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10 Leading Causes of Death by Age Group, United States - 2018
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Guidelines for the Management of Pediatric Severe
Traumatic Brain Injury, Third Edition: Update of the
Brain Trauma Foundation Guidelines

Pediatric Critical Care Medicine: March 2019 - Volume 20 - Issue 35 - p 51-582

Guidelines for the Management of Pediatric Severe
Traumatic Brain Injury, Third Edition: Update of the

Brain Trauma Foundation Guidelines, Executive
Summary

* Levels of Recommendations

> Pediatr Crit Care Med. 2019 Mar;20(3):280-289

* Class | = Therapy “must be done”
* Class Il = Therapy “should be considered”
* Class lll = Therapy “may be considered”

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




TBIl u deti

(o]

35 000 déti v USA utrpi tézke TBI (GCS < 8b)

o

Mortalita na tézké TBI je 20%

o

75% déti s polytraumatem ma soucCasné TBI

(o]

80% umrti u polytraumat je v disledku TBI

(o)

Cca 50% pacientu po 6M od urazu ma Spatny neurologicky outcome

TBI patofyziologie
o Primarni poraneni
o Sekundarni poranéni

Hypoxie, hypotenze - hypoperfuze, hypoglykemie, hypertermie, kreCe

Edém vznika do 24-72 hodin od primarniho poranéni



The happiness triangle

The 60 degree rule of sustainable happiness model




Specifika u déti — anatomie

» Hlava

> Velka relativne k télu, kraniotrauma Casté pfi malém insultu (kojenci,
batolata)

> Sirsi subarachnoidealni prostor + otevrene sutury — pojme vetsi
mnozstvi krve (delSi kompenzace do rozvoje nitrolebni hypertenze)

- Malé (existujici) riziko SCIWORA (spinal cord injury without plain
radiographic and CT abnormality) — MRI, klinika

> Prfi popaleniné vetsi plocha vzhledem k télu

» Hrudnik

Elasticky, vysoka compliance — fraktura zeber vzacné, Casto kontuze
s ev-PNO




Specifika u deti — fyziologie

» Vitalni hodnoty se méni s vékem
o Pokles TF, DF, zvySeni TK

» Metabolismus
> Vy8Si energeticky obrat ~ spotfeba kysliku ~ vysSi riziko hypoxie (nutnost oxygenace)
o VeétSi télesny povrch, riziko hypotermie, rozvoj acidozy

» Obéh
- Vy8&Si Cl a vyS$Si SVRI — dité je nastaveno metabolicky a obéhové ,vyse“, ma mensi
prostor pro zvySeni fyziologickych funkci (Cl, TF, SV, SVR).

- SVRI a zdravé srdce dokaze kompenzovat krevni ztratu — hypotenze pfri ztraté 30-45%
intravaskularniho volumu (dekompenzovany Sok)




Fyziologické hodnoty vitalnich funkci

Table 1 - Normal values for age: respiratory rate.

Respiratory rate for age 1 month

Upper limit of normal range 60
Lower limit of normal range 25

Table 2 - Normal values for age: heart rate.

Heart rate for age 1 month

Upper limit of normal range 180
Lower limit of normal range 110

Table 3 - Normal values for age: systolic and mean arterial blood pressure (MAP). Fifth (p5) and fiftieth (p50)
percentile for age.

Blood pressure for age 1 month 1 year 5 year 10 year

p50 for systolic BP 75 95 100 110
p5 for systolic BP 50 70 75 80
p50 for MAP 55 70 75 75
p5 for MAP 40 50 55 55

pro vek 1-10 let
mmHg + 2x vék (roky) STK (p50) = 90 mmHg + 2x vék (roky)
5x veék(roky) MAP (p50) = 55 mmHg + 1,5x vék (roky)
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Initial trauma management in children with severe multiple trauma

Assessment

Management

0 up to 5 minutes

Mobilize trauma resources

Airway - Identify:

Obstruction

Midface fracture/difficult airway
or
Direct airway injury
Breathing - Identify:
Tension pneumothorax
Massive hemothorax
Open pneumothorax
Flail chest
Impaired oxygenation/ventilation
Circulation - Identify:
Absent circulation
External hemorrhage

