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Epidemiologie

e 48-270/100000 déti/rok (Australie 486, Svédsko 12)
e Chlapci: divky 1,8:1

e Lehké TBIl >80%

e Téezke TBI 3-7%

 Mortalita 2,8-3,75/100000 deéti/rok



Etiologie

* Autonehody 6-80%

* Pady 5-87%

e CAN - AHT 2-12%

* Sportovni urazy <1-29%



Red flag injuries suggesting physical child abuse in infants and young children

Injury

Patient age

<6 months

6 to 12 months

1 year old

2 to 3 years old

Soft tissue injury

Abusive head trauma

* Vék <1 rok, median 4 meésice
 Anamnéza CAN - 60% pfipadu

Frenulum tears or
unexplained cral
injuries (teeth, lips,
palate)

Frenulum tears or
unexplained oral
injuries (teeth, lips,
palate)

Isolated subconjunctival hemorrhage cutside of

the newborn period

Any bruise

Any unexplained
bruise in non-cruising
children, more than
one bruise in non-
mobile children

Any bruise of the
trunk, ear, neck,
jawline, or cheek

Patterned bruising

Frenulum tears or
unexplained oral
injuries (teeth, lips,
palate)

Any bruise of the
trunk, ear, neck,
jawline, or cheek

Patterned bruising

Frenulum tears or
unexplained cral
injuries (teeth, lips,
palate)

Any bruise of the
trunk, ear, neck,
jawline, or cheek

Patterned bruising

« Anamnéza sentinelovych
poranéni

Burns

* Chlapci, casto placici,

Unexplained burns

Burns in the shape of
a heated object

Immersion burns

Burns of the perineum
and lower extremities

Unexplained burns

Burns in the shape of
a heated object

Immersion burns

Burns of the perineum
and lower extremities

Unexplained burns

Burns in the shape of
a heated object

Immersicn burns

Burns of the perineum
and lower extremities

Unexplained burns

Burns in the shape of
a heated object

Immersion burns

Burns of the perineum
and lower extremities

Fractures

perinatalni onemocnéni
* Mlady rodic, jediny rodicC, nizka
uroven vzdelani

Multiple fractures in
different stages of
healing

Any fracture other
than skull ar clavicle
fractures in the
newborn period

Multiple fractures in
different stages of
healing

Any fracture other
than skull fracture

Skull fractures without
history or other than
simple linear parietal
type

Multiple fractures in
different stages of
healing

Any rib fracture

Humerus fracture,
other than
supracondylar

Fractures of other long
bones

Fracture without
trauma history or
presenting with
evidence of healing

Multiple fractures in
different stages of
healing

Fracture without
trauma history ar
presenting with
evidence of healing

Intracranial

Any subdural
hemaorrhage/hygroma

Any subdural
hemorrhage/hygroma

Unexplained subdural hematoma without
history of high-energy trauma (eg, motor
vehicle collision, long-distance fall)

Visceral injury

Any visceral injury

Any visceral injury

Traumatic visceral injury unexplained by motor
vehicle collision or verified history of accidental
high-energy blow to the abdomen*



Definice

Sign
Eye opening

* Lehké poraneni mozku - Mild
Traumatic Brain Injury (TBI)

« GCS13-15
* Strednée téezké poranéni mozku
— Moderate TBI
 GCS9-12

ezke poraneni mozku — Severe
TBI

* GCS<8

Verbal response

Motor response

Best total score

Glasgow
Coma Scale!!!

Spontaneous
To command
To pain

Mone

Oriented

Confused,
disoriented

Inappropriate
waords

Incomprehensible
sounds

None

Obeys commands
Localizes pain
Withdraws

Abnormal flexion
to pain

Abnormal
extension to pain

MNone

Glasgow Coma Scale and Pediatric Glasgow Coma Scale

Pediatric Glasgow Coma Scalel?!

