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Epidemiyolojl

» Olumeciil gocuk yaralanmalarinin ytizde 70'i
* TBI sikhgi yuz binde 48-280

3 yastan sonra erkek cocuklar, Kiz cocuklardan daha fazla TBI ya
maruz kaliyor

* Yaralanmalar yaygin olarak erken gocukluk (0-2 yas) ve adolesanlarda
(15-18 yas) olmak Uzere bimodal dagilim gosteriyor

 TBI yillik olarak 475.000 ¢cocugu ve 2600'den fazla TBH ile iligkili
olum 5000 sakatlik

» Dusme ve motorlu arag¢ kazalari yaralanma nedenlerinin buyuk kismini
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United States

1. Brain Trauma Foundation: Guidelines for the management of pediatric severe traumatic brain injury, 3rd
edition (2019)

2. American Academy of Pediatrics (AAP): Clinical report — Sports-related concussion in children and

adolescents (2018)

American College of Radiology (ACR): ACR Appropriateness Criteria on head trauma (2016)

Brain Trauma Foundation: Guidelines for the management of severe traumatic brain injury, 4th

edition (2016)

5. eCenters for Disease Control and Prevention (CDC) and American College of Emergency Physicians
(ACEP): Updated mild traumatic brain injury quidelines for adults (2016)

6. Neurocritical Care Society (NCS): Position statement on recommendations for the critical care management

of devastating brain injury — Prognostication, psychosocial, and ethical management (2015)

ACR: ACR Appropriateness Criteria on head trauma — Child (2014)

Brain Trauma Foundation: Concussion guidelines (2014)

Choosing Wisely: Avoid ordering a brain CT or brain MRI to evaluate an acute concussion unless there are

progressive neurological symptoms, focal neurological findings on exam or there is concern for a skull

fracture (2014)

10.Choosing Wisely: Don't administer steroids after severe traumatic brain injury (2014)

11.Choosing Wisely: Don't routinely obtain CT scanning of children with mild head injuries (2014)

12. American Academy of Neurology (AAN): Summary of evidence-based guideline update — Evaluation and
management of concussion in sports (2013)

13. American Medical Society for Sports Medicine (AMSSM): Position statement on concussion in sport (2013)

14. American College of Surgeons (ACS): Statement on concussion and brain injury (2012)
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Europe

1. European Federation of the Neurological Societies (EFNS): Guidelines on mild traumatic brain
injury (2012)

United Kingdom

1. National Institute for Health and Care Excellence (NICE): Clinical guideline on head injury —
Assessment and early management (2014, updated 2019)

2. oNICE: Quality standard on head injury (2014)

3. eFaculty of Sport and Exercise Medicine (FSEM): Position statement — Concussion
management (2013)

Australia-New Zealand

1. eAustralian Institute of Sport (AlS), Australian Medical Association (AMA), Australasian College of Sport
and Exercise Physicians (ACSEP), and Sports Medicine Australia (SMA): Position statement on
concussion in sport Australia (2019)

2. eMurdoch Children's Research Institute (MCRI): Clinical practice guideline for the management of
communication and swallowing disorders following paediatric traumatic brain injury (2017)
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1. e[In Japanese] Choosing Wisely Japan: When someone strikes his/her head, when is a CT examination
necessary, and when is it not needed? (2016, updated 2017)

2. eo[In Japanese] Choosing Wisely Japan: When a child strikes his/her head, when is a CT inspection
necessary, and when is it not necessary? (2016)
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2003, 2007,2014 VE 2019 guncellendi
Bu kilavuzda c¢ocuklar, kafa travmasi ile hastaneye basvurduklari sirada 16 yasindan kuguk

hastalar ve bebekler olarak 1 yasindan kucukler olarak tanimlanmistir.



