takes longer and is therefore not advised in emergency situations. Diffuse axonal 

injury can be seen as diffuse high-signal intensity specks within the white matter.  

 

In a case described by Weinstein et al., the patient showed normal head CT results after the 

first impact and subtle changes like diffuse brain edema and thalamic injury only became 

visible after the second impact, when the patient already was in a very severe condition. The 

corresponding images are shown in figure 5. 
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Figure 5: Picture from case in study by Weinstein et al. CT and MRI pictures were taken 

after second impact. A: head CT with arrows pointing to thin bilateral subdural hematomas. 

B: Sagittal T1 brain MR image with arrows pointing to downward descent of midline 

structures. C& D: Axial T2 MR image, arrows pointing to thalamic injury. Restricted 

diffusion was proven by calculation of apparent diffusion coefficient. (90) 

 

N-acetylaspartate is a marker of high metabolism and is thought to be a possible marker for 

assessing concussion (91,92). 

 

CHRONIC TRAUMATIC ENCEPHALOPATHY: 

In 2014, there was a clinical classification proposed, which used the term traumatic 

encephalopathy syndrome (TES) instead of chronic traumatic encephalopathy. Those criteria 

allowed for a diagnosis in vivo, contrary to the CTE which can only be diagnosed by 

neuropathologic abnormalities post-mortem (67). The proposed diagnostic criteria according 

to Montenigro et al. (23) are classified into probable, possible and unlikely. Criteria include: 
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• history of TBI (mild, moderate/severe or sub concussive) 

• source of exposure (contact sports, military service etc.) 

• no other neurological disorder 

• features present for over 12 months 

• at least one clinical core feature (cognitive, behavioural or mood symptoms)  

• at least two supportive features (impulsivity, anxiety, apathy, paranoia, suicidality, 

headache, motor signs, decline, delayed onset).   

 

There are 4 different diagnostic subtypes: 

1. behavioural/mood variant (behavioural or mood core features without cognitive) 

2. cognitive variant (without behavioural or mood features) 

3. mixed variant (cognitive and behavioural or mood features) 

4. dementia (progressive cognitive with or without behavioural or mood features) 

 

The biomarkers for the diagnosis include:  

• septum pellucidum or fenestrations (neuroimaging) 

• normal beta amyloid CSF level (diminished levels would indicate Alzheimer disease) 

• elevated CSF p-tau/tau ratio 

• negative amyloid and positive tau imaging (PET imaging with ligands that selectively 

bind to p-tau) 

• cortical thinning and atrophy (MRI or CT)  (23) 

 

MANAGEMENT 

MILD TRAUMATIC BRAIN INJURY: 

In addition to initial stabilization in emergency situations, observation, analgesics and 

antiemetics as first measures, there are multiple studies investigating the use of other 

medications and treatment modalities for long term sequelae after mild traumatic brain injury. 

There are multiple experimental treatment possibilities, of which a few are mentioned in the 

following paragraph. However, most are of low level of evidence and would need further 

research and trials in order to establish a standard multidisciplinary management for those 

kind of patients.  

The injury mechanism caused by oxidative stress can be improved by restoring oxidant and 

antioxidant balance (93–95) for example with selective poly (ADP ribose) polymerase 1 

inhibition which in turn decreases generation of ROS and proinflammatory cytokines (96). 
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There are multiple proposed  mechanisms to decrease excitotoxicity for example by inhibition 

of specific glutamatergic receptors which results in protection in terms of cell death(24)(97–

99). Another protective treatment could be directed towards NMDA or AMPA receptor 

activation (100–102)(103). Other studies evaluated the use of experimental IL-1ß receptor 

blockers (104–110) or progesterone or anti-inflammatory steroids (111). 

Another theory is therapeutic hypothermia. It is thought, that early cooling and temperature 

management may reduce levels of TNF alpha and IL1ß levels as well as an abnormal 

activation of inflammasome (112–117). 

Reduced blood flow to the brain could be treated with Nitric Oxide to dilate vessels and 

restore an adequate perfusion of brain vessels.  

