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SUMMARY  

IE remains a major cause of perinatal and 

neonatal mortality, as well as of permanent 

neurodevelo-pmental disability. 

Early detection is crucial for interventions aimed at 

preventing or reversing ongoing injury. 

Neonatal encephalopathy is a heterogeneous 

syndrome characterized by symptoms of CNS dysfunction 

in infants born at/ or near term (> 36 wk gestation). An 

infant with neonatal encephalopathy may exhibit abnormal 

loss of consciousness, seizures, tone and reflex 

abnormalities, apnea and feeding difficulties. 

HIE is defined as brain hypoxia and ischemia due to 

systemic hypoxemia and reduced cerebral perfusion 

characterized by clinical and laboratory evidence of acute 

or subacute brain  injury, most often the underlying cause 

remains unknown. 

Brain-type natriuretic peptide (B N P) is a natriuretic, 

diuretic, and vasodilator compound first discovered in the 

hypothalamus but mainly synthesized in the myocardium. 

Arial natriuretic peptide (ANB) is synthesized 

primarily in the cardiac atria, while BNP in both the 

cardiac atria and the ventricles. 

H 



 

 

  

Üéu†Ö]<à·†Ö]<�]<ÜŠeÜéu†Ö]<à·†Ö]<�]<ÜŠeÜéu†Ö]<à·†Ö]<�]<ÜŠeÜéu†Ö]<à·†Ö]<�]<ÜŠe< << << << <
<<

  
  

flÞflŒžã�cflëflÞflŒžã�cflëflÞflŒžã�cflëflÞflŒžã�cflëflÞflŒžã�cflëflÞflŒžã�cflëflÞflŒžã�cflëflÞflŒžã�cflë@@@@@@@@
�a
�a
�a
�a
�a
�a
�a
�a@@@@@@@@�Ùžî�ÜflÇ�Ùžî�ÜflÇ�Ùžî�ÜflÇ�Ùžî�ÜflÇ�Ùžî�ÜflÇ�Ùžî�ÜflÇ�Ùžî�ÜflÇ�Ùžî�ÜflÇ@@@@@@@@
fllbflnčØ�ÛafllbflnčØ�ÛafllbflnčØ�ÛafllbflnčØ�ÛafllbflnčØ�ÛafllbflnčØ�ÛafllbflnčØ�ÛafllbflnčØ�Ûa@@@@@@@@�òflà�Øčz�Ûaë�òflà�Øčz�Ûaë�òflà�Øčz�Ûaë�òflà�Øčz�Ûaë�òflà�Øčz�Ûaë�òflà�Øčz�Ûaë�òflà�Øčz�Ûaë�òflà�Øčz�Ûaë@@@@@@@@

�Ùflà�ÜflÇflë�Ùflà�ÜflÇflë�Ùflà�ÜflÇflë�Ùflà�ÜflÇflë�Ùflà�ÜflÇflë�Ùflà�ÜflÇflë�Ùflà�ÜflÇflë�Ùflà�ÜflÇflë@@@@@@@@bflßbflßbflßbflßbflßbflßbflßbflß@@@@@@@@žá�Ûžá�Ûžá�Ûžá�Ûžá�Ûžá�Ûžá�Ûžá�Û@@@@@@@@
žå
Øflmžå
Øflmžå
Øflmžå
Øflmžå
Øflmžå
Øflmžå
Øflmžå
Øflm@@@@@@@@Žá�ÜžÈflmŽá�ÜžÈflmŽá�ÜžÈflmŽá�ÜžÈflmŽá�ÜžÈflmŽá�ÜžÈflmŽá�ÜžÈflmŽá�ÜžÈflm@@@@@@@@flæb�×flëflæb�×flëflæb�×flëflæb�×flëflæb�×flëflæb�×flëflæb�×flëflæb�×flë@@@@@@@@

