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Epidemiologie

• TBI- hospitalizace v Evropě: 262/100 000/rok
• TBI mortalita: 10-15/100 000/rok
• incidence mTBI/komocí- 600/100 000/rok 
• děti (4), muži (15-25), skupina nad 65 let
• pády 
• dopravní úrazy, 
• násilí
• sportovní úrazy
• vojáci
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Etiopatogeneze- mechanismy

TUPÁ/ZAVŘENÁ

Kontaktní

Inerciální	
- translační
- rotační

PENETRUJÍCÍ
střelná poranění	
(penetrující)
bodná	poranění, ostatní

VÝBUCHY výbušniny,	vojáci
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Tupá- kontaktní
• Kontaktní síly kontuze,	epidurální hematom,	

fraktury lebky
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Brain Trauma Biomechanics Leading to
Axonal Injury

Daily activities induce a substantial stretch or deforma-
tion of axons (e.g., bending of the neck or shaking the
head), without grave consequences. How, then, are ax-
ons damaged by deformations caused by head motions
during trauma? Clearly, there are unique circumstances
of brain trauma that convert the normally resilient axon
into a brittle structure that cannot accommodate defor-
mation. The following is a simplified account of brain
injury biomechanics that lead to axonal damage. In ad-
dition, we will attempt to dispel some potential miscon-
ceptions on the mechanistic basis for DAI.

Despite the unflattering analogy, the human brain is
commonly compared to a large block of gelatin due to
its viscoelastic tissue properties (16). With their unique

inherent physical properties, viscoelastic materials
behave in dramatically different ways when exposed to
varying mechanical conditions. For example, normal
rotational movements of the head will cause the brain to
“slosh” around in the closed skull, creating strains or
forces between brain regions (17). Nonetheless, with
these slowly applied forces, the brain tissue is compliant
and ductile and easily recovers its original geometry
unaltered and uninjured. In contrast, under severe cir-
cumstances when the same forces are rapidly applied,
such as during an automobile crash, the brain tissue will
appear far stiffer, demonstrated by physical and com-
puter models (18, 19) (Fig. 4). As a result, there is fail-
ure of structural elements on a microscopic scale and
even macroscopic tearing in regions of high strain in
severe injury. To illustrate this effect at the level of an
individual axon, consider the viscoelastic children’s toy,

Fig. 1. An idealized representation demonstrating focal brain injury resulting from a contact force. A subdural hematoma is formed due
to focal vascular disruption.
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Tupá- translační
• Translační inerciální síly kontuze,	intracerebrální	

hematom
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Silly Putty. This material can be shaped like a long cyl-
inder, which when slowly pulled at each end will easily
accommodate the stretch. However, the Silly Putty cyl-
inder will fail when rapidly pulled apart, breaking in
two. Similarly, rapid uniaxial stretch or “tensile

elongation” of axons is thought to result in damage of
the axonal cytoskeleton and, in extreme cases, immedi-
ate disconnection referred to as “primary axotomy”
(80). These viscoelastic effects of rapid deformation
prompt a classification of dynamic injuries, where the
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Fig. 2. An idealized representation demonstrating diffuse brain injury resulting from an inertial force. Rapid rotational acceleration/de-
celeration of the head in the coronal plane (yellow arrow) results in the deformation of the entire brain. The falx membrane along the
sagittal midline acts as a barrier to lateral brain motion (blue arrow), creating high strain between the hemispheres. This overall me-
chanical deformation results in diffuse axonal injury with prominent axonal pathology in midline structures.

A B
Fig. 3. Photomicrographs demonstrating two major forms of traumatic axonal pathology revealed by immunoreactivity of accumulating
neurofilament protein. A, Elongated varicose swellings of damaged axons are shown with swollen regions encompassing several hun-
dred micrometers but no clearly identifiable region of disconnection. B, Axonal bulbs are shown, demonstrating the characteristic dis-
crete region of swelling at the terminal stump of disconnected axons. Remarkably, these axonal bulbs are preceded by axonal shafts of
relatively normal diameters (bar = 50µm).
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Fig. 4. An overview of biomechanical tools used to study deformation patterns in the brain during inertial loading that lead to diffuse
axonal injury. A, A physical model using the skull of a pig is filled with a silicone gel that simulates the properties of brain tissue. Once
accelerated from rest, the original rectangular grid pattern embedded within the gel (left) distorts severely (right) in response to the
acceleration. B, Computer-based models (left), developed from results of the physical modeling tests, can more accurately represent
the gray matter (green) and white matter (pink) of the brain, as well as the enveloping cerebrospinal fluid (blue) and encasing skull
(cyan). Using accelerations known to produce injury in animals, these models predict the distribution of shear stress (right: red = high
shear stress, blue = low shear stress) throughout the brain. C, The motions, when transferred to the in vivo brain, suggest that the
brain distorts within the skull during the inertial loading. D, Inertial brain injury in the pig results in a distribution of axonal pathology
throughout the white matter shown in the schematic illustration (red = most severe axonal pathology, blue = moderate axonal pathol-
ogy, yellow = mild axonal pathology). Comparison of the results between the computer model and animal model demonstrate that
there is rough agreement between the distribution and severity of axonal pathology.
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in the context of American football, boxing and ice 
hockey,34,36 but its existence has been questioned. One 
hypothesis is that second-impact syndrome is primary 
DCS in response to trauma without a pre-existing 
injury.36,37 Although rare, DCS remains a major concern 
in the management of acute concussion in young 
at hletes, owing to the high mortality rate associated with 
this syndrome.

According to McCrory and Berkovic,38 the following 
clinical criteria must be fulfilled for a definitive diagno-
sis of second-impact syndrome: medical review after 
a witnessed first impact; documentation of ongoing 
symptoms following the first impact up to the time of 
second impact; witnessed second head impact with sub-
sequent rapid cerebral deterioration; and neuropatho-
logical or neuroimaging evidence of cerebral swelling 
without marked intracranial haematoma or other cause 
of oedema.

Chronic traumatic brain injury
Chronic TBI encompasses a spectrum of disorders that 
are associated with long-term consequences of brain 
injury. The prototype of chronic TBI is CTE—a syn-
drome that results from long-term neurological damage 
following repetitive mild TBIs. Dementia pugilistica is  
the boxing manifestation of CTE, but this diagnosis  
is typically reserved for cases in which severe dementia 
develops following a long boxing career. Post-traumatic 
parkinsonism describes a parkinsonian syndrome that 
occurs secondary to TBI. This form of chronic TBI 
includes puglistic parkinsonism—a subtype of demen-
tia pugulistica in which rigidity and tremor predomi-
nate, and which can be identified pathologically by the 
abundance of neurofibrillary tangles in the absence of 
Lewy bodies.39 Whereas CPCS is the diagnosis given 
to at hletes in whom postconcussive symptoms do not 
seem to resolve, a diagnosis of post-traumatic demen-
tia is applied to cases that meet the clinical criteria for 
dementia after a single moderate or severe TBI. Post-
traumatic dementia differs from CTE in that the brain 
injury is not repetitive but results from a single trauma 
that is more severe than a concussion.

Evidence suggests that participation in contact sports 
can increase an individual’s risk of neurodegenerative 
disorders such as mild cognitive impairment, Alzheimer 
disease (AD), motor neuron disease (MND) or Parkin-
son disease. This association represents an additional 
public health concern to the issue of sport-related CTE. 
A survey of retired professional American football 
players showed an association between recurrent con-
cussion, clinically diagnosed mild cognitive impairment 
and self-reported memory problems.40 Another survey 
in a similar population of retired athletes revealed a sig-
nificant, direct association between rate of self-reported 
concussion and complaints of memory changes, confu-
sion, speech difficulties, problems remembering short 
lists, and difficulty recalling recent events.41 In addition, 
those with a history of self-reported concussion exhib-
ited a high frequency of headache, paraesthesias and 
vestibular problems that were reminiscent of a CPCS. 

Higher AD-associated and MND-associated mortality 
rates were reported in retired professional American 
football players than in the general US population.

In contrast to the above results, however, two studies 
failed to identify an increased risk of neuro degeneration 
among participants of contact–collision sports. Com-
parison of a cohort of low-exposure (that is, high-
school level) American football players to nonplaying 
indivi duals found no difference in the risk of demen-
tia, Parkinson disease or MND.42 In a case–control 
study of indivi duals with AD, no association was found 
between risk of disease and participation in contact 
sports,43 although this study was limited by a small 
sample size. Further investigation is warranted to under-
stand the patho physiology of chronic TBI and risk of 
n eurodegeneration secondary to repetitive brain trauma.

Chronic traumatic encephalopathy
CTE is the long-term neurological consequence of repeti-
tive mild TBI. The exact frequency of CTE in modern 
day sports is unknown but, in 1969, a landmark study of 
retired boxers from the UK reported a CTE prevalence 
of 17%.44 In boxing, longer duration of exposure to sport 
(measured as the number of bouts), older age at retire-
ment from boxing, and longer length of boxing career, 
are important variables that can increase an individual’s 
risk of developing CTE.44

In a subset of American football players with autopsy-
confirmed CTE, a positive correlation was noted between 
the severity of CTE, exposure to sport, years since retire-
ment, and age at death.45 Family-reported number of 
concussions, years of education, lifetime steroid use 

Figure 1 | Mechanisms of brain acceleration–deceleration secondary to 
biomechanical forces transmitted to the brain. a | Linear (translational) acceleration. 
b | Rotational (angular) acceleration. c | Impact deceleration. d | Impact deceleration 
secondary to the head striking an opposing player’s body. Permission obtained from 
Innovative CEUs, LLC ©.
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• Rotačně působící inerciální síly difusní axonální	
poranění,	subdurální hematom
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Penetrující	poranění

- Nízkorychlostní poranění	podél	trajektorie	penetrace
- Vysokorychlostní	(>600m/s)									rozsháhlá devastace	

mozku,	kavitace,	rázová	vlna

Weerakkody&Stanislavsky,	Radiopaedia
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QIFOPNFOPO, XIJDI FYDFFET UIF DBQBDJUZ PG UIF TPGU UJTTVF 
UP ZJFME UP UIF QSFTTVSFDIBOHFT DSFBUFE CZ UIF QFOFUSBUJOH 
NJTTJMF. BFDBVTF PG UIJT JOFSUJB, UJTTVF EJTQMBDFNFOU MBHT 
CFIJOE UIF CVMMFU, BOE UIF SFTVMUBOU EFGPSNJUZ, LOPXO BT 
UIF UFNQPSBSZ DBWJUZ, SFBDIFT NBYJNVN TJ[F XJUIJO TFWFSBM 
NJMMJTFDPOET BGUFS JUT QBTTBHF [3,4,34,45]. SVCTFRVFOUMZ, UIF 
FOFSHZ TUPSFE JO BOZ EJTQMBDFE UJTTVF XJUI FOPVHI FMBTUJDJUZ 
DBVTF UIF DBWJUZ XBMMT UP DPMMBQTF, XJUI B GFX DZDMFT PG 
FYQBOTJPO BOE DPOUSBDUJPO (“QVMTBUJPOT”) GPMMPXJOH JO 
B XBOJOH GBTIJPO, VOUJM UJTTVF TFUUMFT JO UIF GPSN PG UIF 
SFTJEVBM XPVOE USBDL. TIJT TIPSU-MJWFE DIBSBDUFS PG UIF 
DBWJUZ JT FNQIBTJ[FE CZ UIF OBNF “UFNQPSBSZ”[16,40].

