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Monitoring and Pediatric Trauma Center



Sum of the square of the three main affected organs

Level I pediatric trauma center: Injury Severity Score > (12)16

(Hochspezialisierte Medizin, HSM; CH)



WHO, World report on road traffic injury prevention 2004





Emami et al, 2017, J Neurosurg 2017

Glasgow Coma Scale (GCS) and mortality

Clinical examination



• Primary survey (AcBCDE) – Resuscitation

„Treat first what kills first“

• Secondary survey

• Emergency treatment

• Definitive Care

Trauma - structured approach



Treat first what kills first - AcBCDE

• Ac: Airway and cervical spine stabilization

• B: Breathing

 Normoventilation, DOPES

• C: Circulation

 No signs of shock in isolated TBI

 Abdominal injuries possible even with intact skin

• D: Disability: Neuro Status

• E: Exposure

undress the child



©Neubauer T. Unfallchirurgie, Wilhelminenspital

Ac: Trauma - Immobilzation



Ac: Spinal Cord Injury



Ac: Spinal Cord Injury



Leonard JV et al. Lancet Child Adolesc Health 2024



Ac: Spinal Cord Injury



• A normal cervical spine X-ray does not exclude an injury 

(SCIWORA)

• Cervical Spine CT within 1 hour

Initial GCS <13

Intubated

Peripheral focal neurologic signs

Limb Paraesthesia
NICE: National Institute of Health and Care Excellence 

• Methylprednisolon:

30 mg/kg <8 (3)h injury,

than 5.4 mg/kg/h for 24 hours

Bracken MB et al. NASCIS II J Neurosurg 1992, NASCIS III J Neurosurg 1998; JAMA 1997; Cochrane Database 2012; 

Shann F. Drug Doses; Davis T. ADC Educ Pract Ed 2014 

Ac: Spinal Cord Injury





D: Herniation Pathway

irrespective of high ICP y/n



CVP 4-10 mmHg

MAP 50th percentile

SBP >70 +(2 x age in years) by

• fluid bolus

• vasopressors 



1 cm H2O=  0,73 mmHg

MAP: Nicht klar definiert ist die Höhe 

der arteriellen Messung: 

auf Herzhöhe od. Foramen Monroi  

©U. Klingkowski

Cerebral Perfusion Pressure (CPP)

CPP=MAP-ICP



Pressure reactivity index (PRx) 

Correlation coefficient of MAP and ICP

    response of ICP to changes in arterial blood pressure 

PRx: negative or near zero

    any rise in MAP lead to inverse change in ICP (and CBV)

normal cerebrovascular bed 

PRx: positive 

non-reactive vascular bed
Tasker RC in Fuhrman & Zimmerman (eds). Pediatric Critical Care 5th ed 2017

Monitoring



Individual trends are most important…  Refractory intracranial hypertension (2) 
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Both PRx and Mx show the U-shape relationship with 
mean CPP (200 patients !). 
This indicate that for low CPP and CPP above 90 mm 
Hg both autoregulation and pressure reactivity are 
defective. There is an ‘optimal’ CPP from 70 to 90 mm 
Hg which helps to restore vascular functions after 
head injury 

Steiner LA at al. Continuous monitoring of cerebrovascular pressure reactivity allows determination of optimal cerebral perfusion pressure in 
patients with traumatic brain injury. Crit Care Med. 2002 Apr;30(4):733-8.  

Optimal CPP- oriented therapy 

‘Optimal’ CPP 
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Optimal CPP- oriented therapy 
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Optimal CCP – oriented therapy



ADC: apparent diffusion coefficient

diffusion of water molecules to 

generate contrast in MR images

high ADC: vasogenic edema

low ADC: cytotoxic edema,     

    ischemia

Frontiers Neurol 2015    

Neuroimaging

https://en.wikipedia.org/wiki/Contrast_(vision)


Tasker R. Pediatr Diabetes 2014; Watanabe M. Radiology 2013; Wijman CAC. Ann Neurol 2009

Neuroimaging

ADC: normal values (650–700 × 10−6 mm2/sec)

ADC: prognosis

Percentage of brain volume with an ADC <650

 <3% good outcome

 >20%: poor outcome



Kochanek P et al. Pediatr Crit Care Med 2019; 20:280–289

Head Injury - Recommendations

Level I: none

Level II: one is supportive

Bolus hypertonic saline is recommended…

two for avoiding 

prophylactic moderate hypothermia is not recommended...

use of immune-modulating diet is not recommended...

