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                                                    ABSTRACT  

Background: Neonatal seizures are the most frequent and distinctive clinical 

manifestation of neurological dysfunction in newborns(1). Rapidly remediable 

conditions are the focus of the initial investigation in neonatal seizures and include 

hypoglycemia, hypocalcaemia, hypomagnesium and hyponatremia. Hence our study 

was designed for comparison of clinical profile ,biochemical abnormalities in 

neonatal seizures in neonates. 

Materials and methods: - This is prospective observational study  . Sixty healthy 

newborns were study subjects . 2ml serum blood was collected from subjects with 

seizures , delivered either by vaginally or caesarean section for biochemical analysis. 

Subjects were grouped based on type of convulsion, biochemical derangements. Mean 

, median ,standard deviation, correlation coefficient were calculated. 

Results: - Out of 60 neonates enrolled in study, male babies were 39 (65%) and 

female babies were 21 (35%). Most common being subtle seizures(58.3%) followed 

by tonic and clonic.metbolic abonormality- HIE(53.3%), hypoglycemia (15%) , 

hypocalcemia (15%) and sepsis (13.0%). Statistical analysis done for clinical type of 

convulsion and metabolic abnormality. No significant correlation was found. In our 

present study we have sensitivity of 57% and specificity of 61% with positive 

predictive value of 47.8%  and negative predictive value of 70.4% at criterion of 

>2.89 g/dl. 

Conclusion: - The most common presentation of neonatal convulsion was subtle 

seizures followed by focal or multifocal clonic and tonic seizures. Hypoxic ischemic 

encephalopathy was most common etiology of neonatal convulsion followed by 

primary metabolic abnormalities like hypocalcaemia, hypoglycemia. 

Keywords : Neonatal convulsion/seizure, subtle seizure, hypoxic ischemic 

encephalopathy.                                              
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                                         INTRODUCTION 

Seizure is defined as paroxysmal electrical discharge from the brain (paroxysmal 

involuntary disturbance of brain function),which may manifest as impairment or loss 

of consciousness, abnormal motor activity, behavioral abnormality, sensory 

disturbance or autonomic dysfunction(6). Seizures are possibly the most important 

and common indicator of significant Neurologic dysfunction in the neonatal Period 

(6). Any abnormal, repetitive and stereotypic behavior in neonates should be 

evaluated as possible seizure. 

Seizures due to excessive synchronous electrical discharge, because of depolarization 

of neurons because of inward movement of sodium ions, depolarization of neuron on 

inward movement of chloride ion in immature newborn [4]. Neonatal seizures are 

different in manifestation as well as response to treatment due to immature 

development state of newborn brain and different etiologies.  

Seizures in neonatal period are more common than any other age because of immature 

brain functions and improper myelination, even more common in preterm babies than 

term babies(3). Common causes of convulsions in newborn are hypoxic ischemic 

encephalopathy, cerebral infarction and stroke, intra cranial hemorrhage, intra cranial 

infections, metabolic disturbances and undetermined, etc. Tonic seizure and 

myoclonic seizures were associated with unfavorable outcome and found in infants 

with hypoxic ischemic encephalopathy and intra cranial hemorrhage(5).  

Since very few neonatal seizures are idiopathic, they are clinically significant(1,2). 

Two third of cases of neonatal seizures accounts for moderate to severe acute hypoxic 

ischemic encephalopathy (HIE)(3). Among various etiologies, birth asphyxia is 

common. neonatal meningitis and biochemical abnormalities are the commonest 

etiologies of neonatal seizures. Neonatal seizures are associated frequently with 

biochemical abnormalities as an underlying cause or as an associated abnormality.  

For the optimal management and satisfactory outcome of neonatal seizures, early 

recognition and treatment of the biochemical disturbances is essential. So biochemical 

abnormalities should be excluded in every case of neonatal seizure inspite of presence 

of other causes such as meningitis or asphyxia and structural abnormalities. Most 

common biochemical abnormality associated with neonatal convulsion is 
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hypocalcemia, hypoglycemia, hypomagnesemia, hyponatremia. Hypoglycaemia in 

50% cases associated with unfavorable outcome[5]. Hypoglycemia is common among 

neonates whose mothers have diabetes, large for gestational age, having HIE or other 

stresses(7) . Early onset (first 72 hours) hypocalcemia usually associated with preterm 

LBW, IUGR, asphyxia, infant of diabetic mother where as late onset hypocalcaemia 

is seen in child fed evaporated cow’s milk & other improper formulas(3,8). About 

half of neonates with seizures secondary to hypocalcemia, also have hypomagnesemia 

and should be considered if seizures continue after given therapy(7,9). 

