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[A emhoyn evoc aAlou arto touc 6L cuvduaopouc]

[kol avtikataotaon Aoyoturou adstac ornou auto £xel umel (oeA. 1, ogA. 2 kat teAsvutala)]

e Etaupelital amo tnv we avw adsta UALKO Ttou TteplhapuBavetal
oTLC SLadAVELEC TOU HOBAUATOC, KOl UTTOKELTAL 0€ AAAOU
Tumou adsla xprnonc. H adsla xpriong otnv omoia UTTOKELTOLL
TO UALKO aUTO avadEpeTal pnTwC.



Xpnupatodotnon

* To mapov eKMALSEUTIKO UALKO £XeL avamtuxBel ota mAaiola
ToU eKTtadeuTIKOU £pyou Tou dlbaokovTa.

* To €pyo «Avolkta Akadnpaikad MaBripata oto MavemntotAuLo

KpnNtne» €xel xpnuatodotnoel povo tn avadltapopdwon Tou
eKTIALOEVUTIKOU UALKOU.

* To €pyo vAoroleital oto nAaiolo tou Emuxelpnotokou
Mpoypappoatoc «Eknaidevon kat Ala Blou MaBnon» ko

ouvyxpnuatodoteital ano tnv Evpwnaikn Evwon (Evpwraiko
Kowwviko Tapeilo) kat armo eBvikol ¢ topouc.
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MepwkAng M. 48 sTwv

Tpoyxaio pe dikukAo, epdaveic ekOOPEC O€ MPOOWTIO,
KOPMO KOl OVW AKPA, XwpPLC epdavn alpoppayla,
bEPEL OKANPO KOAApo avyxeva amo to EKAB
Aptnplokn rtiteon 95/60, oduelc 110/A

Avoarvogc 12/\, KOPECUOC apTnNPLAKOU allpatoc 98%
ue xopnynon 100% o&uyovou

Aev eTiLkolvwVEeL, dev amavta og AeKTKA epeblopata,
o€ emwduva epediopato avolyeL T HATLA XWPLE va
LLLAGLEL KOl ATTOCUPEL TOL AKPQL



Epwtnpota

e EKTLLNON TNCG VEUPOAOYLKNC ELKOVOLC TOU
acBevouc pe tnv KAtpoka Maockopnc

* Mota eival n evoeLtn StaocwAnvwonc tou
acBevoulc



KAtpaka MaokwBnc

1 2 3 4 ) 6
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Evdeieic StaocwAnvwonc

* Yrootnplen aepaywyou
— Alatapaywv ernedou ocvveibnong (GCS<9)
— Tpavpua / Eykavpo
— Avaykn yla xopnynon avaicOnotog
e YrootnpLen avtaAlaync oepiwv
— ZoBapn urtoéuyovatlpia mouv dev O(V'EOLT(OKpLVETOLL o€

xoprwr]cn o&uvovou LLE armAn paoka, otov avtedvUKVELTaL
N QTTOTUYXOVEL O UN-ETIEUBATIKOC UNXOVIKOC OLEPLOUOC

— ZoBapn umepkamvia 0Tav avtedVUKVELTAL I ATIOTUYXAVEL O
LLN-ETIEUBATIKOC LNXOVLKOC OLEPLOUOG

— Kapdloavarmveu otk avaKoTn
— ZoBapn apoduvapkn aotabela



APXLKN OLVTLUETWTLON

* O aobBevnc StaocwAnvwvetal

* [MpoypOUUATI(ETAL ATTELKOVLOTLKOC EAEYXOC YL
1o KNZ, T0 Bwpaka kot tnv KolAlo (e
UTTOAOYLOTLKN Topoypadia, KaBwC Kol ATTAEC
aktwvoypadiec de€lov avw akpou ylati
LUTTAPXEL UTToP Ll KATAYLOTOC KEPKLOOLC

IXpeLalstal kamola AAAN ameKOvVIon?



C-spine

Technically adequate radiographs ofthe cervical spine are essential to avoid missed injuries.
Most missed spinal injuries occurin the upper and lower cervical regions, areas that are often
not well visualised on poor quality films

If a patientis alert and stable, taking an appropriate history, carrying out a clinical examination,
and using guidelines such as the Canadian cervical spine rules allow safe and reliable risk
stratification to guide decisions about radiographic tests

Computed tomography ofthe cervical spineis an appropriate first line investigation in patients
with suspected spinal injuries who have altered mental status, distracting injuries, or
neurological deficits. It should also be considered in patients with multisystem trauma or
severe head injury, which have a high incidence of cervical spine injuries

Magnetic resonance imaging provides excellent visualisation of ligament and cord injuries if
the patient is stable enough to be safely scanned. It may also provide valuable information in
patients with an acute neurological deficit