Signs of shock

Cardiac tamponade

Pelvic fracture

Immobilize cervical spine

Assess vital signs

Open airway, suction secretions
Administer 100% O,

surgical airway

MWeedle decompression; place chest tube
Place chest tube or pigtail catheter
Apply 3-sided occlusive dressing
Perform bag-valve-mask ventilation

Rapid sequence endotracheal intubation

Cardiac compressions, thoracotomy if witnessed arrest
Control external hemorrhage

Secure IV access; obtain laboratory studies

Fluid resuscitation®

Pericardiocentesis followed by thoracotomy

Wrap or bind pelvis




Initial trauma management in children with severe multiple trauma

Disability - Identify:
Endotracheal intubation for rapidly declining or herniation ¥

Elevate head of bed to 307 if no signs of shock

Signs of impending herniation

Exposure - Identify:

Hypothermia Remove clothing

Initiate rewarming




BCDE irways- dychaci cesty
Imobilizace kréni patere

1-2% déti s tupym traumatem Ibi maji poranéni kréni patere

> |Indikace

Vysoce rizikovy mechanismus
Autohenoda (umrti spolujezdce, ¢asteCna nebo uplna katapultace z vozu)
Skoky do vody, axialni mechanismus poranéni patefe
Pad z vysky (cca 3x vysSka pacienta)
Akceleracné/deceleracni mechanismus
Skrtici poranéni (kabel, lano, jiné trakce )
Polytrauma (75% déti ma sou€asné kraniotrauma)

Nalezy pfi fyzikalnim vySetfeni
Porucha védomi (intoxikace,...)
Citlivost na pohmat, bolesti krku
Neurologicky topicky nalez s patologii

dispozicni faktory
C yndromyKlippel-Feil syndrom, Ehlers Danlos syndrom



Imobilizace kréni patere Il

- Kontraindikace rigidniho limce
Pritomnost fixované kréni deformity
Masivni otok krku (zhorSeni prachodnosti DC)
Potfeba provedeni subglotického pristupu do DC

Pokus o nalozeni limce zhorsSi bolest a neurologicky nalez
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BCDE irways- zpruchodnéni DC
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- Klinickeé pfiznaky hypovolémie, hemorhagického Soku

Tachykarie

Zmeéna védomi (neklid, utlum, koma)
Zhorsena/zpomalena odpovéd na bolest

Prodlouzeny kapilarni navrat (rozdil periferni, centralni)

Bleda barva kuze, mottling kiize, studena periferie

Zuzeni pulzniho tlaku (rozdil STK a DTK) < 20 mmHg

Hypotenze — pozdni znamka

- Terapie hemorhagického $oku/ZOKu
|dentifikace zdroje/oSetfeni zdroje krvaceni
Nahrada objemu
Podpora koagulace, cilena terapie pruvodni poruchy €i vyvolavaijici pficiny

Podpora /nahrada organovych funkci



Hemorhagicky sok u deti

Classification of hemorrhagic shock in children!'!

Class I

Class I

Figure | Estimated blood volume in milliliters/kg from preterm infants to childhood. Data from Coté et al.*

Preterm Infant Term Infant Child

W Estimated Blood VolumeTh aneM@m

Obese Child

Class III

Class IV

Blood volume loss™
Pulse rate

Blood pressure
Capillary blanch test
Respiratory rate
Urine output
Mental status

Fluid replacement (3:1 rule)

Up to 15%
Narmal
Normalfincreased
Normal

Mormal

1 to 2 mL/kg/hour
Slightly anxious

Crystalloid

15 to 30%

Mild tachycardia
Mormal/decreased
Positive

Mild tachypnea

0.5 to 1.0 mL/kg/hour

3010 40%

Maoderate tachycardia
Decreased >

Positive

Moderate tachypnea

0.25 to 0.5 mL/'kg/hour

=40%

Severe tachycardia
Decreazed

Fositive

Severe tachypnea

Neglibible

Mildly anxious

Anxious/confused

Canfusad/lethargic

Crystalloid

Crystalloid% blood

Crystalloid% blood

* Assume blood volume to be 8 to 9% of body weight (80 to 90 mL/kg).

