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Cerebral palsy (CP) 

 Definition 

 a static lesion occurring in the immature brain that leaves children with 

a permanent motor impairment 

 

 The motor disorders of CP are often accompanied by disturbances of 

sensation, perception, cognition, communication, and behavior, by 

epilepsy, and by secondary musculoskeletal problems. 

Cerebral palsy, Miller Fisher 2002 

Physical Medicine and Rehabilitation, Braddom, 5th edition  



CP, Epidemiology 

 Prevalence 

 2-2.5 per 1000 liver births 

 Changed very little over the past 40 years, despite treatment advances 

 ↑incidence from survivors of NICU 

 ↑very low birth weight & very early gestation 

 ↑Multiple births,↑maternal age 

 

 Patterns of CP  

 ↑diplegia & spastic quadriplegia 

 ↓hemiplegia & athetosis  



Risk factors of CP 

 Prenatal factor : >75%  

 Most important factor : prematurity (GA <37wk) 

Physical Medicine and Rehabilitation, Braddom, 5th edition  



Perinatal Brain Injury, Neuropathology 

1. Hypoxic-ischemic encephalopathy (HIE) 

 

2. Germinal matrix-intraventricular hemorrhage 

    (GMH-IVH) 

 

3. Bilirubin encephalopathy 

 



Hypoxic-Ischemic Encephalopathy 

 brain injury caused by the combination of inadequate 
blood flow and oxygen delivery to the brain 

 

 acute intrapartum event sufficient to cause neuronal injury 
evidenced by (AAP and ACOG) :  

    - Metabolic acidosis (pH <7.0 and base deficit ≥12) in fetal  

       umbilical cord arterial blood , 

    - Need for respiratory support also starting in the first minutes, 

    - Low Apgar scores longer than 5 minutes. 

    - Neonatal neurologic sequelae (eg, seizures, coma, hypotonia) 

    - Multiorgan failure (eg, kidney, lungs, liver, heart, intestines) 



HIE - Etiology 



HIE - Pathophysiology 

 Cerebral injury and neuronal death 

 The underlying pathophysiology of perinatal HIE is difficult to study in the 

human, thus the neonatal rat model for HI brain injury has been developed 

to model this human condition. 

 Much of what we know is derived from studies conducted in animal models. 

 Models of Developmental Brain Injury and Therapy, 

Dev Neurosci 2017;39:124–140    



Hypoxic-ischemic insult 

 

 

↑cardiac output 

↑blood flow to all organ 

Redistribution,  

Blood directed to vital 
organ 

Cardiac output falls 

 Hypotension  

Neuronal injury and death  



 Figure 2. (a) Vasculature Changes and 
Primary Energy Failure (Phase I) Legend: A 
visual representation of the first phase of HIE. 
Detrimental changes to the vasculature 
following an HIE insult lead to loss of 
autoregulation and severe lowering of the 
systemic arterial blood pressure. This causes a 
decrease in oxygen, depletion of ATP, as well 
as increases in excitotoxicity, intracellular 
calcium, oxidative stress, and mitochondrial 
dysfunction; (b) Secondary Energy Failure 
(Phase II). Legend: A schematic representation 
of the second phase of HIE reveals continued 
excitotoxicity, oxidative stress, and 
mitochondrial dysfunction; (c) Chronic 
Inflammation (Phase III). A pictorial 
representation of the third phase of HIE shows 
injury to microglia, neurons, and astrocytes 
leads to continuous release of cytokines and 
other detrimental factors causing chronic 
inflammation which in turn leads to epigenetic 
changes, as well as impairments of 
synaptogenesis, axonal growth, and 
neurogenesis. 

