
  PICU monitoring with  



Scale of Problem 

• Brain injury kills five times more children than cancer 

• Nearly 25% PICU adm: risk of acute neurological injury 

• High incidence of traumatic brain injury (TBI) 

– In US: 35,000 severe TBI and 7440 deaths/yr (CDC) 

• Apprx 50% poor neurological outcomes at 6 mo 

• Mean age ~ 9 yrs, productive life-years 1.3 million/yr 
PCCM 2011;12:601-2 
Neurotherapeutics 2012;9:3-16 
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CPP above :  70? ....65?... 

Set thresholds: Is it wise? 

CPP may be low; ICP<15 mmHg 

Too high CPP: hyperaemia 
 
 
 

Too low CPP: ischaemia 



Cerebrovascular Dynamics in Children 
• Age/gender related differences: ICP, CBF, CA 

• LLA may not be lower in lower age groups 

• Association of autoregulation with outcome 

• Impaired CA in 29-63% paediatric TBI 

 

 

Pediatr Neurol 2008;38:225-34 

Age-related changes in mean flow velocity of middle 
cerebral artery (VMCA) in both genders, cerebral 
blood flow (CBF), cerebral metabolic rate of glucose 
(CMRglu) (Adult values: VMCA ∼ 50 cm/sec, CBF 50 
ml/100g/min, CMRglu 19-33 μmol/100g/min)  



 





• N=12 (8 survivors) 



 



 



 



 



Sample Size calculation  

• Based on our paediatric TBI experience  

 

• Mean (± SD) PRx of 0.03 ± 0.13 for favourable outcome and  
mean (± SD) PRx of 0.10 ± 0.17 (SD) for unfavourable outcome  

 

• One sided analysis, favourable: unfavourable ratio of 0.77 
(80% power and alpha error of 5% & allowance for losses 
(protocol violations, withdrawal of consent, or loss of FU) 

  

• Total: 135 patients.  

 





• Multicentre UK study: 10 sites 

– 135 patients over 3 years with one year follow-up 

– Objectives:  

• Primary: Optimal PRx with 12 mo outcome (GOSE peds) 

• Secondary: Optimal CPP 

• Research Database 



• 16 years or younger admitted to PICU 

• TBI confirmed on CT or MRI 

• Clinical requirement for monitoring ICP &ABP 

• No exclusion criteria 

• Consent for Follow-up before hospital discharge 

 



 
 
 STARSHIP: Sites  

Cambridge University Hospitals (Sponsor) Dr Shruti Agrawal (CI) 

Birmingham Children’s Hospital Dr Hari Krishnan 

Great Ormond Street Hospitals Dr Harish Bangalore 

Leeds Children’s Hospital Dr Santosh Sundarajan 

Manchester Children’s Hospital Dr Gayathri Subramaniam 

Nottingham Children’s Hospital Dr Dusan Raffaj 

Oxford University Hospitals  Dr Avishay Sarfatti 

Royal London Hospital Dr Simona Lampariello 

Sheffield Children’s Hospital Dr Anton Mayer 

Southampton Children’s Hospital Dr Oliver Ross 



Progress (8th September 2019) 

• Software licensing fee for ICM+ waivered for study 

• Hardware supplies by Academic Neurosciences, Cambridge 

• Study live from 1st July 2018, 10/10 sites set-up and recruiting 

• 53 patients recruited, 2 refused consent, 2 technical problems 

• Collaboration with KidsBrainIT. 

 



Plateau waves in children 

• 42 TBI patients 16 years old and younger  

• Plateau waves:  

– ↑ICP > 40 for at least 5 minutes  

– Mean ICP < 25, 30 min prior to plateau wave  

– ↓ CPP > 15 from before to during plateau  

– ↓ ICP < 25, in 30 min following the plateau wave.  



Plateau waves as frequent as in adult TBI. 

Associated with ↑ ETCO2 or ↑/↓ MAP. 

Short-lived plateau did not affect prognosis 





                  

P1 P2 P3 P4 P5 P6 P7 P8 P9 

17 32 65 20 1 23 22 43 55 

P10 P11 P12 P13 P14 P15 P16 P17 P18 

67 20 142 27 29 7 35 2 0 

P19 P20 P21 P22 P23 P24 P25 P26 P27 

1 19 188 55 2 15 0 14 17 

Acta Neurochir Suppl. 2018;126:147-151. doi: 10.1007/978-3-319-65798-1_31. 

Simultaneous Transients of Intracranial Pressure and Heart Rate in Traumatic Brain 
Injury: Methods of Analysis. 
Dimitri GM1, Agrawal S2, Young A3, Donnelly J4, Liu X4, Smielewski P4, Hutchinson P3, Czosnyka M4, Lio 

P1, Haubrich C5,6. 

https://www.ncbi.nlm.nih.gov/pubmed/29492551
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Advanced Neuromonitoring in PTBI 

• 10 patients > 3 years old with severe TBI  

• Triple bolt: ICP, PBtO2 and microdialysis catheter 

• Glucose, lactate, pyruvate, glutamate and glycerol 









Transcranial Doppler 
• Non-invasive  

• Used in paeds TBI for autoregulation and blood flow 
measurement 

• Figaji et al: 52 patients severe TBI 

– Autoregulatory index (ARI) after increasing ABP by 20% 

– Found correlation with ICP, PbtO2 

• Vavilala et al: 36 patients with severe TBI 

– ARI and MCA flow velocity measured 

– Good correlation of loss of autoregulation & outcome 

J Neurosurg Pediatrics 2009;4:420-8 
J Neurotrauma 2009. 10.1089/neu.2008.0770 





NIRS measurements 
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