Spontaneous
To sound

To pain

Mone

Age-appropriate vocalization, smile, or orientation
to sound; interacts (coos, babbles); follows
objects

Cries, irritable
Cries to pain

Moans to pain

Mone

Spontaneous movements (obeys verbal command)
withdraws to touch (localizes pain)

Withdraws to pain

Abnermal flexion to pain (decorticate posture)
Abnermal extension to pain (decerebrate posture)

Mone

Score

15



A — dychaci cesty

Imobilizace kréni patere (1-2 % déti)
Intubace — OTK s manzetou! (microcuff)

Atropin — davka 0,02 mg/kg i.v.
* Pacienti <1rok, SCHJ - <5 let
* Pacientiv Soku
 CAVE! -dilatuje zornice

Opioid/mesocain (1 - 2 mg/kg, maximum 200 mg) u pacientl s pfedpokladanou ICH
—ne rutinné

Indukce anestezie k OTI
e Etomidat?
e Ketamin

e Relaxace

* Rocuronium (sugammadex)
* Suxametonium



A — dychaci cesty

Pediatric Emergency Care Applied Research Network C-spine Injury Rule algorithm

[ High risk of CSI (>10%, any one of the following)?:

= Coma (GCS score <8 or Unresponsive on AVPU scale)
= Abnormal airway, breathing, or circulation

= Focal neurologic deficits

Yes

v

|
No

v

Screen with C-spine CT™

Non-neglible risk of CSI (3%, any one of the following)?

= Neck pain

= Altered mental status (GCS score 9to 14 or
responsive only to Voice or Pain on the AVPU scale)

= Posterior midline neck tenderness

= Head or torso injury that requires inpatient
observation or surgery 1

I
No

v

PECARN

Pediatric Emergency Care
Applied Research Network

Screen with C-spine
plain radiographs®

Neglible risk of CSI (<0.2%):
Clinically clear C-spine (no imaging)




B - ventilace

Clinical progression of transtentorial

L. herniation
* Normoxémie
Headache
i NOrm Ove nt”.ace Altered level of consciousness

. ETCOZ 4_4’5 kPa » Dilation of ipsilateral pupil

“ , Cranial nerve III palsy
* ETCO, <4 kPa pouze pri zamkach
incipientni herniace

Ptosis

Loss of medial gaze
Decerebrate posturing
Hemiparesis
Dilaticn of opposite pupil
Alteration of respiration
Bradycardia
Hypertension

Respiratory arrest
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Adjusted RR of Mortality (95% Cl)
TABLE 2 Risks of Death Associated With Different SBP Percentiles in Children With Isolated Severe TBI

SBP Percentile? Total (n=10473) Death (n= 2388) Mortality Rate (Total = 95% Cl Univariate Multivariate
22.8%), %

RR (95% CI) Adjusted RR (95% CI)
Less than the fifth 732 485 66.3 62.7-69.7 4.1 (3.7-4.6) 3.2 (2.9-3.6)
Fifth—24th 529 212 40.1 30.9-44.4 2.0 (22-29) 2.3 (2.0-2.7)
25th—74th 1539 357 23.2 21.1-254 14 (1.3-1.7) 1.4 (1.2-1.6)
75th—94th 1979 316 16.0 14.4-17.7 1.0 (reference group) 1.0 (reference group)
>95th 0694 1018 17.9 16.9-18.9 1.1 (0.99-1.3) 1.1 (0.96-1.2)

8 SBP by 50th percentile of height.

PEDIATRICS Volume 142, number 2, August 2018:20180594



C - krevni obéh

Normal blood pressure in children: 50th to 920th

» 2 periferni zilni linky percentiles
° Prevence 3 lééba hypOVOlémie Age Systolic pressure, Diastolic pressure,
9 mm Hg mm Hg
 Balancované krystaloidy Birth, 12 hours, | 39-59 16-36
<1000 g
o Casné Va Sopresory Birth, 12 hours, 3 | 50-70 25-45
kg
0 ai 30 dnl' > 40 mmHg Neonate, 96 hours  60-90 20-60
r— Infant, & months 87-105 53-66
31 dni az <1 rok >45 mmHg
Toddler, 2 years 95-105 53-66
= 1 rok <6 let >50 mmHg School age, 7 97-112 57-71
=6 <13 let > 60 mmHg years
Adclescent, 15 112-128 66-88




Myokardialni dysfunkce

* U deti sizolovanym TBI je bézna elevace cTnl
e Elevace cTnl je nezavisla na pohlavi, véku, typu poranéni a tize TBI.

» Tachykardie vzhledem k véku muUze byt znamkou myokardialni
dysfunkce.