@@@@@@@@ŽÝžš�ÏŽÝžš�ÏŽÝžš�ÏŽÝžš�ÏŽÝžš�ÏŽÝžš�ÏŽÝžš�ÏŽÝžš�Ï@@@@@@@@č�ač�ač�ač�ač�ač�ač�ač�a@@@@@@@@�Ùžî�ÜflÇ�Ùžî�ÜflÇ�Ùžî�ÜflÇ�Ùžî�ÜflÇ�Ùžî�ÜflÇ�Ùžî�ÜflÇ�Ùžî�ÜflÇ�Ùžî�ÜflÇ@@@@@@@@
bĆàîčÄflÇbĆàîčÄflÇbĆàîčÄflÇbĆàîčÄflÇbĆàîčÄflÇbĆàîčÄflÇbĆàîčÄflÇbĆàîčÄflÇ  

<<

Üé¿ÃÖ]<�]<Ñ‚‘Üé¿ÃÖ]<�]<Ñ‚‘<<
ð^ŠßÖ]<ì…ç‰ð^ŠßÖ]<ì…ç‰  <íèa<íèaEEMMOMMODD<<



 

 

AAAccckkknnnooowwwllleeedddgggmmmeeennnttt      
   

First thanks to ALLAHALLAHALLAHALLAH to whom I relate any 
success in achieving any work in my life. 

 
I wish to express my deepest thanks, gratitude and 

appreciation to Prof. Dr. Hoda Lotfi El-Sayed, 

Professor of Pediatrics for her meticulous supervision, 

kind guidance, valuable instructions and generous help. 

Special thanks are due to Dr. Dina Ahmed 

Amin, Lecturer of Pediatrics for her sincere efforts and 

fruitful encouragement. 

I am deeply thankful to Dr. Hala Abd El-All 

Ahmed, Lecturer of Clinical and Chemical Pathology 

for her great help, outstanding support, active 

participation and guidance. 

BBBeeelllaaalll   MMMooohhhaaammmeeeddd      



 

 

List of Contents 

Title        Page No.  

Introduction ..............................................................................................1 

Aim of the Work.......................................................................................3 

Review of Literature  

� Hypoxic Ischemic Encephalopathy..........................................4 

� N-terminal pro –B– type Natriuretic Peptide.................... 73 

Patients and Methods .......................................................................104 

Results ..................................................................................................114 

Discussion ............................................................................................142 

Summary ..............................................................................................156 

Conclusion............................................................................................160 

Recommendations ..............................................................................161 

References ............................................................................................162 

Arabic Summary  

 



 

 

List of Tables 

Table No.      Title    Page No.  

Table (1):  Biologic Risk Factors of Perinatal 

asphyxia.......................................................................... 9 

Table (2): Mechanisms of brain damage during and 

after asphyxial injury ................................................ 19 

Table (3): The major neuropathogenic features of 

the neonatal HIE. ....................................................... 22 

Table (4):  Essential criteria of perinatal asphyxia ................ 23 

Table (5):  Normal blood gas values in term 

newborns. ..................................................................... 24 

Table (6):  Infant evaluation at birth by Apgar 

score............................................................................... 25 

Table (7):  Effects of Asphyxia..................................................... 27 

Table (8):  Stage of Hypoxic-ischemic 

encephalopathy ........................................................... 28 

Table (9):  Sarnat and Sarnat staging of HIE. ........................ 29 

Table (10):  Scoring in the Miller System to Stage 

HIE ................................................................................ 30 

Table (11): Apgar scoring system to evaluate an 

infant in the delivery room. ..................................... 40 

Table (12):  Classifications of cranial U/S findings. ................. 41 

Table (13):  EEG patterns and topography of 

neonatal hypoxic ischemic brain injury. ............... 49 

Table (14): Methods of assessment for the 

asphyxiated newborn................................................. 51 

Table (15): Criteria for whole-body hypothermia for 

neonates with hypoxic-ischemic 

encephalopathy. ........................................................... 62 

Table (16): Duration of Neonatal Seizures and Risks 

of Cerebral Palsy and Epilepsy. .............................. 71 



 

 

List of Tables (cont…) 

Table No.      Title    Page No.  