Level III: 19





Case 

10a, female,

vomiting w/o diarrhea, lethargy, polyuria, polydipsia 

VS: T 37.80C, HR 75, RR 20, RR 80/40-55, SpO2 92, GCS 13





Case 

Diagnose

 A: Meningitis

 B: Gastroenteritis

 C: Diabetische Ketoazidose

 D: Trauma

 E: weder A - D



Case 

10a, female,

vomiting w/o diarrhea, lethargy, polyuria, polydipsia 

VS: T 37.80C, HR 75, RR 20, RR 80/40-55, SpO2 92, GCS 13

pH 6.89; BE -26mmol/L; pCO2 23mmHg, sodium 133mmol/L, glucose 368mg/dL 



Case 

10a, female,

vomiting w/o diarrhea, lethargy, polyuria, polydipsia 

VS: T 37.80C, HR 75, RR 20, RR 80/40-55, SpO2 92, GCS 13

pH 6.89; BE -26mmol/L; pCO2 23mmol/L, sodium 133mmol/L, glucose 368mg/dL

Fluid: 2x maintenance, insulin: 0.02E/kg/h because of low blood glucose

GCS 8

after 7h: pH 7.16; BE -24mmol/L; pCO2 12mmHg, sodium 128 mmol/L, glucose 306mg/d



General cerebral edema 

pH 7.17; BE -13 mmol/L; pCO2 29mmHg, sodium 122 mmol/L, glucose 330mg/dl 



Fluids:

Maintenance: 3000mL/m2/d, 0.9% NaCl

Potassium phosphate (K2HPO4) 0.15 mval/h + KCl; Insulin 0.1 U/kg/h 

NaCl 3% 8x3mL/kg over 10h, Mannitol 0.5g/kg

after 4 hours:

pH 7.31, sodium 133 mmol/l, glucose 195mg/dl 

after 8 hours:

pH 7.36, sodium 132 mmol/l, glucose 119 mg/dl 

DKA and cerebral edema



DKA and cerebral edema

2 Na+ + (Glucose, mg/dl:18) + (BUN mg/dl:2.8) 



DKA and cerebral edema

2 Na+ + (Glucose, mg/dl:18) + (BUN mg/dl:2.8) 

Hyperglycemia, the brain generates "idiogenic osmoles" which draw water back

Due to (too) early insulin therapy, extracellular glucose falls (too fast) wheras idiogenic osmoles 

remain constant. 



DKA and cerebral edema

2 Na+ + (Glucose, mg/dl:18) + (BUN mg/dl:2.8) 

Hyperglycemia, the brain generates "idiogenic osmoles" which draw water back

Due to (too) early insulin therapy, extracellular glucose falls (too fast) wheras idiogenic osmoles 

remain constant. 



Case #3

8yrs, boy

Headache, hemiparesis upper right limb, right central palsy of 7th cranial nerve,  

    Babinski right, changing consciousness

Admission within 2hrs

VS: T 36.8oC, HR 90min-1, BP 130/80mmHg, RR 15min-1, SpO2 96%, GCS 14

Medical history: chickenpox 2 mo ago

BSR 3/10, CRP normal



Case 

Diagnose

 A: Meningitis - Lumbalpunktion

 B: Bildgebung - konventionelles CT - Lumbalpunktion

 C: „wait and see“

 D: Bildgebung – MR mit Angiographie

 E: weder A - D





Benseler S. Curr Opin Rheumat 2003; Askalan R. Stroke 2001; Moriuchi H. Pediatr Infect Dis J 2000

Stroke – Risk Factors

1:15.000 of pts with varicella or in 30% of pts with stroke

Infection V/I 

VZV infection in the last 12 mo

Unilateral stenosis of one great vessel

VZV-PCR a/o VZV IgG pos in LP

Prognosis: neurological deficit in 80%; stroke recurrence in 45%



Stroke – Risk Factors

Risk of recurrence 

• Perinatal Stroke: recurrent stroke risk <1% 

• Childhood Stroke: recurrent stroke risk is 15-18% 

• Children with cardiac disease/arteriopathy may have up to a 

increased risk of recurrence (even five fold on antithrombotics)





Stroke alert system
 Boston Children´s 82 min

≠ LKHF 19min

 



©Hughes N, PEM course, Boston 2024
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