MopLopO ATTELKOVIOTIKOU EAEYXOU

KNZ: OV emiokAnpidlo kat uTtookANPLOLO OULUATWOL
OelLa peTwToBpeYUATIKA Kol TIOANOTTAEC
QLULOPPAYLIKEC ODAACELC LLE TIEPLECTLAKO oLldNpa
OWPAKAC: ULKPEC ATEAEKTAOLEC OTLC PAOCELC

KowAld: pukpo umokap Lo atpdtwpo oto omAnva,
Xwplc eAeVBepo aepa, EAAYLOTO LYPO

Odnyeital 0To XELPOUPYELO VLA OVTLUETWTILON:
adalpeon TOU AULUATWHATOC KOL KPOVIEKTOMN



Etcaywyn otn MEOG

* MopakoAoUBnon: aptnplokn riieon (105/60) kot

oduéelc (87), HKI, kopeopOC apTnpLotkou
aipatoc (98%) ...

* KataotoAn pe propofol, remifentanyl

e Agpla atpatoc (FiO2 30%) kat epyactnpLako

PO2 97 Na 144 Ca** 2 Hb 11.4
PCO2 38 K 4,2 P- 1,2 Hct 36.2
pH 7.39 Cl 109 Lact 1,5 WBC 11700
HCO3 24 Mg* 0.9 Alb g/dl | 3,8 PLT 145000




Epwtnpota yia tov acbevi

Mota elvol n Baoikn ameltAntikn yio th {wr KOUKwWon
TOU a.0Bevouc

Nwc ekTipdtal n fapvtnTo TNG KAKWONCS Tou acBevouc

Tt aAANo xpelallOPOOTE YLA TNV TtapakoAouBnon tou
acBevouc
[Molol elval ol BepareuTIKOL OTOXOL YLOL TNV APTNPLAKN

riiteon, avtaAAayn aspiwv kat Oepuokpacia tou
acBevouc

AvaAuon aeplwv ailpatoc



Epidemiology

At least 1.4 million people sustain a TBI.
Approximately 50,000 people die from a TBI.

Approximately 475,000 TBIs occur among infants,
children, and adolescents aged 0-14 years.

About 80,000-90,000 people experience the onset of a
long-term disability due to a TBI.

CDC



Groups at particular risk

 Males are about twice as likely as females to
sustain a TBI.

* Infants and children aged 0-4 and adolescents
aged 15-19 years are the 2 age groups at
highest risk for a TBI.

* Adults aged 75 years or older have the highest
rates of TBI-related hospitalization and death.



Primary brain injury

Primary injury is induced by mechanical force and occurs at the
moment of injury The primary impact to the brain and skull may
cause bony fractures, intracranial haematomas, brain contusion,
axonal injury and disruption of the blood-brain barrier.

Secondary brain injury
Secondary brain injury occurs as a consequence of cerebral
ischaemia and inflammatory and cytotoxic processes.



Primary injury

e 2 main mechanisms

e Contact (eg, an object striking the head or the
brain striking the inside of the skull) Primary
injury due to contact may result in injury to the
scalp, fracture to the skull, and surface
contusions



Primary injury

* Acceleration-deceleration. Primary injury due to
acceleration-deceleration results from
unrestricted movement of the head and leads to
shear, tensile, and compressive strains. These
forces can cause intracranial hematoma, diffuse
vascular injury, and injury to cranial nerves and
the pituitary stalk.



Intracranial hematomas

e Epidural hematomas
 Subdural hematomas
e Subarachnoid hematomas



Epidural Hematomas

* These are usually caused by fracture of the
temporal bone and rupture of the middle
meningeal artery. With epidural hematomas,
clotted blood collects between the bone and
the dura. Because the source of bleeding is
arterial, this type of hematoma can grow

quickly and create pressure against the brain
tissue.




Epidural Hematoma




Subdural Hematomas

e Rupture of the bridging veins in the subdural
space.

e They can grow large enough to act as mass
lesions, and they are associated with high
morbidity and mortality rates.



SUBDURAL HEMATOMA




Subarachnoid hemorrhage




Brain contusions

Contusions are distinct areas of
swollen brain tissue



Coup- contra coup injury




Diffuse axonal injury (DAI)

* One of the most common and important
pathologic features of TBI. It constitutes
mostly microscopic damage, and it is often not
visible on imaging studies. The main
mechanical force that causes DAl is rotational
acceleration of the brain, resulting in
unrestricted head movement..