Bu kilavuzda kullanilan terimler

1.1 Hastane oncesi degerlendirme, tavsiye ve hastaneye sevk
1.2 Olay verinde acil yonetim ve hastaneye nakil

1.3 Acil serviste degerlendirme

1.4 Klinik olarak onemli beyin hasarlarinin arastiriimasi

1.5 Servikal omurgadaki yaralanmalarin arastiriimasi

1.6 Aileler ve bakicilar icin bilgi ve destek

1.7 Hastaneden ileri merkeze sevk(Noroloji, Beyin cerrahi)

1.8 Kabul ve gozlem

1.9 Taburculuk ve takip
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* Antikoagulan tedavi goren hastalar

* CT kafa taramasi icin baska endikasyon olmaksizin kafa travmasi
gecirmis ve antikoagulan tedavi goren hastalar (yetiskinler ve
cocuklar) icin, yaralanmadan sonraki 8 saat icinde bir CT kafa taramasi
gerceklestirin

* Taramanin yapilmasindan sonraki 1 saat icinde gecici bir yazili
radyoloji raporu hazir bulundurulmahdir

e Supheli travmatik intrakraniyal kanamasi olan kisilerde warfarin
antikoagulasyonunun tersine cevrilmesi hakkinda tavsiye
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* Bu giincellenmis versiyon, cocuklarda konklizyonun kanita dayali
yonetimindeki en son gelismeleri

* Concussion in Sport Group tarafindan 2016 Consensus Conference'ta
sunulan en son kanitlar

e Konkiizyon taninmasi, dogru yonetim ve daha fazla yaralanmanin
onlenmesi icin kritik 6neme sahiptir.

e Sporda Sarsinti Grubu'nun 5-12 yas arasi cocuklar icin

* Artan miktarda kanit, 6zellikle ergenlerin daha uzun iyilesme
yasayabilecegini gdstermektedir.



Diagram 6: Concussion management flow chart - off field

Diagram 5: Concussion management flow chart - on field . ) S - :
(for emergency departmeants and medical clinics]

[for medical practitioners]

Athlete with Athlete with
suspected concussion suspected concussion
l |
Signs of concussion: History suggesting concussion:
Loes of consciousness Balance disturbance/mator - Trauma - Balance disturbancemotor
Selzure or tonic posturing incoorgination - Loss of consciousness incoordination
Canfusion, disorientation Dazed, blankfvacant stare - Seizure - Confusion, memory impaimment
Memary impairment Behavicur change, not themselves - Headache - Emotionally labile
I - Drowsiness - Visual disturbance
[ ] - MNausea’vomiting
YES MO |
| | [ |
Athlete concussed YES NO
N Rermove for sideline concussion
Imrnediate and perrmanent remaoval . | |
frarm part assessment
B SCATS SCATS
| | Meurological examination Meurological examination
SCATS I
Evidence of structural intracranial R .
athology or pinal iniur Meurological exarnination [ | 1
pa Qy or sp Uy Use of video assessment if available
[professional sport] Mormal Abnorrial Mormial
YES NO | |
| Monitar and No suspicion Medical investigations Instigate return to
SCAT & Evidence of Mo evidence of reassessas M of intracranial f any suspicion of spart protacal
Neurclogical examination concussion COonCUssion appropriate pall'l:\lcg_y or ntracranial :.al_hul:\g\,- ar Clear instruction
| | 3 spinal injury spinal injury to stop sport and

return for further

assesament, if

any symptoms
subszequently develop

Permanent
' 5 copes A2 AnDrOnMate
Monitor and reassess az appropriate M remnaval from sport

Signs of neurological deterioration: Athlete may be returned to

Worsening headache sport but must be closely | | |

Emotionally labile mn:ltz.;cu.:c:.::“ '3'-":'I':‘*r'rl'j§ natigate return to nvestigations narmal Investigations abnormal
zigns cuggion of . e

Altered level of consciousness d sport protocol ance |
rmore serious head injury symptom free

Womiting . . ) =

_ i Reassess at half time/full Clear instruction Specialist referral

Focal neurological signs tirme to stop sport and

+

If any =igns of concussion return for further
assessment if

develop, the athlete rmust ==
any symptoms
subsequently develop

Immediate referral to B
— be permanently remaoved
emergency department
from sport
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GUIDELINES FOR THE MANAGEMENT OF PEDIATRIC HEAD INJURY IN
ALASKA