 

 Neuroprotective Strategies after Neonatal 
Hypoxic Ischemic Encephalopathy, Int. J. Mol. 
Sci. 2015, 





The effects of hypoxia–

ischemia, inflammation, and 

prematurity on the fetal 

brain may lead to a common 

pathway of perinatal brain 

injury marked by neuronal 

excitotoxicity, 

mitochondrial impairment 

with cellular apoptosis and 

generation of reactive 

oxygen species 

(ROS), and inflammation 

induced by microglial 

activation. AMPA, a-amino-

3-hydroxy-5- 

methyl-4-isoxazole-propionic 

acid; NMDA, N-methyl-D-

aspartate. 

Novak CM, Ozen, M, Burd I: Perinatal Brain Injury: Mechanisms, 

Prevention, and Outcomes, Clin Perinatol 45 (2018) 357–375  



HIE - Neuropathology 

 

A. Selective neuronal necrosis 

B. Parasagittal cerebral injury 

C. Periventricular leukomalacia 

D. Focal and multifocal ischemic brain necrosis 

 

 



A. Selective neuronal necrosis 

 Most common pattern of HIE 

 Necrosis of neurons in a characteristic distribution 

 Common involvement of Neuron in  

    cerebral cortex, basal ganglia,  

    thalamus, brain stem (esp. midbrain, pons) 

 ↑excitatory Glutamate receptors  
 

 Reason of selective vulnerability of neuronal groups 

 Neuron, Oligodendrocyte, astrocyte, microglia                                                                              

                                More vulnerable to ischemia 

 Hippocampal pyramidal cells of CA1, pyramidal neocortical 

neurons (layers 3,5 and 6), Purkinje cells, striatal neurons 

 

 

 

 



A. Selective neuronal necrosis 

 Symptoms 

 Depending on the function of damaged neurons 

 Most, developing cognitive dysfunction 

 Involvement of thalamus & basal ganglia  dystonia 

 

 Some cases may evolve to “Status marmoratus” 

 Caused by selective neuronal necrosis and  

    overgrowth of myelin of oligodendrocyte  

    in the basal ganglia and thalamus 

 marble-like appearance 



B. Parasagittal cerebral injury 

 Characteristically, full term infant 

 

 Parasagittal area 

 borderline zone between major arterial territories in term 

Cf) Rich anastomosis between meningeal arteries in preterm 

 preserve blood flow to cerebral cortex & subcortical WM 

 

 Symptom 

 U/Ex > L/Ex, Proximal > Distal 



C. Periventricular leukomalacia (PVL) 

 PVL 

 Necrosis (softening) of white matter around the ventricles 

 common in preterm infants 

 Two basic components 

 Focal necrosis vs more diffuse  

 cystic PVL  the highest risk of developing CP 

 

 Being born preterm dose not cause brain damage but is a risk 

factor. 

 

 



C. Periventricular leukomalacia (PVL) 

 Brain vulnerability  

       between 26-34 wks of GA 

 

 Vascular anatomical and  

      physiological factor 

 vascular end zones and border zones in 
periventricular white matter 

 Low blood flow in white matter 
(5.0ml/100mg/min) 

    cf) Adult: 50ml/100mg/min 

 Impaired cerebrovascular autoregulation 

 More vulnerable pre-oligodendrocyte to 
free radical injury 

 

 

Pattern of brain injury 

in hypoperfusion 

Border zone 

Preterm Term infant 

Periventricular 

white matter 

Subcortical & 

parasagittal 

white matter 



 



C. Periventricular leukomalacia (PVL) 

 Causative pathologies of periventricular WM injury 

 Ischemia – hypoxia 

 Maternal chorioamnionitis 

 Premature rupture of the membrane with resulting ascending 

maternal infection 

 Maternal cytokines are believed to have an adverse effect on the 

oligodendroglia (the cells that are responsible for WM production) 

 Hypocarbia by overventilation 

 

 



C. Periventricular leukomalacia (PVL) 

 Symptom 
 ↑Spastic diplegia 

 more affects the L/Ex 

 

 Relationship of imaging of PVL & development of CP 
 Cystic PVL have the highest risk of developing CP 

 Premature infants with more severe bleeds have a worse prognosis for 
survival and a higher risk for developing CP 

 However, no specific parameters that fully predict risk of developing CP 
or the severity of CP in an individual child. 