Table (17): Characteristics of B-tybe natriuretic 

peptide (BNP) and N-terminal pro BNP: .............. 77 

Table (18): Potential causes of elevated B-type 

natriuretic peptide levels.......................................... 86 

Table (19): Qualitative summary of some clinically 

relevant physiologic characteristics of 

cardiac natriuretic peptide systems ANP 

and BNP ....................................................................... 86 

Table (20):   Sex distribution in studied newborns ..................114 

Table (21):  Mode of delivery in studied newborns 

(NB). ............................................................................114 

Table (22):  Gestational age in studied newborns...................115 

Table (23):   Parity in studied newborns. ...................................115 

Table (24): Anthropometric measurements in 

studied newborns. ....................................................116 

Table (25): Description of clinical characteristics 

among studied hypoxic NB. ...................................117 

Table (26): Description of lab measurements among 

studied hypoxic NB. .................................................118 

Table (27): Description of lab measurements among 

studied non hypoxic NB. .........................................119 

Table (28): Comparison between hypoxic NB. and 

non hypoxic NB. as regard Creat. And 

Urea. ............................................................................120 

Table (29): Description of maternal diseases and 

neonatal complication among studied 

hypoxic NB. ................................................................121 

Table (30):  Apgar at 1 and 5 minute in studied 

newborns ....................................................................122 

Table (31):   pH levels in studied newborns ..............................123 



 

 

List of Tables (cont…) 
Table No.      Title    Page No.  

Table (32):  CRP levels in studied newborns............................123 

Table (33): Sarnat and Sarnat staging in hypoxic  

newborns ....................................................................124 

Table (34): Fits in hypoxic newborns. .......................................124 

Table (35): Comparison between cases and controls 

as regard BNP1 and BNP15 ..................................125 

Table (36): Comparison between BNP1 and BNP15 

among hypoxic NB. ..................................................126 

Table (37): Comparison between BNP1 and BNP15 

among controls. .........................................................127 

Table (38): Correlations between Apgar score and 

BNP at day 1 and day 15 ........................................128 

Table (39): Correlations between pH and BNP (at 

day 1 and day 15). ....................................................131 

Table (40): Correlations between S&S, cranial U/S, 

BPS and BNP at day 1 and day 15.......................133 

Table (41): Correlations between anthropometric 

measurements and BNP at day 1 and 

day 15. .........................................................................134 

Table (42): Correlations between Laboratory results 

and BNP at day 1 and day 15................................135 

Table (43): Relationship between different factors 

and BNP level at day 1............................................139 

Table (44): Relationship between different factors 

and BNP level at day 15 .........................................139 

 Table (45): ROC Curve for diagnosis of disease from 

BNP level at day 1....................................................140 

Table (46): ROC Curve for diagnosis of disease from 

BNP level at day 15 .................................................140 

 



 

 

List of Figures  

Fig. No.           Title    Page No.  

Fig. (1): Interrelationship between perinatal 

asphyxia and alterations in cerebral 

blood flow and brain damage. ....................................13 

Fig. (2):  Mechanisms of cell death following 

Hypoxic-ischemic injury ..............................................20 

Fig. (3):   Germinal matrix hemorrhage in a 

preterm (28 weeks gestation) infant with 

Apgar scores of 4 at 1 and 5 minutes, 

delivered to a mother with test results 

positive for the human immunodeficiency 

virus, hepatitis B virus, and syphilis. ......................43 

Fig. (4): PVL in a preterm (30 weeks gestation) 

infant with a history of acute respiratory 

failure, mild to moderate hypotension, 

and necrotizing enterocolitis. .....................................44 

Fig. (5):  Deep gray matter injury in a preterm (34 

weeks gestation) infant who was 

delivered emergently because of fetal 

bradycardia and who developed severe 

hypotension. ...................................................................45 