2011-2015 yillari arasinda Alaska Eyalet Travma Kayitlari, 0-4 yas arasi cocuklarda 164
yarali, 5-14 yas arasi ¢cocuklarda 143 yarali ve 15-17 yas arasi cocuklarda 57 yarali 364
pediyatrik izole kint kafa yaralanmasi kaydetmistir

289'u (% 79.4) hafif kabul edildi ve Glasgow Koma Olcegi (GCS) 14 veya 15 idi.
Kalan% 10.7 (39) orta dereceli, GCS 9-13 ve% 6.3'0 23) siddetli, GCS 3-8 olarak
tanimlanan; bilinmeyen bir GCS kaydedilmis 13 yaralanma vardi.



Algorithm: Alaska Pediatric Head Blunt Injury Guidelines

GCS 15 GCS 14 GCS 9-13 GCS 3-8

@ Intermediate Risk

UNDER 2yo
Non frontal scalp hematoma
LOC = 5 secs
Abnormal behavior per parents
Severe injury mechanism
Fall = 3 ft
Head strike by high impact object
Bike /ped vs vehicle w/o helmet
2-17yo
Vomiting
LOC = 5 secs
Severe Headache
Severe mechanism

Fall= 5ft
MVA w/ejection rollover or
fatality
Head strike by high -impact
object
Bike/ped vs. vehicle w/o

helmet

UNDER 2yo
Altered mental status
Palpable skull fracture

Suspected NAT

2-17yo
Signs of basilar skull
fracture
Agitation
Slow response
Repetitive questions
Somnolence
Suspected NAT

Discussion with
parents: CT vs clinical
observation**

OBSERVATION

NO CT

Clinical Reassessment
NEEDED .

Discharge with head injury

h 4
CT of Head
Spinal motion restriction
Cspine evaluation/

imaging****

Neurosurgery
teleconsult .
Images sent

sheet and responsible adult
e i e

and available
for review

No risk factors

Observe 2 hrs or

Secure airway
Elevate head of bed
Spinal motion
restriction
Avoid hypotension
Avoid hypoxia
Maintain normocarbia

direct to CT scan

Clinical
observation **

IMPROVED

GCS 15 B Gl EETSIV S

Discharge with

head injury
sheet and

responsible
adult ***

NOT IMPROVE D&

Prevent hypoglycemia
and hyponatremia

CT scan of Head/
cspine
if doesnt delay
transport
Send images
for review.

CT of Head
Spinal motion
restriction
Cspine

evaluation /
imaging****

Normal CT
Head

Abnormal
CT head

Clinical

observation
4

NOT IMPROVED Consult

Transfer to Trauma
Center with pediatric Trauma
and neurosurgery service
capability. &
Peds
intensivist

Consult Trauma
service
& Neurosurgery

Peds intensivist teleconsult.

Images sent and available for review
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Pediatric Head Injury- under the age of 2 {Virginia Hospital

Center)
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EvidencEDCare | Pediatric Head Injury-CT Guidelines EMA
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CHILDREN YOUNGER THAN 2 YEARS

* GCS<I5 * Scalp hematoma (excluding frontal)
* Palpable skull fracture * LOC >5 seconds

* AMS (agitation, somnolence, * Not acting normally per parent

slow resporse, repetitive * Severe mechanism of injury
questoning) - Fall > 3ft

- MVA wiejection, rollover, or fatality

- Bike/ped vs. vehicle w/o helmet
- Struck by high-impact object

Observation vs. CT using
shared decision-making

Yes to Any

Intermediate Risk - 0.9%

Clinical factors used 1o guide decision-making
* Multple vs. isolated factors

* Worsening findings during observation

. (AMS, headache, vomiting)