 

 Clinically, more term babies suffered from HIE than preterm babies. 
Pathologically, more premature babies suffered from HIE than term 
babies 

 

 

 



D. Focal and multifocal ischemic brain necrosis 

 Ischemic necrosis within the distribution of single (or 
multiple) major cerebral vessel 

 hydranencephaly 

 Porencephaly 

 multiple cystic encephalomalacia 

 Hypercoagulability 

 Factor V Leiden mutation (resistance to activated protein C) 

 Antiphospholipid syndrome 

 2nd trimestear~1st postnatal weeks or months 

 high water content, immature myelination, deficient 
astrocytic response 

 

 



HIE 

 Major public health issue 

 In developed countries, moderate or severe HIE in 1 per 1000 live 

births 

 

 Mortality between 10% and 60% of these infants with moderate or 

severe HIE die during the neonatal period. 

 At least 25% of the survivors have significant major long-term 

neurodevelopmental sequelae including MR, CP, and epilepsy. 

 Hypoxic ischemic encephalopathy is the primary cause of 15% to 

28% of cerebral palsy among children. 

 Presence of seizure increase chance of cerebral palsy by 50-70 times.   

 



Sequelaes of HIE 

  Neurodevelopmental impairment 

  Neuromotor impairments (CP) 

  Mental retardation 

  Epilepsia 

  Behavioral and cognitive deficits 

  Blindness and hearing loss 

  Intellectual limitation, 

  Language problems, 

       Shankaran S. Childhood outcomes after hypothermia for neonatal  

       encephalopathy. NEJM. 2012 



 Term infant 

 Parasagittal injury, selective neuronal necrosis,  

    focal/multifocal ischemia, status marmoratus 

 Proximal spastic quadriparesis, spastic CP, spastic hemiparesis, 

cognitive defects, seizure, extra pyramidal CP 

 

 Preterm infant 

 Periventricular leukomalacia, IVH 

 Spastic diplegia, visual impairment  



2. Germinal matrix – Interventricular 

    hemorrhage (GMH-IVH) 

 Germinal matrix  
 located above the caudate nucleus, in the floor of the lateral 

ventricle, and caudothalamic groove 

 Proliferation and migration of glial and neuronal precursors  

 By 35-36 weeks gestation the germinal matrix has essentially 
disappeared 
 

 Fragility of Germinal matrix 
 highly cellular and rich blood supply  

    region 

 irregular endothelial-lined vessels 

    extremely sensitive to hypoxia  

    and changes in perfusion pressure 





2. GMH-IVH 

 GMH– IVH 

 bleeding into the subependymal germinal matrix  

  ± subsequent rupture into the lateral ventricle 

 frequent lesion in premature babies 

 

 

↑Blood pressure 

↑blood flow 

Rupture & 
hemorrhage into 
germinal matrix 

Venous infarction & 
hydrocephalus 



2. GMH-IVH 

 Severity 
 Grade I : germinal hemorrhage only 

 Grade II : IVH without ventricular dilatation 

 Grade III : ventricular system enlargement 

 Grade IV : periventricular hemorrhage and infarction 

 

 Prognostic significance 
 No GMH-IVH have a  

   better survival prognosis 

 Risk of CP : 

    9%, 11%, 36%, 76%  

    (Grade I,II,III,IV) 







3. Bilirubin encephalopathy (Kernicterus) 

 Bilirubin 

 Production by breakdown of fetal RBC 

 Unbound, unconjugated, circulating bilirubin crosses the 
blood-brain barrier and, because it is lipid soluble, it 
penetrates neuronal and glial membranes 

 kernicterus 

 Immaturity of the blood-brain barrier probably plays 

 Metabolic acidosis by perinatal asphyxia  

   : high unconjugated bilirubin with relatively modest levels 

   of bilirubin  kernicterus 

 special affinity for the basal ganglia  

   and nucleus of oculomotor and  

   cochlear nerves. 

