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Objectives:
Discuss neurosurgical topics 
commonly seen in the care 
of a pediatric ICU patient



Disorders of Pediatric Neurocritical Care (PNCC)

TBI 
Epidural, subdural, cerebral contusion, subarachnoid hemorrhage, diffuse axonal injury, penetrating TBI 

Seizures and Status Epilepticus 
Epilepsy, complex febrile seizures, secondary seizures to CNS injury (TBI, malignancy, infection) 

Ischemic Stroke 
Sinus Venous thrombosis 
Metabolic Stroke 
Ruptured arteriovenous malformations 
Infectious Encephalitis and Meningitis (bacteria, viral, fungal, mycobacterium) 
Autoimmune encephalitis and encephalomyelitis (Post-infectious autoinflammation, ADEM) 
Intracranial abscess and empyema 
Cerebral Edema Secondary to Metabolic and Endocrine Diseases (diabetic ketoacidosis, ammonia, Na fluctuations, 
mitochondrial) 
Hypoxic Ischemic Injury 
Hydrocephalus 
Intracranial neoplasms 



PNCC Service History

• 1932 - Dr WE Dandy developed a post-operative neurosurgical unit at JH


• 1940-50s - polio epidemic led to hospitals opening critical care units in 
Europe and North America


• 1955 - 1st PICU opened in Sweden at Children’s Hospital of Goteberg


• Several different types of care models have emerged over the last few 
decades



Neuromonitoring

• Preventing secondary injury 
remains major goal of modern 
neurocritical care


• Hypotension, hypoglycemia, 
intracranial hypertension and 
seizures


• Physical Exam, imaging, EEG, 
ICP and brain oxygenation 
measurements



Physical Exam 

• GCS 3-15 with modified scale for 
infants and small children. Not 
really validated outside of trauma 
patients and does not correlate 
with airway protective reflexes. 


• FOUR Score (Full Outline of 
UnResponsiveness)* - eye, motor 
response, brainstem reflexes and 
respirations - comparable but not 
superior. 

1.  Czaikowski BL, Liang H, Stewart CT. A pediatric FOUR score coma scale: interrater reliability and predictive validity. J Neurosci Nurs. 
2014 Apr;46(2):79-87. doi: 10.1097/JNN.0000000000000041. PMID: 24556655.



Imaging

• Physical Exam + GCS or FOUR Scores = > Decision for Neuro 
imaging


• CT - remains primary tool to detect neurologic emergencies yet 
concerns for radiation exposure and development of malignancy. 
Incidence of 1 new malignancy case for every 1,000 to 10,000 CT 
scans in children younger than 15 years of age.* Dose attenuation 
protocols exist now. Excellent for bony fractures and acute bleeding.


• MRI - fast sequence or rapid MRI with shorter scanner times. 
Excellent tool for hydrocephalus and repeat/follow-up neuro trauma 
imaging. Susceptibility and FLAIR (fluid attenuation inversion 
recovery) modes superior for acute hemorrhage, edema, DAI


• XR - Spinal alignment/instability, craniocervical injuries


• TCDs - TransCranial Dopplers to assess for auto regulation and 
vasospasm
*Miglioretti DL, Johnson E, Williams A, Greenlee RT, Weinmann S, Solberg LI, Feigelson HS, Roblin D, Flynn MJ, Vanneman N, Smith-Bindman R. The use of computed tomography in 
pediatrics and the associated radiation exposure and estimated cancer risk. JAMA Pediatr. 2013 Aug 1;167(8):700-7. doi: 10.1001/jamapediatrics.2013.311. PMID: 23754213; PMCID: 
PMC3936795.



Cerebral Oximetry and Perfusion

• Jugular venous O2 (SjO2) - used to monitor 
global O2 extraction. Utility in PICU?


• NIRS - Near InfraRed Spectroscopy - sensor 
applied to forehead of patient with 
measurements of underlying cortical surface by 
filtering out overlying skin and subcutaneous 
tissue. 