FigVre 4. IEFBMJ[FE ESBXJOH PG UFNQPSBSZ DBWJUZ GPSNBUJPO (EPUUFE 
MJOF) CZ NJMJUBSZ SJGMF CVMMFU. TIF DBWJUZ FYQBOET JO TQJOEMF-TIBQFE 
GBTIJPO BT UIF CVMMFU ZBXT BOE UVNCMFT, BGUFS UIF JOJUJBM OBSSPX 
DIBOOFM. TIF SFTJEVBM XPVOE USBDL (QFSNBOFOU “DBWJUZ”) BQQFBST JO 
TPMJE MJOF.ASSPX JOEJDBUFT EJSFDUJPO PG CVMMFU NPWFNFOU.

PFSNBOFOU"DBWJUZ"

TFNQPSBSZ DBWJUZNBSSPX DIBOOFM

  TIF NBHOJUVEF PG UIF DBWJUBUJPO QIFOPNFOPO JT SFMBUFE 
UP UIF SBUF PG FOFSHZ EFQPTJUJPO. TIF TUVEZ PG NJMJUBSZ 
SJGMF CVMMFUT JO TZOUIFUJD NBUFSJBMT TJNVMBUJOH NVTDMF 
UJTTVF TVHHFTUT UIBU BT MPOH BT UIF CVMMFU NPWFT XJUIJO UIF 
UBSHFU XJUIPVU TJHOJGJDBOU ZBXJOH, UIVT TVTUBJOJOH MJUUMF 
SFUBSEBUJPO, UIF XPVOE USBDL SFNBJOT “OBSSPX”, B MJUUMF 
XJEFS UIBO UIF CVMMFU EJBNFUFS [16]. AMUIPVHI UIJT TP-
DBMMFE OBSSPX DIBOOFM BMTP JOWPMWFT B NJOPS UFNQPSBSZ 
DBWJUBUJPOBM FGGFDU [46], BO FYQBOEJOH TQJOEMF-TIBQFE DBWJUZ 
CFDPNFT FWJEFOUBT UIF ZBX BOHMF JODSFBTFT JSSFWFSTJCMZ, 
BOE CFDPNFT NBYJNVN JO DSPTT TFDUJPO XIFO UIF CVMMFU 
ZBXT BU 90 EFHSFFT DBVTJOH XJEF TFQBSBUJPO PG UJTTVF 
“GMPX” (FJHVSF 4), DPOTJTUFOU XJUI B ESBNBUJD JODSFBTF JO 
FOFSHZ USBOTGFS. FMJ IBOEHVO CVMMFUT NBZ BMTP ZBX XJUIJO 
UJTTVF CVU EP OPU FMJDJU TJHOJGJDBOU DBWJUBUJPO CFDBVTF UIFTF 
CVMMFUT BSF TIPSUFS UIBO SJGMF CVMMFUT BOE UIFJS QSFTFOUFE 
BSFB JODSFBTFT POMZ OFHMJHJCMZ XJUI ZBXJOH [16]. OO UIF 
PUIFS IBOE, EFGPSNJOH IBOEHVO CVMMFUT EFQFOEJOH PO UIFJS 
WFMPDJUZ HJWF SJTF UPSFMBUJWFMZ MBSHF UFNQPSBSZ DBWJUJFT [9,47].  
  TIF EBNBHF QSPEVDFE CZ DBWJUBUJPO SFTVMUT GSPN 

TUSFUDIJOH EVF UP UFOTJMF TUSBJO, CVU BMTP GSPN DPNQSFTTJPO 
PG UIF TVSSPVOEJOH UJTTVF BT XFMM BT TIFBSJOH PG GBTDJBM 
JOUFSGBDFT XJUIJO JU [3,40]. AMUIPVHI DPOUSPWFSTZ TUJMM FYJTUT 
SFHBSEJOH UIF SFMBUJWF JNQPSUBODF PG UIFTF FGGFDUT BOE UIF 
FYUFOU PG UIF SFTVMUBOU OFDSPTJT JO NVTDMF UJTTVF [4,7,34,35,48], 
DBWJUBUJPO JT DMFBSMZ EFWBTUBUJOH JO TVTDFQUJCMF PSHBOT TVDI 
BT UIF CSBJO BOE MJWFS [4,7]. IO UIF FYUSB WBTBUJPO [POF UJTTVF 
JOKVSZ SFTVMUT GSPN UFBSJOH PG UIF FMFNFOUT NPTU TFOTJUJWF 
UP UFOTJMF GPSDFT, OBNFMZ UIF DBQJMMBSJFT [4,16], BOE UIFSF JT B 
EJSFDU SFMBUJPOTIJQ CFUXFFO UIF TJ[F PG UIF UFNQPSBSZ DBWJUZ 
BOE UIF XJEUI PG UIF FYUSBWBTBUJPO [POF [16].MPSFPWFS, UIF 
WBDVVN DSFBUFE EVSJOH UIF FYQBOTJPO PG UIF DBWJUZ DBVTFT 
TVDUJPO PG GPSFJHO NBUFSJBM BOE EFCSJT JOUP UIF XPVOE [49],PO 
UPQ PG UIF DPOUBNJOBUJPO BMSFBEZ QSFTFOU GSPN UIF CVMMFU 
TVSGBDF, XIJDI JT OPU TUFSJMJ[FE GSPN IFBUJOH BT DPNNPOMZ 
CFMJFWFE[13,26].TIF DMJOJDBM QJDUVSF PG B XPVOE DIBOOFM 
XIJDI JT CPSEFSFE CZ DPOUVTFE BOE QPUFOUJBMMZ OFDSPTJOH 
UJTTVF JOPDVMBUFE XJUI CBDUFSJB SFQSFTFOUT UIF IBMMNBSL 
PG IJHI-FOFSHZ HVOTIPU JOKVSZ [25,37,50].TIF FYUFSOBM 
BQQFBSBODF PG TVDI B XPVOE NBZ CF EFDFQUJWF XJUI SFTQFDU 
UP UIF EBNBHF QSPEVDFE EFFQ JO UIF UJTTVFT. AT QSFWJPVTMZ 
NFOUJPOFE, IPXFWFS, B NJMJUBSZ SJGMF CVMMFU NBZ JOEVDF B 
MPX-FOFSHZ XPVOE JO DBTF PGB QFSGPSBUJOH XPVOE USBDL OP 
MPOHFS UIBO UIF OBSSPX DIBOOFM TJNVMBUFE GPS UIBU UZQF PG 
CVMMFU [46].

4.3. Bone injVSieT

  BBMMJTUJD CPOF JOKVSZ JT B NPSF DPNQMFY QSPDFTT UIBO 
QFOFUSBUJPO PG TPGU UJTTVF [51]. IO HFOFSBM, CPOF UJTTVF DBVTFT 
NBSLFE SFUBSEBUJPO PG UIF QFOFUSBUJOH CVMMFU [4,15,18], BT 
FYQFDUFE CZ JUT HSFBUFS EFOTJUZ DPNQBSFE UP TPGU UJTTVF BOE 
JUT SFMBUFE NFDIBOJDBM QSPQFSUJFT, QBSUJDVMBSMZ JUT IBSEOFTT 

[52,53], XIJDI NBZ BMTP DBVTF UIF CVMMFU UP EFGPSN PS CSFBL 
VQ [18,54]. 
DSJMM-IPMF EFGFDUT, XIJDI BSF DIBSBDUFSJTUJD PG MPX-FOFSHZ 
CBMMJTUJD QFOFUSBUJPO, BSF NPSF DPNNPO JO UIF NFUBQIZTFBM 
SFHJPO PG MPOH CPOFT CFDBVTF PG UIF HSFBUFS QSPQPSUJPO 
PG DBODFMMPVT CPOF BOE UIF BTTPDJBUFE FOFSHZ BCTPSQUJWF 
DBQBDJUZ XIJDI MJNJUT UIF FYUFOTJPO PG GSBDUVSF MJOFT 
[55,56]. HJHI-FOFSHZ CBMMJTUJD JNQBDUT UZQJDBMMZ QSPEVDF 
DPNNJOVUFE GSBDUVSFT[56,57]GSPN UIF FYQMPTJWF FGGFDUT 
PG DBWJUBUJPO BTTPDJBUFEXJUIUIF GMVJE QSPQFSUJFT PG CPOF 
NBSSPX [3,16,52].BPOF DPNNJOVUJPO JT OPU VODPNNPOXJUI 

Stefanopoulos et	al.,2014
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personnel had a TBI, of the 1·64 million deployed to Iraq 
and Afghanistan in 2001–08. However, this fi nding is 
probably an overestimate owing to self-reporting of 
concussion, and fewer cases of TBI have been identifi ed 
by the US Armed Forces Health Surveillance Center.10

There are several causes of TBI in soldiers, of which 
blast injury is just one.11 TBI is also common in survivors 
of terrorist bombings.12,13 An examination14 of registry 
data for combat trauma in 115 military personnel with 
TBI showed that improvised explosive devices were the 
most common cause of TBI overall (52%), in personnel 
wounded in action (63%), and in personnel killed in 
action or who died of their wounds (53%). A cross-
sectional survey14 showed that the prevalence of mild TBI 
in military personnel varies widely, from 4·2% to 23%, 
with higher prevalence in US forces than in UK forces. 
These statistics might be aff ected by diff erences in TBI 
awareness, the criteria for diagnosis of mild TBI, and 
vigilance in recording of data. The length of deployment 
is also an important determinant of the prevalence of 
TBI, but does not fully explain the diff erences between 
US and UK forces.15 In a cross-sectional study, Rona and 
colleagues16 reported a prevalence of mild TBI in UK 
soldiers deployed to Iraq or Afghanistan of 4·4% overall, 
and a prevalence of 9·5% in soldiers with a combat role. 
Routine screening for mild TBI in military personnel 
returning from a combat deployment is valuable to 
identify individuals who might otherwise have been 
missed.11 A prospective observational study by Drake and 
colleagues11 of 7909 US marines returning from combat 
reported that 9% had a positive screen for mild TBI.