Fig. (6):  Central gray matter pattern of injury in 

a term (36 weeks gestation) infant with a 

history of low Apgar scores, abnormal 

cord pH of 6.8, and severe hypotension. ..................46 

Fig. (7):  Parasagittal cortex and subcortical white 

matter brain injury in a term (38 weeks 

gestation) infant with a history of birth 

asphyxia, low Apgar scores, and 

moderate hypotension. ................................................47 



 

 

List of Figures (cont…) 

Fig. No.           Title    Page No.  

Fig. (8):  Mixed pattern of injury in a term (42 

weeks gestation) infant delivered by 

emergency cesarean section due to late 

deceleration on fetal monitoring and who 

developed severe hypotension....................................48 

Fig. (9):  Infant with Cool Cap....................................................63 

Fig. (10):  Infant on cooling blanket with 

eosophageal temperature probe. ...............................64 

Fig. (11):  Structure of NPs (ANP, urodilatin, BNP 

and (CNP) Note the common structural 

motif is a 17-amino-acid loop formed by 

an intra-molecular disulphide linkage ....................74 

Fig. (12):  In order for the proBNP molecule to exert 

its effect of water and sodium excretion 

at the molecular level, an N-terminal 

fragment consisting of 76 amino acid 

residues is first cleaved off it. ....................................75 

Fig. (13):  Action of BNP at target cells......................................79 

Fig. (14):  Physiologic Effects of Natriuretic 

Peptides Released from the Heart When 

Venous Return Is Increased. ......................................88 

Fig. (15):  Description of maternal diseases and 

neonatal complication among studied 

hypoxic NB. ..................................................................121 

Fig. (16):  Apgar at 1 and 5 minute in studied 

newborns.......................................................................122 

Fig. (17):  The previous table and figure show the 

frequency of seizures among hypoxic 

newborns.......................................................................124 

Fig. (18):  Comparison between cases and controls 

as regard BNP1 and BNP15 ....................................125 



 

 

List of Figures (cont…) 

Fig. No.           Title    Page No.  

Fig. (19):  Comparison between BNP1 and BNP15 

among hypoxic NB......................................................126 

Fig. (20):  Correlation between Apgar 1 score and 

BNP at day 1................................................................128 

Fig. (21):  Correlations between Apgar score 1 and 

BNP at day 15. ............................................................129 

Fig. (22):  Correlation between Apgar 5 score and 

BNP at day 1................................................................129 

Fig. (23):  Correlation between Apgar 5 score and 

BNP at day 15. ............................................................130 

Fig. (24):  Correlation between pH and BNP at day 

1. .....................................................................................131 

Fig. (25):  Correlations between pH and BNP at day 

15. ...................................................................................132 

Fig. (26):  Correlations between urea and BNP at 

day 1. .............................................................................136 

Fig. (27):  Correlations between urea and BNP at 

day 15. ...........................................................................136 

Fig. (28):  Correlations between CRP and BNP at 

day 1. .............................................................................137 

Fig. (29):  Correlations between AST and BNP at 

day 15 ............................................................................138 

Fig. (30):  ROC Curve for diagnosis of disease from 

BNP level at day 1......................................................140 

Fig. (31):  ROC Curve for diagnosis of disease from 

BNP level at day 15....................................................141 

 

 



 

 

List of Abbreviations  

Abb.    Full term  
AAN The American Academy of Neurology  
AAP  American Academy of Pediatrics  
ABP,  Arterial blood pressure 
ACOG American College of Obstetricians and 