o

Shock Index Pediatric-Adjusted (SIPA) — Shock index (heart rate/systolic blood pressure) has been adapted to the pediatric population [51]. For children, the
cutoffs associated with higher morbidity or mortality by age are [52,53]:

* Tto3years-=1.2
* 4to6years-=1.2
* 7to 12 years - =1

* Older than 12 years - =0.9 (adult cutoff)

Shock index = TEPOVA FREKVENCE / STK

Itis superior to age-adjusted hypotension in identifying children that require emergency operation, endotracheal intubation, or early blood trany s e veessso co G o s o
. cee R - . . . Shock index, pediatric age-adjusted (SIPA) is more
SIPA has a high sensitivity but low specificity for predicting the need for blood transfusion, operation and mortality [55].

accurate than age-adjusted hypotension for trauma
team activation

S



Hemorhagicky sok Il - management

o Zastava krvaceni

Komprese do rany
Ev. Zaklampovani tepny — pozor na poranéni nervu s prubéhem podél tepny
Kompresni body — Snizeni pfivodu arterialni krve do oblasti
Nalozeni turniketu
Imobilizace koncCetiny - fraktura (dlaha)




irculation — zilni vstup

* Zilni vstup - trauma, ZOK - 2x PZK
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opean J Pediatr Surg Bep. 2018 Jan;8{1):e59-e62. doi: 10.1055/3-0033-1661407. Epub 2018 Jul 1%

Serious Complications of Intraosseous Access during Infant Resuscitation.

J' Houdek K', Opatrny V1, Fremuth J2, Sasek L2, Tr 1




Hemorhagicky sok - koagulopatie

+ Trauma/Surgery
Tissue Injury

Tissue Factor release ’
= (+) Coagulation

Maodifiable factor ntributin E

- Coagulation factor deficiency :
Consumg tlon TR s ApReEs Systemic
. - Hypothermia -
Coagulopathy - Hypocalcaemia Fypoperivsion

' Thrombomodulin expression
=>» protein C activation =
thrombin generation + fibrinolysis

Fig 1 Pathophysiological factors contributing to coagulopathy duringmassive transfusion. (Modified from Fig. 1 of Diab and colleagues, with permission from BritishJournal
of Haematology, John Wiley and Sons)*

Paediatric massive transfusion
S Blain MBBSL* and N Paterson MB ChB DA FFA FANZCAZ

BJA Education, 16 (8): 269275 (2016)




Hemorhagicky sok Illl - management

> Perzistujici hemorhagie — antifibrinolytika
Tranexamova kyselina:

do 3 hodin od urazu (tupé &i penetrujici poranéni torza, izolované kraniotrauma s GCS < 13)
TXA: 20mg/kg (do davky 1g), dale 15-20mg/kg/8hodin (max. 1g)

o Tekutiny
Balancované krystaloidy: 10ml/kg bolus — kontrola odpovédi, opakovat 10ml/kg bolus
Idealné ohrate tekutiny
Pokud bylo podano 20ml/kg krystaloidu, pfi dal$i potfebé tekutin preferovat podani trans. pfipravku
Reverze hypotenze pfi krevni ztraté vyzaduje cca 3 nasobek objemu krystaloidd vs. krevni ztrata

> Krevni derivaty
Pfi traumatu a hypotenzi po 20ml/kg krystaloidl uvazovat o podani transfuze
Podat skupinovou ER ev. O Rh-
20ml/kg, ohfatou, pretlakem

Masivni krevni ztrata u déti:

> 80 ml/kg/24 hodin (exsanguinace) nebo ztrata > 40ml/kg (50% objemu krve) béhem 3 hodin
> 10% objemu krve / 10 minut

> 3 ml/kg/min

Zivot ohozujici lokalizace (CNS, novorozenci/kojenci — exsanguinace)

PFitomnost laboratornich a klinickych znamek hypoperfuze organu (laktat)




Masivni transfuzni protokol (MTP) — aktivace

The optimal volume trigger for initiating a massive transfusion protocol in children is unknown but some experts use the following weight-based approach:

<5 kg (neonate) - 55 mL/kg

5 to 25 kg (infant) - 50 mL/kg
2 50 kg (child) - 45 mL/kg

=50 kg (adolescent) - 40 mL/kg or 6 units PRBC Cca 40m|/k e krevnich derivétﬁ

> Aktivace MTP
Intenzivista, hematolog, laboratof, transfuzni stanice, transport transf. pfipravk
o Cilem je koncept hemostatické resuscitace
balancovana transfuzni strategie: 1:1:1 (ERB:FFP:TR)
Fibrinogen nad 29/l (50mg/kg substituce)
Ca** nad 1 mmol/l (0,2-0,3 ml/kg 10% Ca gluconicum)
pH nad 7,2 BE pod > -6, laktat < 4
Hb > 80g/l, desticky > 75
APTT/PT <1,5 xnorma, INR < 1,5
Teplota nad 35°C
Uziti TEG, ROTEM

Permisivni hypotenze u penetrujicich poranéni
(x kraniotrauma)




ABCE isability- neurologicky status

Assessment
Disability - Identify:

Level of consciousness (GCS)

Signs of spinal cord injury

Signs of impending herniation

Glykemie, laktat
Exposure - Identify: AMPLE

Hypothermia

Teplota

Endotracheal intubation for rapidly declining GCS, GCS =8 or herniation 1
Elevate head of bed to 30° if no signs of shock

pCO2 drzet 35-38 mmHg (4,6-5 kPa)
Moderate hyperventilation (pC0O5 30t035) P C (2 4-4 6 kPa

Administer osmotic agents |

narmotensne

Remove clothing

Initiate rewarming




Hypoglykemie

Vegetativni priznaky: Tachykardie, poceni, tres, uzkost, hlad

Neuroglykopenie: Bolest hlavy, zmatenost, halucinace, agresivita,
kfeCe, koma

Pozor na pfiznaky u novorozencu: apnoe, bradykardie, hypotermie

Glukoza i.v.

0.2-0.5 g/kg bolus i.v., (max.25g)

10% glu: 2 - Sml/kg , 20% glu: 1 — 2.5 ml/kg, 50% glu: 1ml/kg

Poté kontinualni pfivod: kojenci 5-8 mg/kg/min, vétsi déti 3-5 mg/kg/min

Glukagon s.c.,im. - 20ug/kg u déti, 1mg u dospélych
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- cingulate
(subfalcine)
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(trans-
tentorial)
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ebellar (tonsillar) 4

Transtentorialni herniace
Dilatace zornic, bradykardie
Kontralateralni hemiparéza

Herniace foramen magnum
Nystagmus,
Bradykardie, hypertenze, bradypnoe

Subfalcinni herniace
Unilateraln &i bilateralni svalova slabost

DekortikaCni obraz — postih kortikospinalniho tr.
Capsula interna, pedunculus cerebralni

Decerebracni rigidita
Postizeni kmene/pontu u transtentorialni herniace



TBI(GCS <8 & Based on CVP, urine output, BUN, serum creatinine, fluid balance, and exam
C_ i D ¥ The timing of instituting first tier therapies depends on many factors such as the level of ICP and the

(ra"m cT tempo of disease progression; interventions may need to be bypassed, repeated or initiated concurren
SRR E e * |CP 20-25 for > 5 min; more rapidly for ICP > 25 mmHg
} ** Mannitol could be substituted

z # Monitor EEG ]
BHSEIIHE Care Maintain appropnate analgesia/sedation \ Herniation Pathw“ |
Continue mechanical ventilation; maintain -.adequ-.-rre -metial oxygenation; PalD; ~35 mmHg = e ! ==

/ If signs and symptoms of herniation
! o Puplillary dilation
o Hypertension/bradycardia

—
Surgery as

Indicated

Maintain Hgb >7 g/dL (minimum); hlger I-u.r_ls maay be -:r|:-'|:t '13E hascd on .Jdv.:n:r'd monitoring