The prevalence of mental health problems in US 
soldiers returning from Iraq and Afghanistan was 
reported to be 19% and 11%, respectively, in a retrospective 
observational study by Hoge and colleagues.17 Kontos and 
colleagues18 examined the medical records of 
22 203 personnel from US Army Special Operations 
Command who completed assessments for cognitive 
impairment, post-concussive syndrome, and PTSD 
symptoms. 2813 (12·7%) had at least one mild TBI, and 
1476 (6·6%) reported clinical symptoms of PTSD. 410 
(14·6%) of personnel with mild TBI also reported PTSD 
symptoms. The investigators concluded that residual 
PTSD and mild TBI symptoms were more prevalent in 
personnel whose mild TBI was caused by a bomb blast. 
There was a dose-response gradient for exposure to bomb 
blast for residual mild TBI and PTSD symptoms, 
suggesting that repeated exposures to these injuries could 
have lasting eff ects.18 A cross-sectional survey of UK 
military personnel who had been deployed to Iraq or 
Afghanistan in 2003–09 showed a prevalence of 4% for 
probable PTSD, 20% for common mental disorders, and 
13% for alcohol misuse.19 However, the Australian 
Defence Force Mental Health Prevalence and Wellbeing 
Study,20 which used a survey and follow-up telephone 
interview, reported very little overall diff erence in the 
prevalence of mental health disorders in military 

personnel who had been deployed, compared with those 
who had never been deployed.

Experimental pathology
The mechanisms of blast-related TBI are complex and 
multifactorial, with local and systemic eff ects of primary, 
secondary, tertiary, and quaternary blast injury, and 
diff erent portals for blast wave transmission to the brain 
(fi gure 1). Furthermore, the biological basis of neuro-
psychiatric sequelae continues to be elucidated.21,22 Animal 
experiments may provide valuable insights into human 
pathology and help with the development of new 
therapies for blast-related TBI. Porcine models of blast-
related TBI have been developed,1,23 and the physics of 
blast waves has been characterised in vitro and in vivo.1 
The lead shock wave is followed by supersonic fl ow or 
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 Figure 1: Schematic diagram of the mechanisms of blast-related traumatic brain injury
Figure shows local eff ects (1–7) and systemic eff ects (8, 9) of primary blast injury, secondary blast injury (10–12), 
tertiary blast injury (13), quaternary blast injury (14), and portals for blast wave transmission to the brain (15, 16). 
(1) Acoustic impedance mismatch causes spallation. (2) Shock–bubble interaction. (3) Shear stress causing diff use 
axonal injury. (4) Cavitation. (5) Skull deformation with elastic rebound. (6) Refl ection of the blast wave within the 
skull. (7) Bobblehead eff ect of acceleration–deceleration. (8) Blood surge from the torso damages the 
microvasculature. (9) Air embolism from blast lung injury.(10) Penetrating fragments. (11) Compound fractured 
skull. (12) Intracerebral haemorrhage. (13) Contrecoup contusion. (14) Burns. (15) Blast wave transmitted through 
the orbits. (16) Blast wave transmitted through the nasal sinuses.

Výbuchy

- rázová	(tlaková)	vlna
- akcelerace/decelerace hlavy
- letící	předměty
- možné	všechny	typy	poranění,	nejčastěji	je	difusní

Rosendfeld,	et	al.,	2013,	Lancet
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Ložisková	poranění	mozku

Ø PRIMÁRNĚ	FOKÁLNÍ	PŘÍZNAKY
• paréza
• fatická porucha
• okohybná porucha
• porucha hlavových nervů
• behaviorální příznaky

Ø SEKUNDÁRNĚ	PORUCHA	VĚDOMÍ
• při nitrolební hypertenzi
• kompresi kmene
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Epidurální hematom (EDH)
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Epiduralní hematom (EDH)
• zdroj:	arteria	meningea	media,	v	15	%	durální	sinus
• postihuje	spíše	
• mladší	dospělí (dura	neadheruje	ke	kosti)
• CT	mozku: hyperdenzní extracerebrální kolekce	
čočkovitého	tvaru

• klinika: kontra(ipsi)lateralní	hemiparéza	– porucha	
vědomí	– ipsilateralní	mydriáza

• „lucidní	interval“	jen	<30%
• mortalita	(léčeného	pacienta): 12	%
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Akutní subduralní hematom (SDH)	

MUDr.	S.	Raev,	NNH
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Akutní subduralní hematom (SDH)	
• zdroj: přemosťující	žíly,	kortikální	cévy
• často	spojen	s	dalším	postižením	mozku jako	
kontuze,	lacerace,	difusní	axonální	poranění

• CT	mozku:	hyperdenzní lem	extracerebrálně
srpkovitého	tvaru

• klinika: kontra(ipsi)lateralní	hemiparéza	– porucha	
vědomí	– ipsilateralní	mydriáza

• izolovaný	ASDH	<10	mm	může	být	i	klinicky	
asymptomatický

• mortalita 50-90	%,	u	starších	pacientů	na	
antikoagulaci	90-100	%
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Chronický subdurální hematom

MUDr.	S.	Raev,	NNH
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• rizikové	faktory:mozková	atrofie	(	věk	nad	>60	let,	
abusus	alkoholu),	pády,	koagulopatie	

• zdroj: drobné	zakrvácení	z	přemosťující	žíly	do	
subdurálního	prostoru	- indukce	zánětlivé	reakce	
– 1)	vznik	granuláční tkáně	s	novotvorbou	kapilár	bez	souvislé	

endoteliální	výstelky,	
– 2)	aktivace	a	pronikání	fibroblastů	do	koagula	a	jeho	zkapalnění	

fibrinolytickým	působením,	vazivové	membrány	
– 4)	zvětšování	hematomu- opakovaným	krvácení	

z novotvořených	kapilár
• projeví	se	za	>3	týdny od	úrazu
• trauma	v anamnéze	<50	%
• CT	mozku: hypodenzní lem	extracerebrálně většinou	

srpkovitého	tvaru
• klinika	nespecifická: bolesti	hlavy,	zmatenost,	

hemiparéza,	epileptický	záchvat
• mortalita 0.5	%
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Kontuze a	krvácení
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Kontuze a	intracerebrální krvácení
• přímé	zhmoždění	mozkového	parenchymu
• fronto- a	temporo-polární	oblasti
• přímý	(coup injury)	a	protilehlý	náraz	(contre-coup)
• zvětšení	během	24h,	nárůst	otoku	
• opožděné	prokrvácení 25%
• příznaky:	

– fokální	příznaky	
– při	nitrolební	hypertenzi	porucha	vědomí

• prognóza	malé	kontuze	velice	dobrá
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Difusní	poranění	mozku
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Příznaky:	komplexní,	méně	topicky	vyhraněná	
symptomatika:
Ø v	lehčích	případech	

• somatické/motorické/sensorické
• vegetativní
• kognitivní
• emoční
• behaviorální
• poruchy	spánku

Ø v	těžších	případech
• protrahovaná	porucha	vědomí

Obecná	klinická	charakteristika



Neurologická	klinika	a	Centrum	klinických	neurověd
Universita	Karlova	v	Praze,	1.	lékařská	fakulta	a	Všeobecná	fakultní	nemocnice	v	Praze

Lehká	difusní	poranění/mTBI/komoce
Somatické/motoriké/
senzorické/vegetativní Kognitivní/spánkové Neuoropsychiatrické

bolesti	hlavy dezorientace apatie
nauzea poruchy	pozornosti únava
fonofobie anterográdní	amnézie úzkostnost
fotofobie retrográdní	amnézie poruchy	nálady
rozmazané	vidění zpomalení	PM	tempa iritabilita
epileptický	záchvat hypersomnie/insomnie impulzivita
zvracení agresivita
dysartrie agitace
ataxie
poruchy	stoje	a	chůze
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Příznaky:	komplexní,	méně	topicky	vyhraněná	
symptomatika:
Ø v	lehčích	případech	

• somatické/motorické/sensorické
• vegetativní
• kognitivní
• emoční
• behaviorální
• poruchy	spánku

Ø v	těžších	případech
• protrahovaná	porucha	vědomí

Obecná	klinická	charakteristika
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Příznaky:	komplexní,	méně	topicky	vyhraněná	
symptomatika:
Ø v	lehčích	případech	

• somatické/motorické/sensorické
• vegetativní
• kognitivní
• emoční
• behaviorální
• poruchy	spánku

Ø v	těžších	případech
• protrahovaná	porucha	vědomí

Obecná	klinická	charakteristika
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Difúzní	axonální poranění
• součástí	těžkých	poranění	mozku
• axonotomie se	rozvíjí	postupně	během	dnů	
(sekundární	mechanismy)

• hlavní	příčina	trvajícího	postižení	po	traumatu
• příznaky:	iniciálně	různě	protrahovaná	těžká	porucha	
vědomí

• prognóza:	
– vegetativní	stav	nebo	
– těžké	kognitivní
– motorické	
– behaviorální	a	emoční	postižení
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performed to optimize the spatial and angular resolution of
ARAS connectivity data by minimizing the distance between
the MRI receiver coil and tissue of interest.

Previous studies of animal and human brain specimens
have demonstrated that postmortem fixation does not preclude
measurement of anisotropic water diffusion or fiber tract re-
construction (33, 34). Quantitative measurements of diffusion
anisotropy may be partially dependent on the type of fixative
(35), the time interval from death to tissue fixation (34, 36, 37),
and the time interval from death to image acquisition, but
these factors do not seem to alter tractography reconstructions
of white matter pathways when the postmortem fixation in-
terval is less than 69 hours and the interval from death to post-
mortem imaging is less than 40 months (34). All specimens
were fixed in 10% formaldehyde within 48 hours of death
(48 hours for the TBI patient, 24 hours for control A, and
16 hours for control B) and scanned within 9 months of death.

At the time of scanning, the control B brain specimen was
transferred from a 10% formaldehyde solution to a Fomblin
solution (perfluoropolyether; Ausimont USA, Inc., Thorofare,
NJ) to reduce magnetic susceptibility artifact (38). The TBI
patient’s whole brain specimen was scanned in 10% formal-
dehyde because a preliminary diffusion-weighted scan per-
formed with the specimen in 10% formaldehyde demonstrated
excellent signal-to-noise properties within the brain paren-
chyma and absence of susceptibility artifact. The dissected
specimens of the TBI patient’s brain and the control A brain
were each scanned in Fomblin because of the potential for in-
creased susceptibility artifact caused by formaldehyde at high
field strength (4.7 Tesla).

Whole-Brain Imaging
The whole-brain specimens of the TBI patient and control

B were scanned on a 3-Tesla TimTrio MRI scanner (Siemens
Medical Solutions, Erlangen, Germany) using a 32-channel
head coil. Diffusion data were acquired using a 3-dimensional
diffusion-weighted steady-state free-precession sequence (33)
that used 44 diffusion-weighted measurements at a spatial res-
olution (voxel size) of 1.0! 1.0 ! 1.0 mm. Total scan time for

each whole-brain diffusion scan was 5 hours 35 minutes. Ad-
ditional diffusion sequence parameters have been previously
reported (26).

Dissected Brain Specimen Imaging
Both dissected specimens (TBI patient and control A)

were scanned on a small-bore 4.7-Tesla Bruker Biospec MRI
scanner with a diffusion-weighted spin-echo echo-planar im-
aging sequence that used 60 diffusion-weighted measure-
ments at b = 4057 s/mm2. The spatial resolution was 609 Hm !
734 Hm! 640 Hm for the TBI patient and 562 Hm! 609 Hm!
641 Hm for control A. Total image acquisition time for each
dissected specimen was 130 minutes. Additional diffusion se-
quence parameters have been previously reported (26).