Seizures in neonatal period can be subtle, focal clonic, multi focal clonic, tonic spasm 

and myoclonic- spasm. Focal clonic or tonic and generalized myoclonic seizures are 

associated with electrographic discharges, whereas the subtle, generalized tonic and 

other myoclonic seizures are not associated with EEG discharges (6). Common causes 

of convulsions in newborn are hypoxic ischemic encephalopathy, cerebral infarction 

and stoke intra cranial hemorrhage, Intra cranial infections, metabolic disturbances 

and undetermined, etc. Tonic seizure and myoclonic seizures were associated with 

unfavorable outcome and found in infants with hypoxic ischemic encephalopathy and 

intra cranial hemorrhage(5).  

Neonatal seizures may present in 1-2% of term to almost 20% in preterm infants. 

Hypoxic ischemic encephalopathy, sepsis and bacterial meningitis are common 

causes. Biochemical abnormality and intra cranial bleed is also quiet common in this 

age. Most seizures in the newborn are symptomatic of a specific aetiology and with 

diagnostic advances, aetiology is easily identifiable. Neonatal seizures are different in 

manifestation as well as response to treatment due to immature development state of 

newborn brain and different etiologies.  

During neonatal period higher chances of seizures because of  metabolic, toxic, 

structural and infectious diseases. Neonatal seizures are different then in a child or 

adult because of generalized tonic clonic seizure usually not occur during the first 

month of life as newborn infant are less able to sustain organized generalized epileptic 

discharge due to less organization and maturation of CNS(2). Seizures are more 

frequent on the first day of life than at any other time, although the diagnosis is easily 

missed because their manifestations can be extremely subtle.  
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Clinical criteria for the diagnosing neonatal convulsions were (3), (a) focal, multifocal 

or generalized clonic movements (b) tonic posturing with or without abnormal gaze 

(c)subtle  seizures and spontaneous paroxysmal repetitive motor or autonomic 

phenomenon like lip smacking ,chewing,paddling swimming,cyclic movements or 

respiratory abnormalities. We intend to study the biochemical abnormalities in 

neonatal seizures which would help in early treatment and better prognosis.  

CNS malformation/structural lesions can cause the seizures from first day of life. IEM 

seizures usually occur after 2-3 days of life. Benign infantile neonatal seizures usually 

presents suddenly on day 4 to 6 of life. CNS infections like congenital intrauterine 

infections(TORCH) presents early in first 2 days of life, postnatal sepsis occur after 

48-72 hours of life(9).  

Our goal- observe the clinical presentation, time of onset and relation to etiology of 

neonatal seizures and observe the biochemical abnormalities in neonatal seizures. 

Prognosis of neonatal seizures however is related to pathogenesis i.e. prolong or 

recurrent hypoglycemia permanently affect the CNS(7 ). The objectives are to study 

clinical presentation and time of onset of seizures in term and preterm neonates and to 

study the biochemical abnormalities in seizures in term and preterm neonates. 
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                                 AIMS AND OBJECTIVE  

 

1) To study the incidence of biochemical abnormalities associated with neonatal 

seizures. 

 

2) To study the clinical presentation, time of onset and its relation to the neonatal 

seizures in newborn unit, department of pediatrics, SDM college of medical 

sciences and hospital dharwad. 
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                                    NEED FOR THE STUDY 

1. Neonatal seizures usually occur due to biochemical abnormalities, which are 

primary or associated with different etiology for which definitive treatment is 

available. To control of seizures and prevent permanent brain damage, early 

recognition and proper correction of biochemical disturbances are necessary. If 

electrolyte disorder persists, then antiepileptic drugs alone are  ineffective. 

2. The prognosis and  outcome of the neonates is depends on the etiology of seizures. 

Early reorganization of metabolic problems is crucial for a good prognosis and the 

prevention of long-term consequences including cognitive deficits like learning 

disability to developmental delay, cerebral palsy and mental retardation, as well as 

later-life epilepsy. 