A recently suggested therapy option is hyperbaric oxygen therapy (HBOT), which was 

traditionally used after diving accidents or in the case of difficult wound healing, but now also 

seems to be a promising option in this field of medicine, where multiple studies showed 

definite improvements in cognitive functions after HBOT (118–120). Proposed mechanisms 

of action of HBOT are for example oxygenation of hypoxic tissue (121), restoration of 

mitochondrial function (122), increased brain metabolism (123) and angiogenesis for 

restoration of cerebral blood flow and axonal regeneration (124). 

The most important and reliable management option up to today remains prevention. 

Education in sports and military training are necessary to prevent the occurrence and 

recurrence of head injuries (13). 

 

POSTCONCUSSIVE SYNDROME: 

One of the most important management strategies concerning PCS are cognitive training, 

cognitive behavioral therapy and occupational therapy (125–127).  

Other studies additionally mention the value of low level (aerobic) exercise rehabilitation 

(63,128,129) in combination with rest (130).  

Experimental possibilities include sertraline, where some studies showed it being effective in 

preventing post TBI depression when administered early after the injury (79), repetitive 

transcranial magnetic stimulation, vestibular and vision rehabilitation therapy and anti-

migraine medications for headaches (19). The question when a return to sports is advisable is 

an important topic to prevent long term physical limitations as well as severe syndromes like 

the mentioned second impact syndrome. A proposed algorithm for this decision can be seen in 

figure 6. 
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Figure 6: Algorithm of returning to activity (RTA) after concussion (129). (NP= 

neuropsychological) 

 

SECOND IMPACT SYNDROME: 

The main goal is to decrease the intracranial pressure and reduce the subsequent brain edema. 

Therefore, mild hyperventilation, reverse Trendelenburg positioning, IV mannitol or 

hypertonic saline is suggested. Emergent surgical possibilities include an external ventricular 

drain or bifrontal decompressive craniectomy. For neuroprotection, the induction of a 

pentobarbital coma is advised (90,131). In case of circulatory failure, standard resuscitation 

methods are advised like airway management, restoring a stable circulation and neurosurgery 

consult.  

As also mentioned in the other paragraphs, prevention is one of the best possibilities in such 

cases, as there are yet only limited treatment options available (11).  

 

CHRONIC TRAUMATIC ENCEPHALOPATHY: 

Prevention of multiple injuries is the main management possibility in this neurodegenerative 

disease. Therefore after concussion it should be waited for at least one month before returning 

to sports (58). Some experimental studies mention co-factors as a possible target for therapy 

(17) and anti-inflammatory agents like minocycline with N-acetylcysteine (anti-oxidant) in 

acute and subacute post TBI (132,133). 

Monoclonal antibody therapy or tau lowering oligonucleotides against pathogenic cis-tau 

protein are also a promising, but still evolving and experimental strategy in the management 

of CTE (134). As it is problematic for antibodies to cross the blood brain barrier, unilateral 
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focused ultrasound (FUS) has been discussed as a method to increase permeability of the 

barrier through producing transient openings in the tight junctions of endothelium (135). 

Microbubbles can be injected together with FUS to decrease side effects (136,137). Some 

studies discovered that the application of FUS even without added pharmaceuticals, as well as 

low intensity pulsed ultrasound (LIPUS) showed improvements in TBI and CTE patients 

(118,138,139). 

Another experimental treatment option could be kinase inhibitors, which can inhibit the 

formation of neurofibrillary tangles by inhibiting the hyperphosphorylation of functional to 

pathogenic tau (134).  

 

DISCUSSION 

Despite grand amounts of existing research, these syndromes are hard to grasp because there 

are many contradictory findings and theories, as these phenomena are still rarely seen, and the 

spectrum of reported symptoms and clinical findings is quite broad. Consequently, clear 

definitions, predisposing factors, time span, diagnostic criteria and routine treatment 

possibilities are yet hard to define. Incidences seem to be higher among women and the main 

vulnerable group for all three described long-term sequelae are contact sport players and other 

persons exposed to multiple head injuries. Apo E3 seems to be a protective factor, while Apo 

E4 and higher amounts of co-factors for tau protein assembly are thought to be associated 

with higher incidences of those sequelae.  