High Risk- CT not indicated, * Physician experience ¥

4.4% risk of ¢i-TBI* Observe * Paremal preference

* <3 months old

Low Risk - <0.02%

*o-TBE risk of chnically importane TBI needing acute intervention, based on PECARN valikdated peediction rules
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Pediatric Head Injury- 2 years and older (Virginia Hospital Center)

[

EvidencEDCare | Pediatric Head Injury-CT Guidelines |  EMA
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* GCS<I5

* Signs of basilar skull
fracture

* AMS (agitation, somnolence,
slow response, repetitive
questioning)

Yes to Any

High Risk-
4.3% risk of ci-TBI*

CHILDREN 2 YEARS AND OLDER

* Vomiting
* LOC
* Severe headache
* Severe mechanism of injury
- Fall > 5ft
- MVA wiejection, rollover, or fatality
- Bike/ped vs. vehicle w/o helmet
- Struck by high-impact object

Observation vs. CT using
shared decision-making

Intermediate Risk - 0.8%9

Cinical factors used 1o guide decision-making
* Multple vs. isolated factors

* Worsening findings during observation
. {AMS, headache, vemiting)
CT not indicated, * Physcian experience

Observe * Parental prefarence

Low Risk - <0.05%

*ci-TBE risk of cinically importane TBI needing acute intervention, based on PECARN validated prediction rules
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THE REGISTER OF THE NEWUROSURGICAL MEME

Bu Uguncu baskiya toplam 48 yeni ¢alisma dahil edildi

Guidelines for the Mianagement of
Pediatric Severe Traumatic Brain
Injury, Third Edition: Update of the
Brain Trauma Foundation Guidelines,

Executive Summary @

Patrick M Kochanek, MD, MCCM, Robert C Tasker, MA, MD, FRCP,
Mancy Carney, PhD, Annette M Totten, PhD B8, P David Adelson, MD,
Mathan R Selden, MDD, PhD, Cynthia Davis-O Reillly. BS,

Erica L Hart, MST, Michael J Bell, MD, Susan L Bratton, MD, MPH ...
Show more

Newrosurgerny. volume 84, Issue 5, June 2019, Pages 1189-1178,
hittps://doi.org/10. 1093/ neuros/ nyz051
Published: 02 March 2019 Article history «

literatGran tanimlanmasi, degerlendirilmesi ve sentezini

iceren sistematik inceleme
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« 2010'dan Haziran 2017

» Seviye | tavsiyeler, yuksek kaliteli bir kanit
» Seviye |l tavsiyeleri, orta kalitede bir kanit
» Seviye lll tavsiyeler, dusuk kaliteli bir kanit

NEUR v}SURGERY

STER OF THE NEUROSURGICAL MEME



Beyin travmasi vakfi kurallar

« Pediatrik hastalarda ciddi travmatik beyin hasarinin tedavisi igin
revize edilmis kanita dayali onerileri

* Bu guncelleme, 9'u yeni veya onceki basimlardan revize edilmis
22 oneri icerir

» Norogoruntuleme, Hiperozmolar terapi, Analjezikler ve
Sedatifler, Nobet profilaksisi, Sicaklik kontrolt / Hipotermi ve
Beslenme konularinda yeni oneriler sunulmaktadir

» Seviye | oneri 0, seviye Il, 3 oneri ve seviye |l 19 Oneri

THE REGISTER OF THE NEWUROSURGICAL MEME




* Hiperosmolar tedavide 2 oneri

* Analjeziklerde, Sedatifler ve Noromuskuler blokajda 1
« Nobet profilaksisinde 1

 Sicaklik kontrolunde 2

* Beslenmede 1 oneri icerir

NEUR&SURGERY

TER OF THE NEUROSURGICAL MEME




Izleme

* Seviye Ill Genel sonuclariiyilestirmek icin ICP izlemesinin kullaniimasi
onerilir

* Seviye Il Genel sonuclari iyilestirmek icin PbrO2(beyin dokusu oksijeni) izleme
kullaniliyorsa(Yeterli Kanit yok),> 10 mm Hg seviyesinin korunmasi onerilir