HARDI Data Analysis
High angular resolution diffusion imaging data were

processed for tract construction using Diffusion Toolkit version
6.2 and analyzed for connectivity using TrackVis version 5.2.1
(Wang and Wedeen, www.trackvis.org). Ascending reticular
activating system fiber tracts were analyzed using regions of
interest (ROIs), the neuroanatomic boundaries of which were
determined by correlative analyses of the histologic and ra-
diologic data, as well as by confirmation with neuroanatomic
atlases (39, 40). For each ARAS connectivity analysis, nonrel-
evant anatomic pathways were eliminated by tracing non-
ARAS brainstem nuclei and using a tract subtraction algorithm,
as previously described (26). Subcortical connectivity of the
ARAS network in coma and control specimens was visually
displayed using an adaptation of the connectogram technique
(41), in which the diencephalic nodes of the ARAS network
were placed at the center of the connectogram and the brain-
stem nuclei along its borders. For the thalamocortical and basal
forebrain-to-cortex connectivity analysis, thalamic and basal
forebrain ROIs were manually traced and nonrelevant fiber
tracts were eliminated by subtracting all thalamic and basal
forebrain fiber tracts that connected with the brainstem. Spu-
rious tracts that passed between the thalamus and the corpus
callosum were also eliminated. Fiber tracts in the awareness

FIGURE 1. Head computed tomography scan of the patient with traumatic brain injury obtained 4 hours after admission. Axial (A),
coronal (B), and sagittal (C) images demonstrate focal hyperdense lesions in the right dorsal midbrain and left cingulum.
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ORIGINAL ARTICLE

Disconnection of the Ascending Arousal
System in Traumatic Coma

Brian L. Edlow, MD, Robin L. Haynes, PhD, Emi Takahashi, PhD, Joshua P. Klein, MD, PhD,
Peter Cummings, MD, Thomas Benner, PhD, David M. Greer, MD, MA, Steven M. Greenberg, MD, PhD,

Ona Wu, PhD, Hannah C. Kinney, MD, and Rebecca D. Folkerth, MD

Abstract
Traumatic coma is associated with disruption of axonal pathways

throughout the brain, but the specific pathways involved in humans
are incompletely understood. In this study, we used high angular
resolution diffusion imaging to map the connectivity of axonal path-
ways that mediate the 2 critical components of consciousnessVarousal
and awarenessVin the postmortem brain of a 62-year-old woman
with acute traumatic coma and in 2 control brains. High angular
resolution diffusion imaging tractography guided tissue sampling
in the neuropathologic analysis. High angular resolution diffusion
imaging tractography demonstrated complete disruption of white
matter pathways connecting brainstem arousal nuclei to the basal
forebrain and thalamic intralaminar and reticular nuclei. In contrast,
hemispheric arousal pathways connecting the thalamus and basal
forebrain to the cerebral cortex were only partially disrupted, as

were the cortical ‘‘awareness pathways.’’ Neuropathologic ex-
amination, which used A-amyloid precursor protein and fractin
immunomarkers, revealed axonal injury in the white matter of the
brainstem and cerebral hemispheres that corresponded to sites of
high angular resolution diffusion imaging tract disruption. Axonal
injury was also present within the gray matter of the hypothala-
mus, thalamus, basal forebrain, and cerebral cortex. We propose
that traumatic coma may be a subcortical disconnection syndrome
related to the disconnection of specific brainstem arousal nuclei
from the thalamus and basal forebrain.

Key Words: ARAS, Ascending reticular activating system, Coma,
Consciousness, HARDI, High angular resolution diffusion imaging,
TAI, TBI, Tractography, Traumatic axonal injury, Traumatic brain
injury.

INTRODUCTION
Traumatic coma affects more than 1 million people

worldwide each year and leads to untimely mortality or in-
capacitating morbidity (1Y3). In addition, military personnel
currently survive traumatic coma at a higher rate than in past
wars because of improvements in body armor and access to
life-saving therapies (4). Some civilians and veterans remain
in a state of altered consciousness, such as a vegetative (5) or
minimally conscious state (6), for months to years after emer-
gence from coma (7, 8). Yet, recovery of significant neurol-
ogic function is possible in both civilian (9, 10) and military (4)
patients, even in some cases after a prolonged vegetative (11)
or minimally conscious state (12). It is therefore critically im-
portant that new tools are developed to elucidate the neuro-
anatomic basis of traumatic coma and to help determine the
potential for recovery of consciousness.

The primary cause of traumatic coma is axonal injury
in the white matter caused by shear-strain forces that disrupt
axonal integrity and, in the most severe instances, completely
sever axons (13Y15). This white matter injury typically in-
volves the cerebral hemispheres, corpus callosum, fornix, in-
ternal capsules, cerebellar peduncles, and rostral brainstem
(13, 14, 16). Because the axonal injury is widespread, it remains
unknown which specific neuroanatomic pathways are critical
to the pathogenesis of coma. Historically, clinical and histo-
pathologic studies of traumatic coma in nonhuman primates,
and humans have emphasized that the coma is caused by the
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CT	nález u	difusního axonálního poranění
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Poranění	lebky



Neurologická	klinika	a	Centrum	klinických	neurověd
Universita	Karlova	v	Praze,	1.	lékařská	fakulta	a	Všeobecná	fakultní	nemocnice	v	Praze

Fraktury kalvy

• Lineární
– bez	vpáčení	úlomků
– konzervativní	terapie

• Impresivní
– s	vpáčením	úlomků
– riziko	poškození	tvrdé	pleny
– 85%	jsou	otevřené	– infekce,	likvorea
– nitrolební	poranění
– operační	řešení
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Zlomeniny lebky
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Fraktury spodiny lebeční

• poranění MN!	(I.,II.,III,IV,VI.,VII, VIII)	
• brýlový hematom, hemotympanum,  rinorea, otorea, 

pnemocephalus
• frontobazální, temporobazální



Neurologická	klinika	a	Centrum	klinických	neurověd
Universita	Karlova	v	Praze,	1.	lékařská	fakulta	a	Všeobecná	fakultní	nemocnice	v	Praze

PRIMÁRNÍ	PORANĚNÍ vzniká	v okamžiku	úrazu

SEKUNDÁRNÍ	
PORANĚNÍ

Intrakraniální

vazogenní	a	cytotoxický	edém,	progrese	a	tlak	
hematomů,	nitrolební	hypertenze,	herniace	a	
hypoperfuze	mozkové	tkáně,	neuroinfekce,	
hydrocefalus

Systémové
hypoxie,	hypotenze,	hyperkapnie,	hypertermie,	
hyper	nebo	hypoglykémie,	systémové	infekce,	
sepse
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(intracerebral and extracerebral), and diff use swelling 
(fi gure 1). At the cellular level, early neurotrauma events 
(which can occur minutes to hours after initial injury) 
include microporation of membranes, leaky ion 
channels, and stearic conformational changes in 
proteins. At higher shear rates, blood vessels can be 
torn, causing (micro)haemorrhages. 

DAI is characterised by multiple small lesions in 
white-matter tracts. Patients with DAI are usually in 
profound coma as a result of the injury, do not manifest 
high ICP, and often have a poor outcome. Focal cerebral 
contusions are the most common traumatic lesion, are 
more frequent in older patients, and usually arise from 
contact impact. Traumatic intracranial haematomas 
occur in 25–35% of patients with severe TBI and in 
5–10% of moderate injuries.

In static crush injuries and focal blows, much of the 
energy is absorbed by the skull; thus, brain damage 
might remain superfi cial, often with a depressed skull 
fracture. Blast injuries have been identifi ed as a novel 
entity within TBI.30,31 The pathological mechanism is 
much less understood, but the injuries are characterised 
by severe early brain swelling, subarachnoid 
haemorrhage, and often prominent vasospasm.32,33 
Outcome of severe blast injuries, even with aggressive 
management, is still unknown, but has been encouraging 
after debridement of wounds and aggressive control of 
ICP, including decompressive surgery.

Ischaemic brain damage is often superimposed on 
the primary damage (fi gure 1), and can be widespread 
or, more commonly, perilesional. Impaired cerebral 
perfusion and oxygenation, excitotoxic injury, and focal 
microvascular occlusion can be contributing factors.34,35

Secondary damage
Each type of head injury might initiate diff erent 
pathophysiological mechanisms, with variable extent 
and duration (fi gure 1). These mechanisms (acting 
concurrently and often with synergising eff ects) and 
the intensity of systemic insults determine the extent of 
secondary brain damage. Secondary processes develop 
over hours and days, and include neurotransmitter 
release, free-radical generation, calcium-mediated 
damage, gene activation, mitochondrial dysfunction, 
and infl ammatory responses.

Glutamate and other excitatory neurotransmitters 
exacerbate ion-channel leakage, worsen astrocytic 
swelling, and contribute to brain swelling and raised 
ICP. Neurotransmitter release continues for many days 
after TBI in human beings, paralleling the course of 
high ICP, and, with free-radical and calcium-mediated 
damage, is a major cause of early necrotic cell death. 
Early gene activation and release of proapoptotic 
molecules (eg, caspases) induce apoptotic neuronal 
loss. A third potential cause of cell death, autophagy, 
might also play an important part.36,37

Infl ammatory response is an important component 
of TBI, particularly around contusions and 
(micro)haemorrhages. The maximum response occurs 
within a few days, but cytokines are released from 
microglia, astrocytes, and polymorphonuclear cells 
within hours after TBI, leading to opening of the blood–
brain barrier, complement-mediated activation of cell 
death, and the triggering of apoptosis. Although the 
infl ammatory response can be deleterious in excess, it 
is necessary in order to clean up cellular debris after 
injury, and infl ammatory signals might also trigger 
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Figure 1: Components of TBI and importance of diff erent pathophysiological mechanisms
(A) The diff erent components of TBI with ischaemic damage are superimposed on the primary types of injury (haematoma, contusion, and diff use axonal injury). 
Systemic insults and brain swelling contribute to ischaemic damage, which might in turn cause more swelling. (B) The relative importance of diff erent 
pathophysiological mechanisms in various types of TBI. CPP=cerebral perfusion pressure. ICP=intracranial perssure. SDH=acute subdural haematoma. DAI=diff use 
axonal injury. Adapted from Graham et al,29 with permission from Hodder Arnold.

Etiopatogeneze-
patofyziologie
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Diagnostika a 
management
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Diagnostika a management
• zhodnocení vitálních funkcí (obecně ABCD)
• zhodnocení vědomí a tíže poranění (GSC)
• zhodnocení mnestických a kognitivních funkcí
• ložiskové neurologické příznaky
• zevní poranění hlavy 
• výtok krve či serózní tekutiny z nosu a uší
• sdružená poranění (polytraumata)
• CT mozku  a vyšetření Cp
• zhodnocení anamnézy a rizikových faktorů
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ABCD (kde je chyba na obr.?)

International Journal of General Medicine 2012:5

adoption of the ABCDE approach among members of a 
treatment team is likely to improve team performance.