Treat coagulopathy o Extensor posturing
Elevate HOB 307
Phemytoin or Levetiracetam/Consider continuous FEG monitoring throughout the management course Emergent Treatment:
Begin nutrition &% early as feasible and treat hypoghlycemia Hyperventilation titrate to reverse pupillary dilation
| e———— --= + - Fi0,= 1.0
ICP Pathwa Bolus mannitol or hypertonic saline
cep PIt"IWI".‘ Maintain CPP Y | Open EVD to continuous drainage
: Appropriate for age TicP9® \ Emergency CT
PbrO, Pathway Minimum 40 mmHg e "
?——PI:I 0 — . *
"15 l.lsl:dm“i mli e I CSF drainage if ventriculostmy present y
minimum of @ T_lch?B -, Carefully wean To Surgery if
e i or withdraw Indicated
Confirm appropriate (e} . - Mk ICP, CPP and/or
: intravascular volume Bolus andfor infusion of hypertonic saline** L _ % PbrO, directed
g ;?\ Vasm':::lfuﬁshn L e
rd;
o et Ilulusofh\rpeﬂnmc Heumlngical
| Raise FiO; ' saline - r = examination
Additional ana esia/sedation may help guide

CﬂltPF‘“‘D .--"‘ ./'/~ !:l.reaningut
(_’ J_phroi) Lo~ P, # withdrawal of

therapy and/or
v Meuromuscular blockade & . /‘ extent of
s Tew> S/ s
Adjust PaCO, e . .
Optimize Hgb @9 _ (LYes )Mo )~ /
. Additional hypertonic saline/hyperosmolar therapy |

@ ' ¢ Note: When ICP-directed care is deemed to be
il Cﬁ?':@ o refractory to first tier therapies depends on many

@ m factorssuch as the level of ICP, the tempo of disease

' . ’ + progression and others.

Second Tier Therap
PY
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. Refractory to first

as i g )
- ‘—m New or sxpanding /" Consider additional

surgical lesion advanced neuro-monitoring
* EEG

: - 4-"" B ‘“‘*-b

Bu malmtervenhnn . = =
- , H“d“m 2 Hypan\‘enﬂlaﬂnn‘f " Higher levels of ~

aarbnurate .

3,8 — 4,5 kPa

'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

fAdvance dose of 3% saline or mannitol, or use bolus 23.4% saline. If possible, avoid
serum sodium concentrations of > 160 mEg/L and serum osmolarity of > 360 mOsmiL




TABLE 1. Updated Recommendations: Monitoring

Topics Recommendations

Intracranial pressure Leveal Il
monitoring To improve overall outcomes
lILL Use of ICP monitoring is suggested.
Advanced Lewel I
neursmonitonng To improve overall outcomes
1. K PbrO; monitoring is used, maintaining a level =10 mm Hg is suggested.
Mote 1. There was insufficient evidence to support a recommendation for the use of a monitor of Po, in brain interstitium
[Pbr0y) to improve outcomes.
Mote 2 Use of advanced neuromonitoring (brain cexygenation) should only be for patients with no contraindications to
invasive neuromonitoring, such as coagulopathy, and for patients who do not have a diagnosis of brain death.,
MNeurcimaging Lewel I
To improve overall outcomes
lIL1. Excluding the possibility of elevated ICP on the basis of a normal initial (0-6 h after injury) CT examination of
the brain is not suggested in comatose pediatric patients.
Il 2. Routinely obtaining a repeat CT scan =24 hours after the admission and initial follow-up is not suggested for
decisions about neurosurgical intervention, unless there is either evidence of neurologic deterioration or increasing ICP

LF = intracramial pressure, Pbnl; = brain tissue oiygen.

Bald indicates new of nevisad recommendations.

TABLE 2. Updated Recommendations: Thresholds

Topics Recommendations

Threshald for treatment of Lewvel 111
intracranial hypertension To improve overall cutcomes
LY. Treatment of intracranial pressure targeting a threshold of = 20 mm Hg is suggested.

Thresholds for cerebral Lewel Il

perfusion pressure To improve overall outcomes
L1 Treatment to maintain CPP at a minimum of 40 mm Hg is suggested.
N2 & CPP target between 40 and 50 mm Hg is suggested to ensure that the minimum value of 40 mm Hg is not
breached. There may be age-specihc thresholds with infants at the lower end and adolescents at or above the upper
end of this range.