* Klinicky vyznam je prozatim nejasny
* Echokg v ramci inicialni stabilizace

Journal of Clinical Neuroscience 76 (2020) 126-133



D - sedace

* Snizeni uzkosti, usnadneéni inicialniho managementu, umele plicni
hypertenze a kontrole nitrolebni hypertenze.

* Mimo indikace lé€by nitrolebni hypertenze a posttraumatického status
epilepticus se udrzovani a vysazovani sedace musi fidit doporucenim
pro béznou populaci kriticky nemocnych deti,

 Sedace ma byt vysazena hned, jak pomine jeji indikace.
* Profylakticka sedace s cilem ,,neuroprotekce® neni indikovana.

* V pripadé nitrolebni hypertenze je indikovana kombinace opioidnich
analgetik s midazolamem.

* Propofol —riziko propofoloveho infuzniho syndromu, davka do
4mg/kg/hod, po dobu max 48 hodin u deti do 16 let



Hemoterapie

Mild and moderate GCS score

* TBI
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Monitoring ICP
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Days after Injury N EnglJ) Med 2012;367:2471-81



Monitoring ICP
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Table 2. Hospital Outcomes

Mean (SD)

MOnitOl‘ing ICP ’ icP ) ( NoicP )
Variable Monitoring Monitoring P Value
Ventilator days 9.2 (8.5) 4.7 (16.7) <.001
ICU LOS 12.6 (10.3) 6.3 (8.7) <.001
Hospital LOS 21.0 (19.5) 10.4 (14.9) <.001
Hospital charges, $ | 49 000 (34 000) 34 000 (25 000) ) .001

Table 4. Stepwise Logistic Regression Results for Mortality Outcome
of ICP Monitoring vs No ICP Monitoring?

GCS Score OR (95% ClI)
0.64 (0.43-1.00)

3

- 1.09 (0.75-1.60)
5 0.59 (0.22-1.56)
6 0.31 (0.78-1.00)
7
8

0.41 (0.16-1.06)
0.20 (0.05-1.73)

JAMA Surg. 2014;149(6):544-548



Monitoring ICP

Levels I and I1
There was insufficient evidence to support a level I or Il recom-
mendation for this topic.

Level I11
To Improve Overall Outcomes. 111.1./Use of ICP monitoring
is suggested.

Changes From Prior Edition. There are no content changes
from the Second Edition to the recommendations. Three new
class 3 retrospective observational studies were added to the
evidence base for this topic (17-19).

Pediatr Crit Care Med 2019; 20:S1-S82



Brain
Monitoring ICP Trauma

FOUNDATION

Level I and Il A
e There was insufficient evidence to support a Level I or IT A recommendation for this
topic.
Level II B
e Management of severe TBI patients using information from ICP monitoring 1s

recommended to reduce in-hospital and 2-week post-injury mortality.






CPP = MAP - ICP
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Monitoring ICP

1. Tézké mozkové trauma s abnormalnim vstupnim CT nalezem (hematom, SAK, kontuze, otok mozku,
presun stfedocary, komprese bazalnich cisteren, herniace).

2. Tézké mozkové trauma s nemoznosti neurologické evaluace (potfeba dlouhodobé sedace).

Potfeba extrakranialnich chirurgickych vykonu u pacienta s téZkym mozkovym traumatem.

4. U pacientl po evakuaci intrakranidlniho hematomu:

a
b
C.
d
e

f.

. S predoperacnim GCS>=5 b.
. Pfedoperacni anizokorii, nebo bilateralni mydriazou.

Pfedoperacni obéhovou nestabilitou.

. Perioperac¢nim nalezem mozkového edému.
. Pfedoperacnim rizikovym CT nalezem - pfitomnosti dalSich lézi, pfesun stfedocary >5 mm, zaslé

bazalni cisterny.
Nalez novych intrakranialnich lézi, nebo progrese mozkového edému na kontrolnim CT.

5. Monitoring ICP neniindikovan v pfipadé normalniho vstupniho CT nalezu, ani v pfipadé CT nalezu
podezrelého z difuzniho axonalniho poranéni (DAP).

Protokol lé¢by TBI KDAR FN Brno



Intrakranialni tlak

* Zahajeni lecby - ICP>20
mmHg po dobu delsi, nez 5
minut.

e Cilem terapie je udrzeni ICP
v hodnotach <= 20 mmHg.

* V pripadé obtizné kontroly
ICP je pripustné udrzovat
ICP v hodnotach <25 mmHg,
pokud je dosazeno
dostatecneho CPP.