Training health care professionals for recognition and 
management of critically ill patients increases confidence and 
reduces concerns about being responsible for the severely ill.3 
Resuscitation algorithm training and the use of algorithms in 
treatment of septic patients impact outcome.4,5

Which patients need ABCDE?
The ABCDE approach is applicable for all patients, both 
adults and children. The clinical signs of critical conditions 
are similar regardless of the underlying cause. This makes 
exact knowledge of the underlying cause unnecessary when 
performing the initial assessment and treatment. The ABCDE 
approach should be used whenever critical illness or injury 
is suspected. It is a valuable tool for identifying or ruling 
out critical conditions in daily practice. Cardiac arrest is 
often preceded by adverse clinical signs and these can be 
recognized and treated with the ABCDE approach to poten-
tially prevent cardiac arrest.6–8 The ABCDE approach is also 
recommended as the first step in postresuscitation care upon 
the return of spontaneous circulation.9

The ABCDE approach is not recommended in cardiac 
arrest. When confronted with a collapsed patient, first ensure 
the safety of yourself, bystanders, and the victim. Then check 
for cardiac arrest (unresponsive, abnormal or absent breath-
ing, and, if trained, pulse-check lack of carotid artery pulse). 

If the victim is in cardiac arrest, call for help and start 
cardiopulmonary resuscitation according to guidelines.9 If 
the patient is not in cardiac arrest, use the ABCDE approach.

Which physicians need ABCDE?
All health care professionals can encounter critically ill or 
injured persons, either at work or in private life, and may 
therefore benefit from knowing the ABCDE approach. The 
lay public expects health care professionals to act when 
confronted with illness or injury, whether it occurs in the 
street with no equipment at hand or in the hospital. These 
expectations can be met by instituting life-saving treatment 
using the ABCDE approach. Assessment and treatment can 
be initiated without equipment and more advanced interven-
tions can be applied on arrival of emergency medical services, 
in a clinic, or at the hospital.

Medical emergencies, including pediatric emergencies, 
occur in the general practitioners office more often than 
expected.10–14 Patients turn to their general practitioner even 
when it would be more appropriate to call emergency medical 
services for immediate hospital admission. Unfortunately, 
the general practitioner’s office is not always sufficiently 
prepared.10–15

ABCDE principles
With the ABCDE approach, the initial assessment and 
 treatment are performed simultaneously and continuously. 

Alert
Voice responsive
Pain responsive
Unresponsive

Remove clothing

Heart rate

Look, listen and feel

Head tilt and chin lift

Capillary refill time

E xposure

D isability

C irculation

B reathing

A irway

Figure 1 The ABCDE approach without the use of equipment.
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Glasgow	Coma Scale	(GCS) skóre

Otevírání očí

Spontánně 4

Na	slovní	výzvu 3

Na bolestivý	podnět 2

Neotevře 1

Nejlepší	slovní	
odpověď	

Orientován a	konverzuje 5

Dezorientován	a	konverzuje 4

Neadekvátní výrazy	a	slova 3

Nesrozumitelné zvuky 2

Žádná	odpověď 1

Nejlepší	
motorická
odpověď

Provede	žádaný	pohyb 6

Cíleně	lokalizuje bolest 5

Cílený	úhybný manévr 4

Dekortikační odpověď 3

Decerebrační	odpověď	 2

Žádná odpověď	 1
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Rozdělení kraniocerebrálních traumat
TBI Těžká Středně	těžká Lehká ~	komoce

GCS 3-8 9-12 (13)14-15

LOC >24	h 30	min.-24	h <30	min.

PTA >7	dnů 1–7	dnů <1den

jakákoli	perioda:
• dezorientace
• transientních	fokálních	

neurologických	příznaků

Abnormální	CT 90	% 60	% <10	%

Neurochirurg 40	% 20	% 0.5	%
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Diagnostika a management
• zhodnocení vitálních funkcí (obecně ABCD)
• zhodnocení vědomí a tíže poranění (GSC)
• zhodnocení mnestických a kognitivních funkcí
• ložiskové neurologické příznaky
• zevní poranění hlavy 
• výtok krve či serózní tekutiny z nosu a uší
• sdružená poranění (polytraumata)
• CT mozku  a vyšetření Cp
• zhodnocení anamnézy a rizikových faktorů
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SCAT3

McCrea,	2001

Standardní	vyšetření	komoce	mozku	(SAC),		SCAT3,	McCRea,	2001
Orientace

Který	je	měsíc? 0 1
Jaké je	dnes	datum? 0 1
Který	je	den	v	týdnu? 0 1
Jaký	se	píše	rok? 0 1
Kolik	je	právě	teď	hodin?	(plus	mínus	jedna	hodina) 0 1
Skór	orientace																																																																																																															 /5

Krátkodobá	paměť
Seznam pokus	1 pokus	2 pokus	3 alternativní	seznam	slov
loket 0 1 0 1 0 1 svíčka dítě prst
jablko 0 1 0 1 0 1 papír opice koruna
koberec 0 1 0 1 0 1 cukr parfém deka
sedlo 0 1 0 1 0 1 sendvič soumrak citrón
bublina 0 1 0 1 0 1 vozík žehlička hmyz
Celkem
Celkový	skór	krátkodobé	paměti																																																																																															/15

Pozornost:	opakování	čísel	pozpátku
Seznam pokus	1 alternativní	seznamy	číslic
4-9-3 0 1 6-2-9 5-2-6 4-1-5
3-8-1-4 0 1 3-2-7-9 1-7-9-5 4-9-6-8
6-2-9-7-1 0 1 1-5-2-8-6 3-8-5-2-7 6-1-8-4-3
7-1-8-4-6-2					 0 1 5-3-9-1-4-8 8-3-1-9-6-4 7-2-4-8-5-6

Pozornost:	měsíce	pozpátku	(1	bod	za	celou	sekvenci	správně)
prosinec-listopad-říjen-září-srpen-července-červen-květen-duben-
březen-únor-leden

0 1

Pozornost:	celkový	skór																																																																																																						 /5
Oddálené	vybavení	slov

Skóre	oddáleného	vybavení																																																																																																				 /5

Celkové	skóre	vyšetření																																																																																																						 /30
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Rizikové faktory – indikace k 
CT hlavy !!!

• věk	nad	65	let	
• GCS	<	15	za	2	hodiny	nebo	deteriorace	během	observace
• zvracení	2x	a	více
• bolesti	hlavy
• ztráta	vědomí	více	jak	2	minuty
• fokální	neurologický	deficit,	přetrvávající	porucha	paměti
• epileptický	záchvat
• známky	fraktury	baze lební,	
• nebezpečný	mechanismus	úrazu
• antikoagulancia
• intoxikace- relativní	indikace
pokud	je	CT	hlavy	indikované	provádí	se	bez	odkladu
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Zhodnocení vitálních funkcí a	GCS

GCS
3-8

GCS
9-13

GCS
14-15

Rizikové faktory

ano ne

CT	mozku

abnormální

GSC<15	po 2h
Neurodeficit

Epileptický záchvat
Antikoagulace

Trvající význ.	obtíže

POUČIT
PROPUSTIT

hospitalizace

ABCD
NE	hypoxie,	NE	hypotenze
Elevace hlavy a	trupu

Cévní vstup

CT	mozku a	Cp ihned

Časná intubace

CT	mozku a	Cp ihned Intubace dle stavu

neano

ABCD
NE	hypoxie,	NE	hypotenze
Elevace hlavy a	trupu

Cévní vstup

normální

KRANIOCEREBRÁLNÍ	TRAUMATA	- TRIÁŽ
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Bezpečně lze propustit

• GCS	15/15
• Není neurologický	deficit
• Není porucha chování,	paměti,	kognice
• Normální CT	nebo žádná indikace k	CT
• Postkomoční obtíže se	zlepšují nebo žádné nejsou
• Pacient je	poučen
• Má sociální zázemí
• Schopen se	včas vrátit do	nemocnice
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Zhodnocení vitálních funkcí a	GCS

GCS
3-8

GCS
9-13

GCS
14-15

Rizikové faktory

ano ne

CT	mozku

abnormální

GSC<15	po 2h
Neurodeficit

Epileptický záchvat
Antikoagulace

Trvající význ.	obtíže

POUČIT
PROPUSTIT

hospitalizace

ABCD
NE	hypoxie,	NE	hypotenze
Elevace hlavy a	trupu

Cévní vstup

CT	mozku a	Cp ihned

Časná intubace

CT	mozku a	Cp ihned Intubace dle stavu

neano

ABCD
NE	hypoxie,	NE	hypotenze
Elevace hlavy a	trupu

Cévní vstup

normální

KRANIOCEREBRÁLNÍ	TRAUMATA	- TRIÁŽ
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Management	při	hospitalizaci	
• monitorace a observace, opakovaná klinická 

vyšetření, event. opak. CT mozku
• zvážení indikace k neurochirurgickému výkonu
• zajištění intrakraniální homeostázy

– monitorace a terapie zvýšeného nitrolebního tlaku
– terapie posttraumatických epileptických záchvatů

• obecná intenzivní péče
– oxygenace (ne hypoxie), oběhová stabilita (ne 

hypotenze), péče o vnitřní prostřední a nutrici, terapie 
infekčních komplikací, prevence trombembolismu, 
stresového vředu, terapie bolesti

• ošetřovatelská péče a rehabilitace
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Neurochirurgický výkon
• epidurální hematom

– indikace:	objem	hematomu>	30cm3 bez	ohledu	na	GCS
– evakuace z	kraniotomie

• akutní subdurální hematom
– indikace:	ASDH>	10	mm	nebo	středočarový	posun>	5	mm,	bez	

ohledu	GCS,	nebo klinicky symptomatický a	pokles GCS	o	dva a	
více bodů

– evakuace z	krani(ek)tomie
• chronický subdurální hematom

– indikace:	symptomatický nebo >	cca	1	cm	tloušťky
– evakuace z	návrtu

• kontuze/IC	hematom
– indikace progresivní neurologická deteriorace,	nitrolební

hypertenze
– evakuace z	kraniotomie
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Vitální	funkce	(ABCD)

GCS

Kognitivní	funkce	/pokud	lze/	a	ložiskové	neurologické	symptomy

Zevní	poranění	hlavy	či	sdružená	další	poranění	dalších	orgánů

GCS
3-8

GCS
9-13

GCS
14-15

CT	mozku	a	Cp ihned CT	mozku	a	Cp ihned
Rizikové	faktory

CT	mozku	HOSPITALIZACE	

POUČIT
PROPUSTIT

monitorace a observace, 
kontrolní CT mozku

neurochirurgický výkon
intrakraniální homeostáza

obecná intenzivní péče
ošetřovatelská péče a rehabilitace

Souhrn
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Prognóza	a	trvalé	
následky
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Prognóza a trvalé následky
• Prognostické faktory: 

– věk
– GCS
– PTA
– stav zornic
– přítomnost hypoxie, hypotenze
– glykémie
– koncentrace hemoglobinu
– koagulační vyšetření
– nález na CT

(IMPACT: http://www.tbi-impact.org/; CRASH: http://www.crash2.lshtm.ac.uk).
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Personal View

mortality rising from 1% at a Glasgow Coma Score of 15 
to 27% at a score of 4 (Osler and Cook, personal 
communication, 2014). 