 Seviye lll Normal bir baslangic temelinde (yaralanmadan 0-6 saat sonra)
yuksek ICP olasiligl hari¢ tutuldugunda, komadaki pediatrik hastalarda
beynin BT incelemesi 6nerilmemektedir

e 24 saat sonra kontrol(Nirolojik bozulma veya artan [CP kaniti olmadig siireg) dnerilmez



Hiperosmalar tedavi

o Seviye Il 1. |CP kontrolii bolus hipertonik salin (% 3) dnerilir Akut kullamim igin dnerilen etkili dozlar, 10-20
dakika boyunca Z ile o ml / kg arasindadir

 Seviye Il 1. ICP olan hastalarda surekli inflizyon hipertonik salin 6nerilir

* % 3 salin siirekli inflizyonu olarak 6nerilen etkili dozlar saatte 0.1 ila 1.0 mL / kg viicut
agirhgi arahgindadir

* Intrakraniyal basinci ICP <20 mm Hg'yi korumak icin gereken minimum doz énerilir
* Seviye Il 2. Refrektar ICP icin bolus hipertonik salin dnerilmektedir
e Serum Na degerinin 160 altinda tutulmasi komplikasyonlari azaltir

* Mannitol, pediyatrik travmatik beyin hasarinda artmis ICP'nin yonetiminde yaygin
olarak kullanilmasina ragmen, bu konu icin kanit olarak dahil edilme kriterlerini
karsilayan hicbir calisma tanimlanmamistir



Analjezikler, Sedatifler ve Niromiiskiiler blokaj

« Seviye lll I. rutin, beyin hipoperfiizyonu riskleri nedeniyle ICP krizleri sirasinda
midazolam ve / veya fentanilin bolus uygulamasindan kaginilmasi dnerilmektedir

e FDA rehberligine giire, sedasyon veya direncli intrakraniyal hipertansiyon tedavisi igin
uzun sireli siirekli propofal infizyonu @nerilmez

- |Ik sedatif / analjezik tedavi icin bir benzodiazepin-opiat
kombinasyonunun kullanimini desteklemektedir




BOS Drenajl

o Seviye Il 1. Artrms CP'yi yinetmek igin harici bir ventrikiiler dren yoluyla beyin omurilik
sivisi drenaji dnerilmektedir,



Nobet profilaksisi

« Seviye Il 1. Nibetin inlenmesi igin Erken dinemde (7 giin iginde) PTS insidansini
azaltmak igin profilaktik tedavi dnerilmektedir

« Su anda, erken PTS veya toksisiteyi anlemedeki etkililige dayali olarak, [evetirasetamin
tenitoine qire dnerilmesi igin yeterli kanit bulunmamaktadir.



Ventilasyon

« Seviye lll |. Yaralanmadan sonraki ilk 4d saat iginde PaClZ <300 mm Hg'ye profilaktik siddet];
hiperventilasyon dnerilmemektedir

o /. Direncli intrakraniyal hipertansiyonun tedavisinde hiperventilasyon kullaniliyorsa, serebral
iskeminin degerlendirilmesi igin ileri ndromonitdrizasyon dnerilir



Sicaklik Kontrolli/Hipotermi

* Seviye Il 1. Genel sonuclari iyilestirmek icin profilaktik orta (32 ° Cila
33 ° C) hipotermi, normotermiye gore onerilmez

* Seviye Il 1. ICP kontrolii icin orta (32-33" C) hipotermi dnerilir

* Hipotermi kullanilirsa ve yeniden isitma baslatilirsa, komplikasyonlari
onlemek icin her 12-24 saatte bir 0,5 ° Cila 1,0 ° C arasinda veya daha
yavas yapilmalidir

* Hipotermi sirasinda fenitoin kullanilirsa, 6zellikle yeniden i1sinma
doneminde toksisiteyi en aza indirmek icin ayarlanan izleme ve
dozlama onerilir