 

 



3. Bilirubin encephalopathy (Kernicterus) 

 Symptoms 

 Extrapyramidal syndrome, athetoid 

 gaze abnormality 

 hearing loss (esp. sensorineural) 

 Mental retardation, relatively well maintained at 50% 

 Often also epilepsy 

 

 Causes 

 hemolytic disease  

 Rh incompatibility, hereditary spherocytosis 

 inability of the liver to conjugate bilirubin 

 

 

 





Timing of perinatal brain injury 





Pre-conceptual events  

 Genetic vulnerability 

 Factor V Leiden 

 MTHFR (methylenetetrahydrofolate reductase) 

 Lymphotoxin α 

 Tumor necrosis factor-α 

 eNOS, mannose binding lectin  

 

 Maternal factor 

 age : <20yr, >40yr 

 Smoking, alcohol, History of stillbirth, low socioeconomic 
status 

 Intellectual disability, seizure, thyroid disease 

 

 



Early antenatal factors 

 Chromosomal abnormalities 

 Association with early cell division after fertilization 

 Cause overall developmental delay rather than CP 

 

 Early cerebral malformation 

 Anencephaly : most severe 

 Disorders of neuronal proliferation  

 hemimegalencephaly 

 Disorders of neuronal migration 

 Lissencephaly, heterotopia 

 Disorders of neuronal organization 

 polymicrogyria, schizencephaly 



Antenatal factors 

 Congenital infection 

 Rubella : Significant reduction in immunization 
 Very commonly will have mental retardation, however, only 15% 

develop CP 

 CMV : m/c infectious cause of CP 
 90% of children with mental retardation and deafness, 50% 

develop CP or motor defects 

 Toxoplasmosis : house cat (most common host) 
 Toxoplasma gondii, intracelluar parasite  

 30% of children are left with CP and mental retardation 

 Neonatal herpes simplex infection : high mortality rate 
 30-60% of survivors have some neurologic sequelae, CP is not 

common 

 In utero varicella zoster infection : High rate of CP 

 

 

 



Antenatal factors 

 Chorioamnionitis 

↑risk of CP and PVL in preterm and term infants 

 Preeclampsia 

↑risk of CP in term 

 Not increase in preterm 

   :↑cathecholamine  fetal maturation 

 Twin :↑IUGR, malformation 

 iodine deficiency 

 Alcohol 

 



Intrapartum factors 

 Placental abruption, cord prolapse, rupture of uterus 

 CP risk ↑, but rare  

 Premature rupture of membranes 

 Abnormal duration of labor 

 Fetal presentation… 

 

 Perinatal asphyxia associated CP: 6-8% 

 



Postnatal factors 

 Postnatal brain impairment 

 Many clinicians regard the age of 2 years 

 Vitamin K IM injection at birth : bleeding risk ↓ 

 

 Major cause 

 Bacterial infection, particularly meningitis 

 30-50% of survivors having CP  

 Hemophilus influenza type B: significant reduction in immunization 

 Blunt head trauma 

 Child abuse, falls, or motor vehicle accidents 

 Febrile seizure 

 cause in developing country 

 



Postnatal factors 

 Shaken baby syndrome 

 Vigorous shaking cause stretching, shearing, and tearing of 

long axons and capillaries in the cortex of the brain  

 Often have a severe spastic quadriplegia with poor 

prognosis for improvement 

 Concomitant profound mental retardation 



Perinatal brain injury 

Novak CM, Ozen, M, Burd I: Perinatal Brain Injury: Mechanisms, 

Prevention, and Outcomes, Clin Perinatol 45 (2018) 357–375  
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아기는 자라면서 튼튼해지고  

지혜가 충만해졌으며, 하느님의 총애를 받았다.  

루카 2,40 