The precise relation between Glasgow Coma Score and 
outcome is aff ected by the time of assessment after 
injury, becoming stronger if the assessment is done after 
initial stabilisation than if done before.41,42 In patients 
with severe injuries, low scores are driven by the status of 
the motor component.43 This relation is shown in studies 

of mortality prediction after severe traumatic brain 
injury, in which the motor component score is almost as 
informative as the overall score.44 By contrast, in cohorts 
of patients with milder injuries, and when considering 
outcome in survivors, the verbal and eye components 
substantially  add prognostic value. Findings from a 
meta-analysis45 have confi rmed the better prognostic 
performance of the Glasgow Coma Score compared with 
a shortened motor response scale.46

Despite the robust correlation between a lower Glasgow 
Coma Score and poorer outcomes, the scale was never 
intended to be used alone as a guide to outcome.47 
Instead, prognosis should be estimated by use of a 
combination of diff erent features in multivariate 
models.48 Many models have been developed, but only 
two have been comprehensively validated.24,25 Murray and 
colleagues49 reported the Nagelkerke partial R² values for 
the motor response score using the Glasgow Coma Scale 
as a measure of the added proportion of the explained 
variability, relative to the contribution of other predictors. 
In the International Mission for Prognosis and Analysis 
of Clinical trials in TBI (IMPACT) core model,25 three 
main features—age, pupil reactivity, and motor 
response—had very similar predictive power, with a 
partial R2 value of 6–7%. However, even such a well 
validated model does not explain all variations in 
outcome, leaving an inevitable uncertainty that limits the 
role of statistical predictions in clinical decision making.

Reliability and confounders
After 40 years of use, and with the evolution of its 
applications, some investigators have had reservations 
and made critical comments about the Glasgow Coma 
Scale.50–52 When the Glasgow Coma Scale was devised the 
discipline of clinimetrics had not yet been developed.53 
Subsequent systematic analyses54–56 yielded largely 
supportive conclusions about its composition and 
eff ectiveness, including its validation by acceptance.55 
However, a consistent criticism has been variation in 
reliability. After the studies that guided the development 
of the Glasgow Coma Scale,8 the consistency between 
assessments by diff erent observers has varied in diff erent 
reports. Thus, observer agreement has been reported to 
range from high57 to low,50 with kappa indices ranging 
from 0·85 to 0·32.58 When studied separately, the motor 
response usually shows higher interobserver reliability 
than do the verbal or eye responses. Overall, reliability 
has been summarised as “good if no untestable feature 
present and if user is experienced”.54 Reliability is aff ected 
by training and by consistency in assessment technique.58 
The original description of the composition of the scale3 
did not set out rigid detailed specifi cations for the 
technique of assessment, in part to respect the skill of 
experienced clinicians. This feature might have 
contributed to an increasing variability over time in 
techniques used for examination and assignment of 
fi ndings. For example, a 2014 survey of trainee 

Figure 3: Mortality and outcome 6 months after injury in relation to Glasgow Coma Score recorded at the 
time of recruitment onto the MRC CRASH trial24

The reduced mortality for a total score of 3 probably shows pseudo-unresponsiveness due to confounding factors. 
Note that for scores of 8 or lower, most surviving patients were disabled, whereas for scores of 9 and higher, most 
had a good recovery.
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Glasgow Coma Scale score

Good recovery Moderate disability Severe disability Death

Patients Deaths (N) Proportion that died (95% CI) 

3 53 246 13 823 26·1% (25·7–26·4)

4 3076 818 26·8% (25·2–28·3)

5 3093 717 23·2% (21·7–24·7)

6 5948 1019 17·2% (16·2–18·2)

7 5787 669 11·6% (10·8–12·4)

8 5367 547 10·2% (9·4–11·0)

9 5613 536 10·0% (8·8–10·4)

10 7127 567 8·0% (7·4–8·6)

11 8233 551 6·7% (6·2–7·3)

12 11 312 557 5·0% (4·5–5·3)

13 21 517 872 4·0% (3·8–4·3)

14 86 791 2381 2·8% (2·6–2·7)

15 801 025 8280 1·04% (1·01–1·06)

Data for 1 018 135 individuals in the National Trauma Data Bank and a known 
score on Glasgow Coma Scale and outcome.

Table 3: Relation of  Glasgow Coma Score to mortality in injured people 
with or without traumatic brain injury

Teasdale	et	al.,	2014
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Prognóza –
středně těžká až těžká TBI

• Trvalé psychické a kognitivní změny- zásadní pro 
kvalitu života (více než motorický deficit)

• Demence
• Fokální neurologický deficit
• Epilepsie- 13%
• Riziko neurodegenerace (i po jednorázovém poranění)

TBI Těžká Středně	těžká Lehká ~	komoce

GCS 3-8 9-12 (13)14-15

Mortalita 60-40	% 20-10	% 0.1	%

Dobrá	úzdrava 10-30	%	 40-60	% 80	%
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Kóma,	vegetativní stav a	další vývoj
• největší zlepšení prvních 6	měsíců,	pomalejší
zlepšování do	24	měsíců,	poté stagnace

• Perzistující vegetativní stav
– >	4	týdny

• Permanentní vegetativní stav
– traumatický >	12	měsíců

• Stav minimálního vědomí
• Demence
• Kognitivní- exekutivní,	paměť,	pozornost,	PM	tempo
• Emoční a	behaviorální poruchy
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Prognóza – lehká poranění 
(komoce)

• Plná úprava stavu-
odhad > 80%

• Postkomoční syndrom 
(PCS)- 10-40% déle 
než rok

• Riziko 
neurodegenerativního 
onemocnění u 
opakovaných mTBI-
CTE, PN ? 

Postkomoční syndrom
anamnéza	úrazu	hlavy

+	minimálně	tři	s následujících	
symptomů

- bolest	hlavy	
- závrať	
- únava	
- podrážděnost,	
- nespavost,	
- poruchy	koncentrace,	
- paměťové	obtíže,	
- snížená	tolerance	stresu,	

emočního	vzrušení	nebo	
alkoholu
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SCIENCE TIMES
Concussion Related to
White Matter
Abnormalities and
Cognitive Dysfunction in
Aging Athletes

T he incidence and consequences of con-
cussion among athletes have comeunder
intense scrutiny in the setting of the

untimely deaths of several notable professional

athletes. Brain injury in its most severe forms has
been exhaustively studied, butwehave onlybegun
to scratch the surface of our understanding of
milder injuries.Historically, these types of injuries
have been difficult to study because patients did
not frequently come to medical attention and
there were no meaningful imaging correlates that
confirmed the diagnosis. The acute and subacute
side effects of concussion in young athletes include
cognitive and psychiatric disorders, and concus-
sive injuries have been linked to pathological
findings of thewhitematter of the brain associated
with aging and neurodegenerative conditions.
Recently, advanced magnetic resonance imaging

techniques like diffusion tensor imaging (DTI)
have been used to detect white matter abnormal-
ities after concussive injuries. Tremblay et al1 used
these techniques to explore one of the more
vexing questions in concussion research: What
are the long-term consequences in older individ-
uals with a history of concussion?

To examine for even the subtlest of abnor-
malities, the investigators recruited 15 clinically
normal, former university-level football and
hockey players with a mean age of 60 who had
a history of sports-related concussion. None of
these individuals had other meaningful medical
or psychiatric problems, and they had suffered

Figure. Diffuse increase in mean diffusivity after remote concussions. Sagittal (A andB), coronal (C andD), and axial (E and F) slices of the tract-based spatial statistics group contrast on
mean diffusivity maps (controls vs concussed in blue). The contrasts are overlaid on the mean fractional anisotropy skeleton (in green) and the standard MNI152 T1 1-mm brain
template. The results are thresholded at P$ .05, corrected for multiple comparisons. Reprinted with permission from Oxford University Press: Tremblay S, Henry LC, Bedetti C, et al.
Diffuse white matter tract abnormalities in clinically normal ageing retired athletes with a history of sports-related concussions. Brain. 2014;137:(11) 2997-3011.
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Trois-Rivières, Canada
E-mail: louis.debeaumont@uqtr.ca

Sports-related concussions have been shown to lead to persistent subclinical anomalies of the motor and cognitive systems in

young asymptomatic athletes. In advancing age, these latent alterations correlate with detectable motor and cognitive function

decline. Until now, the interacting effects of concussions and the normal ageing process on white matter tract integrity remain

unknown. Here we used a tract-based spatial statistical method to uncover potential white matter tissue damage in 15 retired

athletes with a history of concussions, free of comorbid medical conditions. We also investigated potential associations between

white matter integrity and declines in cognitive and motor functions. Compared to an age- and education-matched control group

of 15 retired athletes without concussions, former athletes with concussions exhibited widespread white matter anomalies along

many major association, interhemispheric, and projection tracts. Group contrasts revealed decreases in fractional anisotropy, as

well as increases in mean and radial diffusivity measures in the concussed group. These differences were primarily apparent in

fronto-parietal networks as well as in the frontal aspect of the corpus callosum. The white matter anomalies uncovered in

concussed athletes were significantly associated with a decline in episodic memory and lateral ventricle expansion. Finally, the

expected association between frontal white matter integrity and motor learning found in former non-concussed athletes was

absent in concussed participants. Together, these results show that advancing age in retired athletes presenting with a history of

sports-related concussions is linked to diffuse white matter abnormalities that are consistent with the effects of traumatic axonal

injury and exacerbated demyelination. These changes in white matter integrity might explain the cognitive and motor function

declines documented in this population.
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White	Matter	Integrity	in	the	Brains	of	
Professional	Soccer	Players	Without	a	

Symptomatic	Concussion

Repetitive subconcussive brain trauma

Subconcussive head impacts are even more common than head
impacts that lead to concussions. The term “subconcussive” was
introduced to describe impact to the head that produces neuronal
changes similar to those in concussion, but without the acute
symptoms (9). Most concerning, however, is the fact that because
there is often no evidence of clinical symptoms, subconcussive
head impacts are generally considered to be harmless. Although
little is known about the pathophysiology of subconcussive blows,
recent neuroimaging literature has shown that this may not be the
case. For example, in a study by our group we used advanced,
sensitive neuroimaging techniques and demonstrated, for the first
time, alterations in the brain’s microstructure in soccer players
who are at high risk for repetitive subconcussive head impacts
when heading the ball (78) (Figure 1). The soccer players included
in this study were selected specifically for having no history of
concussive brain trauma (78). This finding is not only alarming,
given the large number of soccer players worldwide, but, and most
importantly, it challenges current concepts of the effects of
repetitive head impacts by demonstrating that even repetitive
subconcussive head impacts may lead to subtle alterations in the
brain. Findings from this study are consistent with a very recent
study using task-based functional magnetic resonance imaging
(MRI) that reports impaired brain function in college-level contact
sports athletes without a history of concussion (100). They are also
consistent with a series of studies demonstrating cognitive (170),
functional (1, 25, 154) and biochemical changes (128) in the brains
of contact sport athletes, despite a lack of diagnosed concussion. It
is unknown, however, whether or not these findings represent the
direct cumulative effects of repetitive brain trauma (eg,
axonopathy) or if these findings reflect a vulnerability to develop-
ing a neurodegenerative disease, including CTE (151).