Classification of severity of TBI

e Mild GCS 14-15
* Moderate GCS 9 -13
 Severe GCS 8 and below



Monitoring

e Cardiovascular: CVP, urine output
* Respiratory: ABGs
* Neurological: ICP



Intracranial pressure - ICP

* |ndications for monitoring:
- GCS <10

— CT findings ,Blood in 3rd ventricle local injury
need for surgical intervention

- GCS 10-12
* Age >40
» Pathologic posture



Methods for ICP monitoring

* |Intraverticular
* |Intrecranial
e Epidural

+CPP = MAP —ICP
‘¢ Target CCP 65-70 mmHg



MNpwwvn evnuepwon MEO 8.30mtp
AocBevnc NepikAnc M., etcaywyn x0&c to Bpadu

* Ymo kataotoAn pe propofol, midazolam, remifentanyl, pe
ayyeloouomnooTika (vopadpevaAivn) 0,1ug/kg/min

dlatnpet aptnplakn mieon 115/62, o Ara unmoBepuia
350C

e ExeL teBel evdomapeyXULATIKOC KABETNPOC LETPNONC
evOoKpaAVLOU Tileonc pe apykn tun ICP 14

A T elvat n mieon dinBnonc tou eykedpaiou (cerebral
perfusion pressure CPP), tolec elvail ot PUCLOAOYLKEC
TLEC, KOlL TTOLAL N TLUA TNG oTov aoBevn



Ektipnon tov acBevouc 10.00mtp

* Me tnv 1dla KATaoToANR, MoPOUCLAEL TITWON
TILEONC ME AVEAVOULEVN OVAYKN YL
OYVELOCUOTIOOTIKA

» [MBavec altiec ook otov aobevn
a. Ttumoc— attia (1 mbavn)
b. SlayvwoTtikn poogyyon (1n e€€taon)



20K OE MOAUTpOUMOTLOL

OOK alTia CVP test
Kapdioyevég OAdon yuokapdiou U/S kapdiag
ATTOQPAKTIKO [TveupovIKA €UBOAN U/S kapdiag

YTTOOYKQAIUIKO

Alpgoppayia

AIMATOKPITNG

AvaKaTavOuNG

Noipwen TpauuaTog

& a2 =

KAAAIEPYEIEG




Ektipnon tov acBevouc 17.00mtp

H owtia tng atpoSuVa KNG aoTABEeLaC
QVTIUETWTILOTNKE

AN 110/60, odutelc 65, Bepuokpaocia 350 C

e |ICP 25
* Nea epyaotnplokad & aEpLo olLpOToC
(Fi0230%)
PO2 97 Na 132 Ca*t 2 Hb 11.1
PCO2 38 K 4.2 P- 1,2 Hct 34.2
pH 7.39 Cl 109 Lact 1,5 WBC 13700
HCO3 |24 Mg+ 0.9 Alb g/dl | 3,8 PLT 135000




Secondary injury

* May occur hours or even days after the inciting
traumatic event

* Impairment or local declines in cerebral blood flow
(CBF) after a TBI due to local edema, hemorrhage, or
increased intracranial pressure (ICP)

* Cerebral ischaemia inflammatory and cytotoxic
processes.



Cerebral ischemia

* [ncreased resistance to CBF driven by the
formation of brain oedema, microvascular
pathology, focal compression by haematomas
or by cerebral vasospasm. TBl is also
associated with a loss or impairment of
cerebrovascular autoregulation. This means
that CBF becomes directly proportional to the
cerebral perfusion pressure (CPP).



~

FIGURE 4.

. Distruption BBB
CBF autoregulation curve

= 80,

=)

— ISCHEMIA

=

E 50

E

[

@ 20 . ; . .
& 20 80 100 140 180

MAP (mmHg)

CBF becomes pressure passive above a MAP of 140 mmHg and <60 mmHg
as the arterioles cannot constrict or vasodilate any further to maintain
consistent flow.

CBF=cerebral blood flow; MAP=mean arterial pressure.

Gardner CJ, Lee K. CNS Spectr. Vol 12, No 1. 2007.




Brain oedema

* Cytotoxic

* Vasogenic



Cytotoxic Brain oedema

* Cellular cytotoxicity is the initial mechanism of
oedema formation, whereby fluid
accumulates within cells following the
breakdown of cell membrane sodium-
potassium ATPase pumps.



Vasogenic

* Vasogenic oedema results both from the
disruption of the blood-brain barrier
(commonly occurring 48 hours after TBI) and
from brain hyperaemia. The result is
extravasation of fluid into the brain
parenchyma.



Consequences of brain oedema
and intracranial hematomas

* Monroe-Kelly doctrine’

* Any increase in the volume of one of the
skull’s internal components (e.g. parenchymal
swelling through oedema formation) will
cause intracranial hypertension once
compensatory mechanisms are exhausted..