Gynecologists  
ANB Atrial natriuretic peptide  
Arf Acute renal failure  
Ast Aspartate Amino transeferase 
ATN Acute tubular  necrosis  
ATP     Adenosine tri phosphate 
AVP Arginine vasopressin 
BNP Brain-type natriuretic peptide  
BP Blood pressure 
C.P Cerebral palsy  
C.S Caesarian section   
Ca Calcium 
CBC  Complete blood count  
CBF  Cerebral blood flow  
cGMP Cyclic guanine monophosphate 
CNP c-type Natriuretic peptide 
CNS Central nervous system  
CO Carbon monoxide  
COP Cardiac output  
CPAP Continuous positive airway pressure 
CPP Cerebral perfusion pressure  
CRP C reactive protein  
CS  Cesarean section 
CT Computed tomography 
CTG Continuous cardiotocography 
CVP Central venous pressure  
CVS Cardiovascular system 
Cyclic GMP Cyclic guanine monophosphate 
DM Diabetes mellitus  



 

 

DNA  Deoxyribonucleic acid 
DWI Diffusion-weighed imaging  
E/Ea Ratio of early to late atrial transmitral flow 

velocity 
EEG Electroencephalogram 
EEG Electroencephalogram 
EF Ejection fraction 
EIA  immunoassay Enzyme 
ELISA Enzyme-Linked Immunosorbent Assay 
ETT Endotracheal tube  
FHR Fetal  heart rate  
GA Gestational age  
GA Gestational age 
GABA Gamma-aminobutyric acid 
GFR Glomerular filtration rate 
GIT  Gastrointetinal tract  
GM1 Monosialoganglioside 
GTP Guanine triphosphate 
H.F Heart failure 
H2O2 Hydrogen peroxide 
Hb  Hemoglobin  
HbCo  Carboxy-hemoglobin  
HCM Hypertrophic cardiomyopathy  
HCT  Hematocrit 
He Haemorrhage 
HIE  Hypoxic-Ischemic Encephalopathy  
HPF  High power field  
HsCRP                High-sensitivity C-reactive protein 
HTN Hypertension with pregnancy  
I.C.H  Intracranial hemorrhage 
I.V Intra venous  
ICP Intracranial pressure  
IDM Infants of diabetic mothers  
IgG Immunologbulin G 
IMRA Immunoradiometric method  
IMV Intermittent mechanical ventilation 
IUGR  Intrauterine growth retardation  
K+ Potassium 
KLD Kinase-like domain 



 

 

LAD Left atrial dimension 
LDH Lactate dehydrogenase  
LV Left ventricle  
LVEDP Left ventricle end diastolic pressure 
LVEF Left ventricle ejection fraction  
LVSD Left ventricular systolic dysfunction  
MOH Ministry of health 
MRI Magnetic resonance imaging 
MRS Magnetic resonance spectroscopy  
Na+  Sodium 

NAD Nicotinamide adenine dinucleotide 
NB Newborn  
NE Neonatal encephalopathy 
NEC Necrotizing enterocolitis 
NEP Neutral endopeptidase 
NICU Neonatal intensive care unite  
NIRS Near infrared spectroscopy  
NMDA N-methyl-D-aspartate receptors. 
NO  Nitric oxide 
NP Natriuretic peptide 
NPR-A Natriuretic peptide receptor – A  
NPR-B Natriuretic peptide receptor-B 
NPR-C Natriuretic peptide receptor-C 
NSE Neuron specific enolase 
NT-pro BNP N-terminal pro – B – type Natriuretic Peptide  

NVD Normal vaginal delivery 
NYHA New York Heart Association  
O2  Oxygen 
Ofc  Occiptofrontal circumference 
PCO2 Partial Pressure of carbon dioxide 
PDA Patent ductus arterioses 
PET Positron emission tomography  
PLEDs Focal periodic lateralized  epileptiform 

discharges  
PO2 Partial Pressure of oxygen 
PROM Premature rupture of membranes  
PUFA  Polyunsaturated fatty acid  
RAST  Radioallergosorbent test  
RBS Random blood sugar 