3. We are doing this study to determine the prevalence of biochemical anomalies 

related to neonatal seizures, as well to reduce unwanted long-term anticonvulsant 

usage and the adverse effects that come with it.  
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                          REVIEW OF LITERATURE 

Seizure are sudden, paroxysmal depolarization of group of neurons that usually causes 

transient alteration in neurological state. Sensory, motor, or autonomic activity could 

be involved in this, with or without a disturbance in the state of consciousness(13). 

Different foci may manifest as seizures at various periods. Not all clinical seizures are 

accompanied by EEG alterations, and not all clinically apparent seizures are recorded 

on EEGs. 

The following are included in the definition of seizures based on the EEG pattern and 

clinical criteria. (13,14) 

1. Clonic seizures is a example of epileptic seizure with comparable EEG seizure 

activity. 

2. Non epileptic seizures: Clinical seizures with no EEG correlate, examples being 

subtle and generalized tonic seizures. 

3. Abnormal EEG activity with no clinical correlation is  EEG seizure. 

 

Clinical seizure criteria 

Neonatal seizures are still included in an unclassified group according to the 

categorization of the international league against epilepsy (ilae) that the World Health 

Organization has approved.. According to a more recent classification scheme, there 

should be a better distinction between clinical seizures (nonepileptic) and 

electrographically proven seizures (epileptic) in terms of possible treatment 

interventions(14). Continued refinement using novel seizure classifications is needed 

to reconcile disagreements between clinical and EEG criteria, which impede a correct 

seizure diagnosis. Types of seizures. (13) 

1. Tonic 

2. Myoclonic 

3. Focal clonic 

4. Subtle seizures 

5. Multifocal or migratory clonic. 

Subtle seizures (13,15) is a buccolingual movements and motor automatisms. It is 

most common type of seizures in newborns. They are called subtle seizures due to 
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mild form of presentation which is easily missed.  examples of subtle seizures are as 

following: 

A) Nystagmus, a type of irregular and roaming eye movement that differs from tonic 

eye deviation, is one of the ocular symptoms. 

B) The oral-buccal-lingual movements include chewing, sucking, protrusion 

of tongue, and lip-smacking, which is associated with to drooling. 

C) Rowing or swimming movements, leg pedaling or bicycle movements, and 

boxing- jabs are among the progressive movements  seen in subtle seizures.  

D) There can also be autonomic symptoms like tachycardia or bradycardia. However, 

somatic findings are mixed in with autonomic expressions. Rarely are coincident 

electrographic seizures associated with isolated autonomic signs like apnea. 

Despite this seizure category's "subtle" manifestation, children  affected may sustain 

significant brain damage.  

Clonic seizures (13,15) Biphasic rhythmic movements which contains rapid flexion 

phase followed by slow extensor movements. the symmetric “to and-fro” movements 

of nonepileptic tremulousness or jitteriness are differentiated from clonic seizures. 

Seizures associated with focal clonic may occur unilaterally, various diffrent limbs, or 

simultaneously but asynchronously.  

Tonic type of seizures (13,15) usually refers to a sustained flexion or extension of 

axial or appendicular muscle groups. These may be focal or generalized. While 

generalised tonic seizures involve sustained symmetric posturing of the limbs, trunk, 

and neck, which may involve flexor, extensor, or mixed extensor/flexor muscle 

groups, focal tonic seizures usually involve posturing  of single limb, eye deviation or 

asymmetry of the trunk, 

 

Myoclonic (13,15)  are rapid and isolated jerky movements involving axial and 

appendicular distribution. can be distinguished from clonic seizures by faster 

myoclonic jerks with lack of slow return and predominate involvement of flexor 

muscles. Usually occur in preterm and term neonates with significant brain 

dysfunction or damage, with absence of EEG confirmed seizures. 

Focal or multifocal myoclonic episodes are not associated to such patterns, 

generalized myoclonus is frequently associated with an EEG seizure pattern. 
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Regarding neuro-developmental outcomes and seizure occurrence, myoclonic seizures 

have the worst prognosis, and focal clonic seizures have the best prognosis. 

 

Seizure mimics : (13,15) 

It may be challenging to distinguish between true epileptic patterns in a neonate and 

normal immature behaviors (such as non-nutritive sucking), and abnormal non-

epileptic behaviors ("jitteriness") . Clinical clues that can help distinguish between 

true epileptic seizures and seizure mimics. Amplitude of flexion and extension are 

equal in tremors, unequal in clonic movements. 