• Partial pressure of brain tissue - PbO2 - values 
< 10 mm Hg can be associated with unfavorable 
outcomes. Limitation is only selective to focal 
area of tissue.  


• Cerebral perfusion pressure = MAP - ICP  => 
CPP versus ICP driven therapies?



EEG

• Of children admitted to the hospital with a 
neurological diagnosis, more than 50% 
may have seizures as primary diagnosis


• Clinical vs. subclinical seizures


• After TBI, 12% of seizures occur within the 
first 7 days following injury with risks 
secondary to injury severity, age, and 
abusive head trauma.`


• Nearly 1/3 of children under 2 years of age 
with abusive head trauma will have 
subclinical seizures. Role of cEEG is vital 
for care and work-up



CNS Emergencies in PNCC

• Disorders of elevated ICP and compromised 
CPP - ideal ICP threshold for treatment in trauma 
patients.  Shunt obstruction from underlying 
communicating or obstructive hydrocephalus


• Seizures and status epileptics - < 1 year old 
baby with abusive head trauma


• Cerebral ischemia from embolic and thrombotic 
stroke - much less common than traumatic or 
seizures. Estimated incidence of 1-2 cases per 
100,000 per year.  


• Infectious and non-infectious CNS inflammation


• Hypoxic injury - cardiac arrest, drowning, 
strangulation 



Pediatric Spinal Trauma

• Spinal fractures, ligamentous and spinal 
cord injuries


• SCI in pediatric population < 4% incidence 
of the overall SCI population. 17-30 years 
old remains highest ( >50%). Higher risk of 
developing scoliosis long term


• Craniocervical injuries in younger children 
due to larger head size and surface area 
compared to body


• SCIWORA - sports injuries or Child abuse 


• Bracing versus surgical intervention



Case Examples 



Case 1 

• 7 year old 1st grade boy 
who presents with several 
months of progressive 
ataxia, intermittent 
syncopal episodes, 
headaches, and hand 
tremors


• PE: Awake, macrocephalic 
with OFC 59 cm, 
cerebellar dysmetria, 
ataxia



Case 2

• 13 year old male involved in 
rollover MVC at high speed 
where he was unrestrained, 
pinned and extricated by 
EMS.


• GCS 5  = E1 V1 M3 on arrival 
and intubated immediately. 
Right pupil 6 mm and non-
reactive, left pupil 3 mm - 
reactive





Pupillometry
• Measurement of fluctuations in pupillary size in 

response to a light stimulus 
• Automated tool to improve clinical accuracy and 

detect smaller changes that may lead to sooner 
interventions* 

• Neurological Pupil Index or NPi = 0 - 4.9 -> 
algorithm with size, latency, constriction velocity, 
dilation velocity compared to normative data 

• Normal pupillary responses > 3.0 
• Abnormal < 3.0 
• More than 70 published articles in academic, peer 

reviewed journals
*Aoun, Salah G.; Stutzman, Sonja E.; Vo, Phuong-Uyen N.; El Ahmadieh, Tarek Y.; Osman, 
Mohamed; Neeley, Om; Plitt, Aaron; Caruso, James P.; Aiyagari, Venkatesh; Atem, Folefac; Welch, 
Babu G.; White, Jonathan A.; Batjer, H. Hunt; Olson, Daiwai M. (2020). "Detection of delayed cerebral 
ischemia using objective pupillometry in patients with aneurysmal subarachnoid hemorrhage". Journal 
of Neurosurgery. 132 (1): 27–32. doi:10.3171/2018.9.JNS181928. PMID 30641848. 
S2CID 58575267.

https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.3171%2F2018.9.JNS181928
https://en.wikipedia.org/wiki/PMID_(identifier)
https://pubmed.ncbi.nlm.nih.gov/30641848
https://en.wikipedia.org/wiki/S2CID_(identifier)
https://api.semanticscholar.org/CorpusID:58575267


Case 3
• 4 month old infant with progressively 

worsening irritability, increasing head 
circumference, and looking down more.  



Subdural drain placement and then 
eventual placement of subdural 

peritoneal shunt



Questions ?