Post-concussive syndrome includes physical symptoms such as headache, fatigue, and vision 

problems, as well as cognitive and emotional deficits, which persist longer than typical post-

concussive symptoms. A definite time scale is hard to find, but most sources describe a 

duration of at least 3 months. Basic pathophysiology seems to include damage to the 

autonomic nervous system and therefore dysregulation of the parasympathetic and 

sympathetic systems.  

Second impact syndrome describes the occurrence of a second head injury during a 

vulnerable state of the brain before it could completely recover. During this time, auto-

regulatory mechanisms of the brain often do not function properly and leave the brain with an 

altered blood flow and metabolism and therefore vulnerable to extensive damage if a second 

injury should occur. Patients often report post-concussive symptoms like headache, dizziness, 

and nausea after the first injury, followed by a collapse after the second injury with the 

presence of pathognomic diffuse malignant cerebral edema. Children are most vulnerable for 

this type of injury while individuals over 19 years seem to have a better prognosis.  
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Post traumatic encephalopathy, or chronic traumatic encephalopathy describes a progressive 

neurological deterioration with behaviour and mood disturbances such as aggression, 

dementia, and motor deficits. This long-term sequel is defined by a pathognomic 

accumulation of pathologic tau protein in neurons and glia with a perivascular accentuation 

and includes 4 different stages and 2 subtypes. The stages range from mild or asymptomatic 

in stage 1 over mood and behavioural symptoms (2) and cognitive deficits (3) to language and 

motor deficits in stage 4, while the subtypes include a modern (mainly neuropsychiatric and 

cognitive symptoms which are associated with American football players as the vulnerable 

group) and a classic subtype (mostly motor symptoms and associated with boxers)  

Diagnosis of the mentioned sequelae involves specific modalities next to the usual gathering 

of anamnestic data, laboratory investigations, clinical evaluation and conventional imaging 

like CT and MRI. Specific laboratory biomarkers such as oxidative stress markers, 

inflammatory interleukins and N-acetylaspartate, and brain imaging like susceptibility 

weighted imaging, diffusion tensor imaging, MR spectroscopy, PET and functional MRI are 

much more specific than conventional diagnostic possibilities but are not available in most 

medical centres. Together with subjective varying symptom descriptions, only minor 

structural pathological signs and close to non-existent standards, makes this the definite 

diagnosis of those syndromes much more difficult.  

For management options, there are multiple proposed experimental medical therapies like 

monoclonal antibodies, anti-depressants well as the appliance of transcranial brain 

stimulation, hyperbaric oxygen therapy or ultrasound, but the most effective seems to be 

prevention, next to rest, physical and psychological rehabilitation together with close 

observation by trained specialists and a prolonged time period until returning to sports/work.  

 

CONCLUSIONS 

Finding a definition and confirming the diagnosis of long-term sequelae after mild traumatic 

brain injury can be complicated. It is not clearly understood as to why most patients recover 

quickly within days, weeks, or months, and some people have poorer outcomes and long-term 

sequelae. 

Finding uniform diagnostic criteria seems to be fairly difficult with conventional CT not 

being able to detect the subtle brain changes in those long-term sequelae by only showing 

gross brain anomalies and hemorrhages. MRI seems to be more specific and able to detect 

white matter and axonal injury together with brain atrophy, but yet more specific imaging 

techniques are needed to evaluate the full extent of brain pathology in such cases. Possibilities 
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here include susceptibility weighted imaging to detect minor hemorrhagic lesions, diffusion 

tensor imaging to determine axonal integrity, MR spectroscopy & PET to evaluate brain 

metabolism and functional MRI for brain function. 

As there is no definite treatment method, prevention seems to be the key take home message 

as it is the only proven, effective measure for avoiding the previously mentioned long term 

sequelae. Therefore, ongoing educating activities should be encouraged, especially for 

members of the mentioned risk groups like young contact sport players and military 

personnel. These education programs could include safety measures during sports like 

protective gear and information about the typical procedure after obtaining a head injury like 

information about the “normal” time span and type of symptoms. A close collaboration with 

professional medical personnel should be encouraged, who could perform specific 

questionnaires, laboratory tests and brain imaging to evaluate the severity and persistence of 

symptoms and could therefore help in making an informed decision about when a return to 

sports might be safely possible.  
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