Chronic traumatic encephalopathy

CTE, historically referred to as “punch drunk,” “dementia
pugilistica” or “boxer’s dementia” (39, 94, 112), is a
neurodegenerative disease believed to be caused, in part, from
exposure to repetitive head impacts. Bowman and Blau (24) were
the first to use the term “chronic traumatic encephalopathy” in

their description of a 28-year-old professional boxer who suffered
from progressive changes in behavior, mood and cognition. Since
that time, several others have used this term (41, 42, 111). For
example, Critchley, in 1957, reviewed 69 cases of progressive
neurodegenerative disease in professional boxers and suggested
that the term “chronic progressive traumatic encephalopathy of
boxers” be used to describe the neurodegenerative changes he
observed (42). Some of the symptoms observed were similar to
postconcussive symptoms and acute concussion such as headaches
and dizziness, but other symptoms were more disabling including
mood swings, euphoria, emotional lability, unsteady gait (see also
below) as well as changes in behavior. Additionally, Miller (111)
also used the term CTE to describe the kind of symptoms that he
thought resembled neurodegenerative disorders such as Alzhei-
mer’s disease (AD) and FTLD (111). The diagnosis, however, as
noted previously, is made postmortem. Symptoms may begin years
or even decades following brain trauma exposure and include
memory and other cognitive impairments, depression and
suicidality, as well as problems with impulse control (150, 151). As
the disease progresses, it may lead to dementia such as CTE or
even to other neurological diseases [see (65, 156)].

CTE has been reported most often in professional athletes
involved in contact sports (eg, boxing, American football) who
have been subjected to repetitive head impacts. CTE has also been
reported in individuals with epilepsy, developmentally disabled
individuals with head banging behavior and in victims of physical
abuse (108, 151). Additionally, CTE has been reported in military
personnel with a history of repetitive head impacts or blast events
(55, 108). Thus, the number of those affected is potentially quite
large. Besides exposure to repetitive brain trauma, it is not known
to date what additional risk factors lead to CTE. There are, for
example, cases of young athletes who show evidence of CTE,
suggesting that there may be some who are more vulnerable to the
cascade of neurodegenerative changes it involves. Genetic factors
such as apolipoprotein 4 (AP0E4), which has been studied in AD,
may also be a risk factor for CTE [eg, (44)].

CTE is defined by a specific pattern of neuropathological
changes, that is, the presence of p-tau protein in the form of
neurofibrillary tangles, glial tangles and neuropil threads, with
widespread distribution throughout the brain, beginning primarily
with focal perivascular deposits at the depths of the cortical sulci

Figure 1. Soccer players experience
repetitive subconcussive head impacts while
heading the ball. A recent study investigated
the white matter microstructure using
diffusion tensor imaging in a group of
professional soccer players compared with
swimmers. Tract-based spatial statistics
revealed increased radial diffusivity in
widespread white matter regions in soccer
players. Journal of the American Medical
Association [see (78)].

Neuroimaging Findings in Repetitive Brain Trauma Koerte et al

320 Brain Pathology 25 (2015) 318–349

© 2015 International Society of Neuropathology

Koerte et	al.	2012



Neurologická	klinika	a	Centrum	klinických	neurověd
Universita	Karlova	v	Praze,	1.	lékařská	fakulta	a	Všeobecná	fakultní	nemocnice	v	Praze Tagge et	al.,2018



Neurologická	klinika	a	Centrum	klinických	neurověd
Universita	Karlova	v	Praze,	1.	lékařská	fakulta	a	Všeobecná	fakultní	nemocnice	v	Praze

CHRONICKÁ	TRAUMATICKÁ	
ENCEPHALOPATIE- příznaky

• emoční/behaviorální
– agresivita,	iritabilita,	
impulsivnost

– apatie,	anxieta,	deprese

• kognitivní
– poruchy	koncentrace,	paměti,	
exekutivních	funkcí

– poruchy	visuospaciální
orientace

– syndrom	demence

• neurologické
– dysatrie
– spasticita
– ataxie
– parkinsonský	
syndrom

– poruchy	stoje	a	
chůze
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McKee 2013,	Brain

Inflammation. Neuroinflammation is a consistent fea-
ture of CTE, large increases in activated microglia are
found throughout the subcortical white matter, accompa-
nied by a robust astrocytosis of the gray and white matter.

Amyloid-b peptide. Ab deposits are found in 40–50%
of CTE cases, are significantly associated with age at
death and generally are not a characteristic of early
CTE, i.e., stages I and II (McKee et al., 2013). In CTE,
Ab is found predominantly as low densities of diffuse
plaques. This is in contrast to AD, which is characterized
by at least moderate densities of both diffuse and neuritic
plaques. Amyloid angiopathy may also occur in CTE.

Lewy bodies. a-Synuclein-positive Lewy bodies are
found in approximately 20% of CTE cases, and are sig-
nificantly associated with the age of the subject at death
(McKee et al., 2013).

CHRONIC TRAUMATIC ENCEPHALOPATHY AND

COMORBID DISEASE

CTE is associated with the development of other neuro-
degenerations, notably Lewy body disease (LBD), AD,
frontotemporal lobar degeneration (FTLD), and motor
neuron disease (MND) (McKee et al., 2013, 2014). In

Fig. 4.4. Microscopic features of stage IV chronic traumatic
encephalopathy (CTE). (Top row) Whole mount coronal sec-
tions of the brain from cognitively intact 65 year old subject;
CP-13 immunostained 50 m tissue sections. (Second row)
Whole mount 50 m sections of brain from 66-year-old with
stage IVCTE. There is widespread p-tau immunoreactive neu-
rofibrillary pathology. (Third row)Microscopic sections from
66-year-old with stage IV CTE show irregular focal patches of
dense p-tau pathology, centered around small blood vessels
andmost severe at the depths of the sulci; CP-13 immunostain-
ing, 10 mm sections. (Fourth row) P-TDP-43 immunoreactive
neuronal and glial inclusions and neurites are densely depos-
ited in the lower layers of the frontal and temporal cortices
of the 66-year-old with stage IV CTE; pTDP-43 immunostain-
ing, 10 mm sections. There is also a slight tendency for the
abnormal pTDP-43 deposits to be concentrated around small
blood vessels.

Fig. 4.3. Staging of hyperphosphorylated tau pathology in
chronic traumatic encephalopathy (CTE). In stage I CTE,
hyperphosphorylated p-tau pathology is restricted to discrete
foci in the cerebral cortex,most commonly in the superior, dor-
solateral or lateral frontal cortices, and typically around small
vessels at the depths of sulci. In stage II CTE, there aremultiple
epicenters at the depths of the cerebral sulci and spread of neu-
rofibrillary pathology to the superficial layers of adjacent cor-
tex. The medial temporal lobe is spared neurofibrillary p-tau
pathology in stage II CTE although it becomes progressively
more involved as disease severity increases. In stage III,
p-tau pathology is widespread; the frontal, insular, temporal,
and parietal cortices, amygdala, hippocampus and entorhinal
cortex show widespread neurofibrillary pathology. In stage
IV CTE, there is widespread severe p-tau pathology affecting
most regions of the cerebral cortex and the medial temporal
lobe, sparing calcarine cortex in all but the most severe
cases. All images, CP-13 immunostained 50 m tissue sections.
(Adapted from McKee et al., 2013.)

56 A.C. MCKEE AND D.H. DANESHVAR



Spinální traumata
(ST)
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ÚVOD

• 4/100	000	obyvatel
• převažují	muži	3:1	(16-30let)
• dopravní	(42%),	pády	(27%- vyšší	věk),	pracovní	úrazy	
(10%),	sport	(7%),	střelná	zranění	

• nejčastěji	je	postižena	C4-6,	Th11-Th12
• predispozice	k	poranění- vrozeně	zúžený	kanál
• 2/3	pacientů	mají	inkompletní	léze
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Mechanismy

• primární
– komprese	obratlem
– flexe
– extenze
– rotace

• sekundární
– vaskulární	změny	(autoregulace,	hemoragie,	
mikrocirkulace,	hypotenze,	vazospasmy,	trombóza)

– elektrolytová	dysbalance,	biochemické	měny
– edém



• příznaky
- svalová	atonie,	areflexie,	
- ztráta	volní	hybnosti	a	anestézie	
- atonie	detruzoru,	
- paradoxní	ischurie,	
- systémová	hypotenze,	reflexní	vagová	

bradykardie,	kožní	hyperémie
• trvání	dny	a	měsíce
• následně	hyperreflexie,	spasticita,	spastický	močový	

měchýř,	sfinkter-detruzorová dyssynergie

Míšní šok
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Neurologické vyšetření a	klasifikace
• senstivní úroveň pro	pravou a	levou stranu
• motorickou úroveň pro	pravou a	levou stranu
• =	neurologickou úroveň léze
• zjistit,	zda je	jde o	kompletní či nekopletní lézi
• stupeň rozsahu míšní léze

– A=	kompletní
– B=	sensitivně nekompletní
– C=	motoricky nekompletní,	svalová síla pod	3	u	½	svalů
– D=	motoricky nekompletní,	svalová síla nad 3	u	½	svalů
– E=	normální
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MEZINÁRODNÍ STANDARDY PRO NEUROLOGICKOU KLASIFIKACI MÍŠNÍHO PORANĚNÍ – REVIZE 2013

Cesk Slov Ne urol N 2014; 77/ 110(1): 77– 81

Úvod
Mezinárodní standardy pro neurologic-
kou klasifikaci míšního poranění (Interna-
tional Standards for Neurological Classi-
fication of Spinal Cord Injury –  ISNCSCI) 
byly vytvořeny Americkou asociací spinál-
ního poranění (American Spinal Injury As-
sociation –  ASIA) v roce 1982 [1]. Cílem 
bylo vyvinout jednotný koncept vyšet-
ření a zhodnocení neurologického stavu 
pacientů s míšní lézí. Formulář ISNCSCI, 
původně označovaný jako ASIA proto-
kol, doznal v průběhu třech desetiletí ně-
kolika revizí. Poslední revize byla publi-
kována ASIA v červenci 2013 [2]. Kromě 
změn designu formuláře a ně kte rých for-
mulací byl rozpracován koncept tzv. ne-
klíčových svalů určený k preciznějšímu 
rozlišení mezi motoricky kompletní a mo-
toricky nekompletní lézí. V tomto krát-
kém sdělení bychom chtěli s novou verzí 
formuláře seznámit širší zdravotnickou  
veřejnost.