The movement will be diminished or eliminated by passive flexion and repositioning 

of the trembling body part. Seizures can not be abolished by passive restraint of 

infants and are stimulation sensitive. Seizures associated with autonomic changes or 

ocular manifestations. 

Common causes of neonatal seizures 

Etiology are brain disorders due to metabolic abnormalities.In 99% of cases, the 

etiology of newborn seizures is identifiable, and few are idiopathic(16). Neonatal 

seizures have a variety of causes. According to recent research in India, meningitis, 

hypoxic ischemic encephalopathy, and metabolic disturbances (hypoglycemia and 

hypocalcaemia) are the most common causes(17,18).  

Causes: (19) 

A) Hypoxic-ischemic injury are Perinatal asphyxia, Focal infarction/stroke 

B) Intracranial hemorrhage  

C) CNS infection 

D) Malformations and other structural lesions like Cerebral dysgenesis,sturge-

weber syndrome ,tuberous sclerosis 

E) Acute metabolic disorders like Hypoglycemia, Hypocalcemia, 

Hypomagnesemia,          Hyponatremia 

F) Inborn errors of metabolism  

G) Epilepsy syndromes like Benign familial syndromes 

 

1.Acute metabolic disorders 
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Acute metabolic disorders are rapidly remediable conditions and are the focus of the 

initial investigations in neonatal seizures. They account for ~5% of neonatal 

seizures(19). The common causes include 

1. Hypoglycemia, 

2. Hypocalcemia, 

3. Hypomagnesemia, 

4. Hyponatremia. 

 

Hypoglycemia  

Hypoglycemia is one of the most common metabolic problems seen in sick babies and 

well babies at-risk of hypoglycemia. In healthy infants, blood glucose levels can often 

be maintained in the appropriate range by initiating breastfeeding soon after birth. 

Most cases of neonatal hypoglycemia are transient, respond readily to treatment, and 

are associated with an excellent prognosis. Symptomatic hypoglycemia is associated 

with high risk of severe neurodisability. Babies with persistent low sugars must be 

investigated for underlying causes(55). Glucose provides approximately 60% to 70% 

of fetal energy needs. Almost all fetal glucose derives from the maternal circulation 

by the process of transplacental facilitated diffusion that maintains fetal glucose levels 

at approximately two-thirds of maternal levels. Maternal hepatic glucose production 

increases by 16% to 30% through gestation to supply the fetus with energy(55). Blood 

glucose concentration in the new born baby, irrespective of its birth weight and 

gestational age, are generally lower than those found in older children and adults(57). 

During this normal transition, newborn glucose levels fall to a low point in the first 1 

to 2 hours of life (to as low as 30 mg/dl) and then increase to >45 mg/dl, stabilizing at 

mean levels of 65 to 70 mg/dl by 3 to 4 hours of age(55).  

Operational threshold for the hypoglycemia is the conecntation of blood glucose for 

which clinician will consider interventions(57). Blood glucose level of <40mg/dl 

(plasma glucose level<45mg/dl). Where as WHO defines hypoglycemia as blood 

glucose levels of <45mg/dl(irrespective of period of gestation) ,if associated with 

symptoms of hypoglycemia or if confirmed on repeat analysis in asymptomatic 

babies, is indicative of hypoglycemia. The threshold for treating hypoglycemia 

depend on the presence of symptoms, the age of the infant in hours ,risk setting 
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(infant of diabetic mother, large for gestation, small for gestation ,preterm, sick 

baby),and the persistence of the hypoglycemia.   

Predisposing factors(57) 

1. Intrauterine growth retardations  

In malnourished babies and smaller discordant twins, the liver weight is much 

reduced where as the brain weight remaining within normal limits so that the 

ratio of brain weight to liver weight is greater than five. This discrepancy in 

the size of utilizer (brain) and provider (liver glycogen) of glucose leads to 

hypoglycemia. The other predisposing factors in these babies include higher 

incidence of fetal and neonatal asphyxia, raised basal metabolic rate and 

higher oxygen uptake ,excessive responsiveness to insulin, inability to 

increase adrenaline output in response to hypoglycemia and possibly disturbed 

hypothalamic mechanism in the brain. Hypoglycemia occurs in about 15% of 

small for dates babies and is often symptomatic especially manifests between 

24-72 hours and in preventable by early feeding.  