Cenehral per TLISIORN pressuns.

> Pediatr Crit Care Med. 2019 Mar;20(3):280-289.




TAELE 3. Updated Recommendations: Treatments

Topics Recommendations

Hyperosmolar therapy Lewvel Il
For ICP contraol
IL.1. Bolus hypertonic saline (3%) is recommended in patients with intracranial hypertension. Recommended
effective doses for acute use range between 2 and 5 mL/kg over 10-20 min.

Lewvel Il

For ICP control
L. Continuous infusion hypertonic saline is suggested in patients with intracranial hypertension. Suggested effective
doses as a continuous infusion of 3% saline range from between 0.1 and 1.0 mL/kg of body weight per hour, administered
on a sliding scale. The minimum dose needed to maimtain intracranial pressure ILP < 20 mm Hg is suggested.
11l.2. Bolus of 23.4% hypertonic saline is suggested for refractory ICP. The suggested dose is 0.5 mL'kg with a
maximum of 30 mL.
Safety recommendation [applies to all recommendations for this topic). In the context of multiple ICP related therapies,
avoiding sustained | ~72 h} serum sodium -mqu is suggested to avoid complications of thrombocytopenia and
anemia, whereas avoiding a sustained serum sodium =160 mEg/L is suggested to avoid the complication of deep vein
thrambosis.
MNote. Although mannitol is commonly used in the management of raised ICP in pediatric traumatic brain injury, no
studies meeting inclusion criteria were identified for use as evidence for this topic.

Analgesics, sedatives Lewel 1

and neuromuscular For ICP control

hlockade HL1. With use of multiple ICP-related therapies, as well as appropriate use of analgesia and sedation in routine ICU
care, avoiding bolus administration of midazolam and/or fentanyl during ICP crises is suggested due to risks of
cerebral hypoperfusion.
MNote 1. In the absence of outcome data, the specific indications, choice, and dosing of analgesics, sedatives, and
neuramuscular blocking agents should be left to the treating physician.
MNote 2. Based on guidance from the US Food and Drug Administration, prolonged continuous infusion of propofol for
either sedation or the management of refractory intracranial hypertension is not recommended.

Cerebrospinal fluid Lewel 111

drainage For ICP control
L. Cerebrospinal fluid drainage through an external ventricular drain is suggested to manage increased ICP.

> Pediatr Crit Care M




Seizure p

Ventilation ther

ontrol

nypothermia

Lewel 11
For seizure prevention (clinical and subclinical]
III 1. Prophylactic treatment is suggested to reduce the incidence of early (within 7 d) PTS.
&t the present time there is insufficient evidence to recommend levetiracetam over phenytoin based on either
Y in preventing early PT5S or toxicity
Lewel Il
To improve overall outcomes

< 30 mm Hg in the initial 48 h after injury is ny ggested.
12 If hyperventilation is used in the management of refractory intracranial hyperte n, advanced neuromonitaring for
evaluation of cerebral i

Lewel Il
To improve overall outcomes
I.1. Prophylactic moderate (32°C to 33°C) hypothermia is not recommended over normothermia to improve
overall outcomes.

Lewel Il
For ICP control

Moderate (32°C to 33°C) hypothermia is suggested for ICP control.
ng 15 initiated, it should be carrie

|r phenytoin is used during hypothermia, monitoring and dosing adjusted to minimize
uring the rewarming pericd, is 5 sted.




TABLE 3. Continued

Topics

Recommendations

Barbiturates

Decompressive
craniectomy

Corticosteroids

Lewel 1N
For ICF control
IL1. High-dose barbiturate therapy is suggested in hemodynamically stable patients with refractory intracranial
hy pertension despite maximal medical and surgical management.
Safety recommendation. When high-dose barbiturate therapy is used to treat refractory intracranial hypertension,
continuous arterial blood pressure monitoring and cardiovascular support to maintain adequate cerebral perfusion

pressure are required because cardiorespiratory instability is common among patients treated with barbiturate coma.
Lewel 1N
For ICP control
IL1. Decompressive craniectomy is suggested to treat neurologic deterioration, herniation, or intracranial hypertension refractory to
medical management.
Lewel Il
To improve overall outcomes
1.1. Use of an immune-modulating diet is not recommended.
Lewel I
To improve overall cutcomes
L1 Initiation of early enteral nutritional support (within 72 h from injury) is suggested to decrease mortality and improve
outcomes.
Lewel 1N
To improve overall outcomes
lIl.1. The use of corticosteroids is not suggested to improve outcome or reduce ICP.