Popis klasifikace
Klasifikace zahrnuje hodnocení neurolo-
gické úrovně léze (Neurological Level of 
Injury –  NLI) a jejího rozsahu (ASIA Im-
pairment Scale –  AIS) na základě vyšet-
ření motorických a senzitivních funkcí. 
Neurologická úroveň léze vychází z moto-
rické a senzitivní úrovně. Motorická úro-
veň se určuje hodnocením svalové síly tzv. 
klíčových svalů pro horní a dolní konče-
tiny, senzitivní úroveň se hodnotí testo-
váním vnímání lehkého dotyku a rozliše-
ním tupého a ostrého podnětu pomocí 
píchnutí špendlíkem v tzv. klíčových bo-
dech. Pro odlišení kompletní a nekom-
pletní léze je zásadní vyšetření volní 
anální kontrakce a hlubokého análního 
tlaku. Rozsah míšní léze je určen šká-
lou AIS, kdy AIS A definuje kompletní 
míšní lézi, AIS B senzitivně nekompletní,  
AIS C/ D motoricky nekompletní a AIS E 
odráží normální motorickou a senzitivní  
funkci [3].

Změny 2013
Změny designu ISNCSCI formuláře
Nejvíce patrná je změna v uspořádání jed-
notlivých částí formuláře. Původně byl 
formulář rozdělen na levou část pro hod-
nocení motoriky a pravou část pro hodno-
cení citlivosti včetně mapy dermatomů [3] 
(obr.1a). V nové verzi je formulář rozdělen 
podle pravé a levé poloviny těla a mapa 
dermatomů je zobrazena uprostřed  
(obr. 2a). Toto uspořádání umožnilo při-
blížení sloupců pro motoriku a citlivost 
pro každou stranu a horizontální zarov-
nání kolonek pro myotomy a dermatomy 
stejných segmentů, což usnadňuje vyhod-
nocení motorické úrovně léze. Velikost 
kolonek se zvětšila o 15 % a sloupce pro 
píchnutí špendlíkem jsou pro lepší rozli-
šení o 10 % tmavší. Další významnou 
změnou je horizontální zarovnání a zvý-
raznění sakrálních komponent (kolonka 
pro volní anální kontrakci, hluboký anální 
tlak a pro hodnocení senzitivní úrovně 

Obr. 1a) Mezinárodní standardy pro neurologickou klasifikaci míšního poranění 2011 – přední strana.

Tento clanek podleha autorskemu zakonu a jeho vyuziti je mozne v souladu s pravnim prohlasenim: www.prolekarniky.cz/prohlaseni



• nad C5: spastická kvadruplegie, trvalá UPV
• C5-Th1: postižení HKK periferního typu v 

distribuci postižených myotomů a spastická 
kvadruplegie

• hrudní mícha: spastická paraplegie bez 
postižení horních končetin

• thorakolumbální oblast: paraplegie DKK 
převážně periferního typu

Kompletní míšní léze 



Ventilační změny u ST v 
závislosti na výši léze 

etáž postižení *TLVC % kašel

C1a C2 5-10% není

C3 až C7 20%

neefektivní, 

slabý

Th 1-Th 4 30-50% slabý

od Th 5 minimální změny normální

*Total	Lung	Vital	Capacity	TLVC
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Inkompletní	léze-
akutní	centrální	míšní	syndrom

• segmentální chabá	paréza,	atrofie	a	
fascikulace,	

• porucha	algické	a	termické	citlivosti	v	
postižených	segmentech

• větší	slabost	horních	než	dolních	končetin
• taktilní	čití	je	zachováno
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Inkompletní	léze-
přední	míšní	syndrom

• chabá	obrna	v	postižených	segmentech
• spastická	paréza	či	plegie	a	ztráta	termické	a	
algické	citlivosti	kaudálně	od	místa	léze

• taktilní	citlivost	a	propriocepce relativně	
ušetřeny
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Inkompletní	léze-
syndrom	hemisekce míšní

• Brownův-Sequardův syndrom
• ve	výši	léze	anestézie	pro	všechny	kvality	a	
chabá	obrna	ipsilaterálně

• pod	místem	léze	stejnostranná centrální	
paréza	a	ztráta	propriocepce

• kontralaterální ztráta	citlivost	pro	bolest	a	
teplo
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Inkompletní	léze-
syndrom	zadní	míchy

• vzácný
• centrální	paréza	či	plegie	pod	místem	léze	
• a	ztráta	propriocepčního a	vibračního	čití
• vnímání	bolesti	a	tepla	zachováno
• při	postižení	C	míchy	bolesti	a	parestézie	za	
krkem,	horních	končetinách	a	trupu



Diagnostika

Ø RTG	Cp- 3	projekce	(předozadní,	boční,	transorální
projekce	na	dens)

Ø CT	vyšetření	
• u	pacientů	s	GCS<14,	zároveň	CT	mozku
• při	nejasném	nálezu	na	RTG

Ø MRI při	podezření	na	poranění	měkkých	tkání,	včetně	
míchy	(	např.	neurologický	deficit	při	normální	CT	C	
páteře)



Indikace k RTG vyšetření
Rizikový	pacient- indikace	k	RTG	vyšetření:	

• GCS<15
• neurologický	deficit
• jiné	závažné	a	bolestivé	poranění	odvádějící	pozornost	od	

C-páteře
• bolestivost	v	oblasti	C-páteře	(spontánní	nebo	při	

vyšetření)
• snížení	rozsah	pohybů	v	oblasti	C-páteře

Málo rizikový pacient (NEXUS	kritéria)- není indikace
• není	zvýšená	citlivost	nebo	bolestivost	při	vyšetření	C-páteře
• není	neurologický	deficit
• normální	vědomí
• není	intoxikace
• žádné	další	bolestivé	poranění	odvádějící	pozornost	od	

bolesti	v	oblasti	C-páteře



Akutní management
• platí	zásady ABCD
• fixace	páteře	(tvrdý	límec)	na	transport
• zajištění	dýchacích	cest	(intubace)
• zajištění	oběhové	stability	(při	neurogenním	šoku)
• močová	cévka
• neurologické	vyšetření	
• RTG	vyšetření
• dekomprese	míchy	a	stabilizace	páteře
• následná	intenzivní	péče	(zajištění	respirace,	oběhu,	

vnitřního	prostředí,	nutrice,	prevence	
trombembolismu,	stresového	vředu)

• rehabilitace
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Problémy „chronické“ fáze
Ø Respirační	systém

• stagnace	hlenu,	porucha	expektorace
• infekce

Ø Kardiovaskulární	systém
• autonomní	dysreflexie:	piloerekce,	hypertenze,	
bradykardie,	mydriáza,	bolesti	hlavy,	zblednutí- při	distenzi	
močového	měchýře	či	střev

• ortostatická	hypotenze
• ICHS
• hluboká	žilní	trombóza

ØUrogentiální systém
• sfinkterová	dysfunkce- čistá	intermitentní	katetrizace
• uroinfekce,	urosepse,	renální	insuficience
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Problémy „chronické“ fáze
Ø Gastrointestinální	systém

• stresový	vřed
• neurogenní	střevo,	zácpa	až	paralytický	ileus
• inkontinence
• rektální	stimulancia,	miniklyzmata,	digitální	vybavení

Ø Muskuloskeletární systém
• osteoporóza
• zlomeniny- ne	sádrová	fixace,	nejlépe	vnitřní	osteosyntézu
• přetěžování	ramenních	a	loketních	kloubů,	záněty	úponů
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Problémy „chronické“ fáze
Ø Kožní	systém					

• dekubity,	osteomyelitida
• popáleniny,	omrzliny

Ø Nervový	systém
• míšní	spasticita
• posttraumatická	syringomyelie

• možná	příčina	dalšího	zhoršování	
neurologického	deficitu

• neuropatická	bolest
• porucha	termoregulace
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výraznějšího následného zhoršení a pasivním 
protažením DK či např. použitím MotoMedu sníží 
spasticitu na únosnou mez. Pokud se spasticita 
náhle významně zhorší, je třeba pacienta řádně 
vyšetřit a vyloučit možné příčiny, jako je infekce, 
defekt kožní, distorze, zlomenina a podobně. 

Klasifikace, diagnostika a léčba spasticity je 
detailně probrána v sousedním příspěvku.

Posttraumatická syringomyelie
Syringomyelie je definovaná jako syndrom 

vycházející ze zvětšujícího se syrinxu – cysty pl-
nící se tekutinou v šedé hmotě míšní (obrázek 6). 
Jedná se o jednu z hlavních příčin zhoršující se 
myelopatie v chronické fázi po míšním pora-
nění. Patogeneze není zcela jasná, spouštěcím 
faktorem může být posttraumatický hematom, 
ze kterého vznikne enzymatickou lýzou intra-
medulární cysta. Klinickým příznakem může 
být neuropatická bolest v úrovni míšní léze 
a postupná progrese neurologického deficitu. 
Řešením může být operační výkon – zavedení 
syringosubarachnoidálního nebo syringopleu-
rálního shuntu.

Neuropatická bolest
Velmi častou komplikací, která se může 

rozvinout po poranění míchy, je neuropatická 
bolest. Narozdíl od bolestí muskuloskeletárních 
nebo viscerálních vychází tato bolest přímo 
z postižených nervových struktur a je obtížně 
ovlivnitelná. Její klasifikace a způsoby léčby jsou 
detailně popsány v sousedním příspěvku.

Úžinové syndromy
Jak jsme již popsali výše, u pacientů po pora-

nění míchy dochází vlivem změny pohybových 
stereotypů k chronickému přetěžování určitých 
částí těla. Jednou z komplikací může být i rozvoj 
úžinového syndromu. Jedním z nejčastějších je 
iritace n. medianus v karpálním tunelu vzniklá 
přetěžováním rukou při pohybu na mechanic-

kém vozíku. Konzervativní terapie zahrnuje or-
tézování, fyzikální a medikamentózní léčbu. Při 
jejím neúspěchu volíme operační zákrok.

Porucha termoregulace
Patofyziologie poruchy termoregulace vy-

chází z poruchy aference z kožních receptorů do 
hypotalamu a následně neschopností regulovat 
vazokonstrikci, vazodilataci a pocení. Potíže se 
projevují u pacientů s kompletní lézí nad úrovní 
Th6. Hlavním důsledkem je riziko přehřátí orga-
nizmu v letních měsících. 

Závěr
Každým rokem přibývá v České republice 

více než 200 nových úrazů páteře s poškozením 
míchy. V polovině případů je míšní léze komplet-
ní, stejně tak v polovině případů je postižena 
krční mícha s částečným deficitem hybnosti 
horních končetin. Jedná se zpravidla o populaci 
mezi 20–40 lety věku. Většina z těchto pacientů 
se vrací do domácího prostředí a díky stále se 
zlepšujícím možnostem pracovního uplatnění se 
mnozí zdravotně postižení vracejí do zaměstná-
ní. Stále však zůstávají ohroženi různými rizikový-
mi stavy, které nejsou běžné u zdravé populace. 
Je třeba je vždy včas a správně diagnostikovat 
a léčit. Při jakýchkoliv nejasnostech či pochybách 
není problém kontaktovat specializované praco-
viště, které si pacienta převezme nebo alespoň 
doporučí vhodnou terapii. 
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Obrázek 6. Posttraumatická syringomyelie v oblasti 
C páteře zachycená na MR
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