Transtentorial herniation




Mozkovy perfuzni tlak — CPP

+ CPP = MAP-ICP

* Cil CPP:
e <5let-40to 50 mmHg
« 5-17 let - 50 to 60 mmHg

* Rozdil v CPP mezi normalni hodnotou a dolni hodnotou
autoregulace je nizSi u kojencu a malych déti, proto je mozna
potreba nizsiho cile ICP



Management nitrolebni hypertenze

* Protokol dle doporuceni

e Terapie prvniho sledu

e Terapie druhého sledu

* Prevence zachvatl

* Osmoterapie

* Terapeuticka hypoterrmie

* Barbituraty
 Dekompresivni kraniektomie



Surgery as

C TBI (GCS < 3)) & Based on CVP, urine output, BUN, serum creatinine, fluid balance, and exam
¥ The timing of instituting first tier therapies depends on many factors such as the level of ICP and the
tempo of disease progression; interventions may need to be bypassed, repeated or initiated concurrently.

Indicated

Continue mechanical ventilation; maintain adequate arterial oxygenation; PaCO, ~
Ensure appropriate intravascular volume status (CVP)3

Maintain Hgb >7 g/dL (minimum); higher levels may be optimal based on advanced monitoring

Phenytoin or Levetiracetam/Consider continuous EEG monitoring throughout the management course
i BEEIN NUTrition as early as feasible and treat hypoglycemia

| CPP Pathway

....... R

Cranial CT

Insert ICP Monitor

Maintain appropriate analgesia/sedation

Maintain normothermia (<38°C)

Treat coagulopathy
Elevate HOB 30°

Maintain CPP

PbrO, Pathway

If PbrO, monitoring
is used maintain

minimum of

Appropriate for age

Minimum 40 mmHg

Confirm appropriate
intravascularvolume
status (CVP) &
Vasopressor infusion
Nolus of hypertonic

saline
4

i ICP Pathway

* ICP 20-25 for > 5 min; more rapidly for ICP > 25 mmHg

** Mannitol could be substituted
# Monitor EEG _

CSF drainage if ventriculostmy present

'ﬁ'

; [ Bolus and/or infusion of hypenomc salme“

£

[ Additional hypertonic salinefhyperosmolar therapy J

— -
/"r?zm
[Yes |

/

4

35 mmHg

If signs and symptoms of herniation
o Pupillary dilation

o Hypertension/bradycardia

o Extensor posturing

Emergent Treatment:

Hyperventilation titrate to reverse pupillary dilation
Fi0,=1.0

Bolus mannitol or hypertonic saline

Open EVD to continuous drainage

Emergency CT

N4

Carefullywean
or withdraw
i ICP, CPP and/or
PbrO, directed
therapy

Neurological
examination
may help guide
weaning or
withdrawal of
therapy and/or
extent of
monitoring

9 Note: When ICP-directed care is deemed tobe
refractory to first tier therapies depends on many
factors such as the level of ICP, the tempo of disease

progression and others.

— Y

To Surgery if
Indicated




Aicp

/"

Consider additional
advanced neuro-monitoring

- A’aﬂ'
: Barbiturate > ; Moderate 3 D

1 Salvageable patient and evidence of expanding mass lesion or swelling on CT

2 Active EEG and no medical contraindications

*No contraindications

4Strongly consider advanced neuro-monitoring for ischemia

® Advance dose of 3% saline or mannitol, or use bolus 23.4% saline. If possible, avoid
serum sodium concentrations of > 160 mEq/L and serum osmolarity of > 360 mOsmi/L

Surgical intervention:

Hyperventilation* Higher levels of




Prevence zachvatu

Posttraumatické konvulze — ¢casné (<7 dni), nebo pozdni (>7 dni).
Déti maji nizsi zachvatovy prah oproti dospélé populaci.
Déti <4 roky musi— EEG monitoring je vhodny prvnich 48 hodin od urazu.

Antikonvulzivni profylaxi je potreba zvazit v pripade pritomnosti rizikovych
faktoru:

* Lokalizace traumatické léze — zejména temporalni lalok.