Compensatory mechanisms

* displacement of CSF into the spinal
subarachnoid space

* increased CSF absorption
* reduced CSF production



Cerebral Pressure-Volume Relationship

Pressure

Volume
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Brain Herniation




Secondary injury -mechanisms

Microcirculation

Glutamate

ncrease in intracellular Ca ( trigger for injury)
Decrease in ATP and increase lactic acid
Death




Cytotoxic and inflammatory

processes

Release of excitatory amino acids (e.g.
glutamate),

influx of excessive calcium ions into cells
via glutamate-mediated ion channels,

injury mediated by oxygen-free radicals,

accumulation of neutrophils, lymphocytes
and macrophages, and the deposition of
amyloid protein.



H BAaBn tou eykepalov = Sepsis-
like Syndrome

Energy failure Peri-infarct
depolarization
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Haemodynamic phases after
traumatic brain injury
* Hypoperfusion phase (phase 1; day 0)

 Hyperaemia phase (phase 2; days 1 to 3)

e Vasospasm phase (phase 3, days 4 to 15)



Management

Airway
Breathing
Circulation

Neuroprotection
— Avoid secondary injury

Sa02 > 95%
MAP >90 mmHg
PaCO2 38-40
CPP 65-70mmHg
T<37C

Head 300



Neuroprotection from
Secondary injury

Decrease metabolic rate
Decrease O2 Demands

Sedation
Hypothermia
Hyperosmotic therapy(?)



Protective mechanisms of
Hypothermia

* Decrease in CMRO2
* Avoid BBB distraction
* Decrease 5-7% of metabolic rate/ 10C



Ektipnon tou acBsvouc 22.00pp

* Me ouvinpnTtkAa HEoa N EVOOKPAVLOC TIlEoN LELWONKE LOVO

rnapodLKA Kal Twpa ival 45

* 0 VEOC QTTELKOVLOTLKOC EAeyxoc Le CT eykedalov £6¢le
emidelvwon tou odnuatoc, pe e€aleupn twv

nepLoteAexLloiwyv Se€aEVWVY Kol EYKOAEAOHUO TOU OTEAEXOUC

* NeupoxelpoupyLkn ektipnon: aduvatn omoladnmote vea

nopepfoon
* Qplata dStovupnon 800ml/h tic teAeutaieg 2h

PO2 97 Na 157 Ca** 2 Hb 11.4
PCO2 |38 K 4,2 P- 1,2 Hct 36.2
pH 7.47 cl 111 Lact 1,5 WBC 11700
HCO3 |24 Mg+ 0.9 Alb g/dl | 3,8 PLT 145000




Factors are associated with a
poorer prognosis

o GCS (the lower the worse)
o Increased age (above 45 years)
o Additional injuries
o Co-morbidities
o Duration that ICP >20 mmHg
o Management in a non-neurosurgical centre



AcBevnc MNepwkAnc M.
4" uépa otn MEG

e Alpoduvaplka otaBepoc, EKTOC KATOOTOANC,
OE UNXOVLKO QLEPLOMO XWPLC OLKEC TOU
npoonaBelec, emnimeda KATOUOTOAATIKWY
dopuaAKWY pNOEVLKA

» TL KOVOUE TwpO?



Awayvwon eykepaAikou Bavatou

TABLE 1. CLINICAL CRITERIA FOR BRAIN DEATH
IN ADULTS AND CHILDREN.

Coma

Absence of motor responses

Absence of pupillary responses to light and pupils at midposition with
respect to dilatation (4—6 mm)

Absence of corneal reflexes

Absence of caloric responses

Absence of gag reflex

Absence of coughing in response to tracheal suctioning

Absence of sucking and rooting reflexes

Absence of respiratory drive at a PaCO, that is 60 mm Hg or 20 mm Hg
above normal base-line values*
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Ot dokipaocieg eykepaAikou
Bavatou £ylvav Kot mLoTonotnOnke
0 eykePaALKOC Bavoartog

TiI KGvoupue Twpa?



Organ Donor

Evaluation of Stability and Echocardio-

graphic Assessment:
Monitor up to the Mean arterial pressure, =60 mm Hg and

. Yes —— ive-d '
t f 1 Vasoactive-drug requirement,
me o procuremen =10 ug/kg/min (DA, DOB) and
Urinary output, =1.0 ml/kg/hr and
Left ventricular ejection fraction, =45%
Instability No
- Optimize volume
Fluids / pressors / inotropes
¥
Hormone-Replacement Therapy
Bolus Infusion
Triiodothyronine 4.0 pg 1.0 ug/lhr
or
Thyroxine 20 g 10 ug/hr
and
Methylprednisolone 15 mg/kg Repeatin 24 hr
Vasopressin 1u 0.5-4.0 U/fhr
Insulin 10 U [50% dextrose) Maintain glucose
between 80 mg/dl
and 150 mg/d|
(minimurm insulin rate,
1 U/hr)




TéAo¢g Evotntac

EMNIXEIPHEIAKO MPOrPAMMA
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