Barbitiiratlar

o Seviye lll LICP Yiksek doz barbitiirat tedavisi, maksimum tibbi ve cerrahi tedaviye
ragmen refrakter intrakraniyal hipertansiyonu olan hemodinamik olarak stabil hastalarda

tinerilmektedir

e [.0. Barbitirat koma ile tedavi edilen hastalar arasinda kardiyorespiratuar instabilite
vayagin oldugundan, yeterli serebral perfiizyon basincini korumak igin sirekli arteriyel kan
basinci izleme ve kardiyovaskiiler destek gereklidir



Dekompresit kraniyektomi

« Seviye lll 1. ICP kontrolii igin Tibbi tedaviye yanit vermeyen nirolojik bozulma,
herniasyon veya intrakraniyal hipertansiyonu tedavi etmek igin dekompresit kraniyektomi
inerilmektedir



Beslenme

« Seviye Il 1.Mortaliteyi azaltmak ve sonuclari iyilestirmek igin erken enteral
beslenme desteginin baslatiimasi (yaralanmadan sonraki 72 saat iginde)
inerilmektedir

o Seviye Il Bagisiklik dizenleyici bir diyet kullaniimasi tavsiye edilmez



Kortikosteroidler

o Seviye Il .Genel sonuclari iyilestirmek igin Kortikosteroidlerin kullammi ICP'yi
azaltmak icin dnerilmemektedir

* Yetmezlik harig
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Management of Pediatric Severe Traumatic
Brain Injury: 2019 Consensus and
Guidelines-Based Algorithm for First and
Second Tier Therapies



Surgery as

C TBI (GCS £ 8)) & Based on CVP, urine output, BUN, serum creatinine, fluid balance, and exam
W The timing of instituting first tier therapies depends on many factors such as the level of ICP and the

Indicated

Baseline Care

D PR Rt =

Cranmial CT

Insert ICP Monitor

# Monitor EEG

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

Maintain appropriate analgesia/sedation

Continue mechanical ventilation; maintain adequate arterial oxygenation; PaC0, ~35 mmHg

Maintain normothermia (<38°C)
Ensure appropriate intravascular volume status (CVP)3

Treat coagulopathy
Elevate HOB 30°

Begin nutrition as early as feasible and treat hypoglycemia

L ICP Pathway

_—
CPP Pathway | mMaintain CPP
Appropriate for age
PbrO, Pathway Minimum 40 mmHg
If PbrO, monitoring
is used maintain
minimum of
> 10 mmHg
Confirm appropriate
intravascular volume
status (CVP) &
Vasopressorinfusion
Bolus of hypertonic
saline

Vasopressor
infusion
Adjust PaCO,
Optimize Hgb

>

[ Additional hypertonic saline/hyperosmolar therapy ]

\

&

Herniation Pathway

© Pupillary dilation

¢ Hypertension/bradycardia

© Extensor posturing

Emergent Treatment:
Hyperventilation titrate to reverse pupillary dilation

FiO;= 1.0

Bolus mannitol or hypertonic saline
Open EVD to continuous drainage

Emergency CT

tempo of disease progression; interventions may need to be bypassed, repeated or initiated concurrently.
* ICP 20-25 for > S min; more rapidly for ICP > 25 mmHg
** Mannitol could be substituted

{ If signs and symptoms of herniation \

e

Carefullywean
or withdraw
ICP, CPPand/or
PbrO, directed
therapy

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

h 4

J

¢ Note: When ICP-directed care is deemed to be
refractory to first tier therapies depends on many
factors such as thelevel of ICP, the tempo of disease
progression and others.

* ¢Second Tier Therapy 4

w To Surgery if
Indicated
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surgical lesion advanced neuro-monitoring

Surgery as i - s
At A 4— | YES | [Ne‘” or °"pa“d'“9] /~ Consider additional

Surgical intervention:

NEMmove imiass icsion

'Salvageable patient and evidence of expanding mass lesion or swellingon CT

2 Active EEG and no medical contraindications

*No contraindications

4 Strongly consider advanced neuro-monitoring for ischemia

S 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 mOsm/L