* Mozkové kontuze

* Impresivni fraktura kalvy

* Pritomnost cizich téles v mozkovém parenchymu

* Penetrujici poranéni

e Subduralni, nebo epiduralni hematom

e Chronicky alkoholismus

* Léekem volby antikonvulzivni profylaxe je levetiracetam v davce 10 mg/kg 2xD
nebo fenytoin vdavce 1,5 mg/kg iv. 3xD.




Osmoterapie

Osmoterapie ma byt pouzita pouze k lécbé nitrolebni hypertenze pri monitoraci ICP.
Pri absenci monitorace ICP pri znamkach nitrolebni hypertenze.

Cilem osmoterapie je dosahnout hyperosmolarniho euvolemickeho stavu. Je
potreba zabranit hypovolémii.

3 % roztok NaCl

* 0,1-1ml/kg (10% NaCl 0,03-0,3 ml/kg), Je mozné zvazit kontinualni podavani v davce 0,1-1
ml/kg/hod.

* Je potfebné udrzet sérovou osmolaritu <360 mmol/l.

20 % manitol

. 0,25-1g/kg (1,25 -5 ml/kg)

* Pridlouhodobém podavani hrozi akumulace manitolu v postizenych mozkovych oblastech a
rebound fenomeén s potenciaci mozkového otoku.

* Vedlejsi diureticky efekt manitolu mUze vést k nezadouci hypovolémii.

* Terapie manitolem ma byt ukoncena pfri elevaci sérové osmolarity >320 mmol/l (riziko
osmotické nefropatie).



Terapeuticka hypotermie

. 7 A4 . 7

vazogenniho edému a snizeni prokrveni redukci mozkoveho
metabolismu.

* Je prokazana efektivita terapeutickeé hypotermie v redukci
nitrolebni hypertenze.

* Pacienti reagujici na TH snizenim ICP muzou mit lepSi progndézu
nezli pacienti nereagujici.

* TH pres uspesnou kontrolu nitrolebni hypertenze v ramci terapie 2.
sledu, vedla ke zhorsenému GOS po 6 mesicich (Eurotherm 3235).

N EnglJ Med 2008;358:2447-56.



Terapeuticka hypotermie

Total Hypothermia Normothermia
Glasgow outcome scale”
Good outcome (scores 1-2) 44176 (59%) 22/38 (58%) 22/38 (58%)
Poor outcome (scores 3-5) 32/76 (41%) 16/38 (42%) 16/38 (42%)
Glasgow outcome scale-extended pediatricst
Good outcome (scores 1-4) 38/75 (51%) 20/38 (53%) 18/37 (49%)
Poor outcome (scores 5-8) 37/75 (49%) 18/38 (47%) 19/37 (51%)

Data are number of patients (%). *Between-group difference (p value=0-90). Between-group difference (p value=0-73).
Despite random assignment, there were missing data for two patients: one patient was lost to follow-up at 3 months,
and Glasgow outcome scale-extended pediatrics datawere missing for one patient in the normothermia group.

Table 3: Secondary outcomes at 3 months after injury

Number of patients

164

14

12

10

15

12

[ Therapeutic hypothermia
[ Normothermia

p=0-24

10

2 3 4 5
GOS score at 3 months

Lancet Neurol 2013; 12: 546-53



Barbituraty

* Bolus tiopentalu lze pouzit ke kontrole akutnich vzestupu ICP.

* Kontinualniinfuze tiopentalu v davce 4 mg/kg/hod — ke kontrole
pretrvavajici nitrolebni hypertenze, jako terapie 2. sledu

* Mimoradné lze davku zvysit az na 6 mg/kg/hodinu.

* Podminkou pouziti barbituratt je obéhove stabilizovany pacient.
PFi pouziti barbituratl je nutné predchéazet a aktivné korigovat

nypotenzi.
* Profylaktické podavani barbituratu u pacientu neni indikované.




Dekompresivni kraniektomie

A GOS-E Results at 6 Mo (primary end point)

Il Dead M Vegetative [l Lower Upper Lower M Upper M Lower M Upper
state severe severe moderate moderate good good
disability disability disability disability recovery recovery

Surgical Group

Medical Group

Percent
B GOS-E Results at 12 Mo (secondary end point)
Il Dead M Vegetative [l Lower Upper Lower M Upper M Lower M Upper
state severe severe moderate moderate good good

disability disability disability disability recovery recovery

Surgical Group

Medical Group

Percent

N EnglJ Med 2011;364:1493-502
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