Mote. Recommendation L1 is not intended to circumvent use of replacement corticosteroids for patients needing chronic steroid
replacement therapy, those with adrenal suppression, and those with injury to the hypothalamic-pituitary steroid axis.

> Pediatr Crit Care Med. 2019 Mar;20(3):280-289.



The Pittsburgh Protocol for Pediatric TBI

Once post-resuscitation GCS < 8 is confirmed, do full instrumentation if able (EVD, Licox, Codman). May instrument if GCS is
> 8 and there is concern that intracranial hypertension may develop. If not able to place all devices, EVD is most important.
Limit movement of patients (to CT scan, IR, radiology, etc) once monitors are placed to avoid ICP spikes and dislodging of
devices.

Keep sedated/paralyzed (first-line ICP therapies) for at least 48 hours. Keep sedated/paralyzed throughout cooling and
rewarming of all kids who are made hypothermic. EVD at 10 cm above midbrain and open to drain.

Continuous EEG for all kids while paralyzed.
Keep PaCO2 ~ 32 as baseline. May decrease itif ICP is high and PbO2 is high (theoretically hyperemic phase). May increase it

i;l{égizs low and PbO2 is low (theoretically oligemic phase). Volume control is preferred for smoothest maintenance of
aCo2.
Maintain CPP within age-related norms (>50 for infants under 6 months, > 55 for children under 2 years, > 60 for all others)
using fluids and vasopressors.
ICP spikes (sustained for greater than S minutes over 20 mmHg) treated with stepwise increases in therapy (2 line -
osmolar (mannitol/3%NacCl), pentobarbital) if other causes of ICP spikes ruled out. Don’t give mannitol if serum Osm > 320.
Try not to push serum Na greater than 160s,
If osmolar/pentobarbltal fail, consider surgical options or induced hypothermia off-protocol. Any child (including those

i mothermi ) can be cooled as a rescue therapy for refractory intracranial hypertension,
Only wean ICP therapies after at least 24 hours of stability (no ICP spikes) and after period of maximal swelling. Take most
high-risk therapy away first. Do not change more than one parameter at a time.
Normal saline is required throughout the course. No dextrose in fluids for the first 48 hours unless hypoglycemic (serum
glucose < 70). Start non-dextrose containing TPN on post trauma day 1. Continue intralipids regardless of pentobarbital
dosing. Discontinue intralipids if pancreatitis or hyperlipidemia documented.
Start antiepileptic (fosphenytoin preferred).
Narcotic sedation only (fentanyl preferred). May start methadone later as trying to wean. May use boluses of pentobarbital
if sedation is related to ICP spikes.
Transfuse to keep Hb > 9, INR < 1.5 and platelets > 100K. These goals can be modified based on surgical bleeding risks.

Antibiotics for instrumentation at the discretion of Neurosurgery. Antibiotics for suspected infection at the discretion of
CCM.

Keep both Neursurgery Residents/Fellows/Attendings and CCM Fellows/Attendings aware of all changes in patient status.
Mike Bell will need to check in to determine if Adverse Events/Serious Adverse Events occur that are reportable to relevant
IRBs or DSMBs and to ensure that the protocol is being followed.




ICP Monitoring good or bad in TBI

Virtus! World Congress
WFPICCS 2020
N

Improves management Does not help

Provides a target for * |Increases length of stay

treatment — ICP, CPP [Cochrane Reviews]

ICP monitoring leads to less ¢ Threshold in ICP and CPP

acute kidney injury with unknown

hyperosmolar therapy [Zeng <+ Many therapies lead to better

et al (2013) J Neurosurg] ICP control but no difference
in outcome
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Blood Pressure Thresholds and Mortality in Pediatric
Traumatic Brain Injury
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