2. Maternal diabetes mellitus: 

The fetus by virtue of being exposed to high concentration of glucose in utero 

respond by hyperplasia of islets cells of pancreas. The high insulin 

concentration may lead to hypoglycemia in about 50% of such babies which is 

observed mostly during first 12 hours after birth and is asymptomatic in 

majority of infants. About one-fifth of babies born to mothers with gestational 

diabetes mellitus may show hypoglycemia.  

3. Immaturity: 

There is direct correlation between blood glucose levels and gestational 

maturity and birth weight of the baby. The low hepatic glycogen stores and 

relatively high incidence of hypoxia, hypothermia and respiratory distress 

syndrome in these babies contribute to hypoglycemia. Maternal tocolytic 

therapy with beta sympathomimetic agents (ritodirne, isoxsuprine, salbutamol, 

terbutaline) can predispose to hypoglycemia. These agents decrease peripheral 

utilization of glucose leading to hyperglycemia in the mother and 

hyperinsulinemia in the fetus .the incidence of hypoglycemia in preterm 
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babies varies between 5 to 10% and is higher in babies with a birth weight of 

less than 50th centile for their gestational age. 

4. Erythroblastosis fetalis due to rhesus incompatibility: 

The hyperplasia  of islet cells may lead to asymptomatic hypoglycemia during 

the first 24 hours of life, in about 5% babies with erythroblastosis. The 

incidence of hypoglycemia is directly related to the severity of rhesus 

hemolytic disease. Break down products of haemolysed red blood 

cells(glutathion) inactivates circulating insulin leading to hyperplasia of  

Islets cells to maintain adequate insulin levels. Exchange transfusion with 

heparinized blood is associated with hypoglycemia while following exchange 

transfusion with CPD blood, rebound hypoglycemia may occur. 

5. Hyperinsulinemic hypoglycemia: It causes persistent ,recurrent 

hypoglycemia in new-borns, and it may be associated with an increased risk of 

brain injury because it not only decreases serum glucose levels but also 

prevents the brain from utilizing secondary fuel sources by suppressing fatty 

acid release and ketone body synthesis. Some cases of hyperinsulinemic 

hypoglycemia are transient and resolve over the course of several days,where 

as others require, more aggressive and prolonged treatments. 

A. The most common example of hyperinsulilinism is the IDM. Some women 

either have mild glucose intolerance that is subthershold for diagnosis or 

develop late onset glucose intolerance; their infants mat be LGA and at risk of 

hypoglycaemia. 

B. Congenital hyperinsulinisum:  Hyperinsulinisum is seen in mutations of 

genes encoding the pancreatic beta cell adenosine triphosphate(ATP)-sensitive 

potassium channels, such as ABCC8 and CNJ11 which encode for SUR1  and 

KIr6.2 .elevated insulin levels are also associated with less function mutations 

on HNF4a gene. 

• Polycythemia : hypoglycemia may be due to higher glucose utilization 

by the increased mass of red blood cells.  

• Maternal or infant therapy with beta-blockers(e.g labetalol or 

propranolol)possible mechanisms include the following: 

           i. Prevention of symptomatic stimulation of glycogenolysis  
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          ii. Prevention of recovery from insulin-induced decreases in free fatty 

acids and glycerol  

         iii. Inhibition of epinephrine-induced increases in free fatty acids and 

lactate after      

              exercise. 

  Hypocalcemia(57)  

Calcium hemostasis: Body calcium exists in two major components, skeleton [99%] 

and extracellular fluid [1%]. Calcium in the extracellular fluid is present in three 

forms; 

 i) Bound to albumin [40%]ii) bound to anions like phosphorus, citrate, sulfate & 

lactate (10%)  

 ii) Free ionized form [50%]. 

Ionized calcium is essential for several biochemical processes including blood 

coagulation, neuromuscular excitability, integrity of cell membranes & production of 

certain enzymes. Both calcium & maternal parathyroid hormone cross the placenta. 

There is active transport of  calcium and phosphorus to the fetus from maternal 

sources and fetal concentrations of calcium are about 1.0mg/dl higher than the 

maternal. Most of placental transport of calcium takes place during last trimester of 

pregnancy so that- prematurely born infants have deficient stores of calcium. 

Parathormone & 1,25 dihydroxyvitamin-d are the main calcium-regulating hormones. 

Paratharmone mobilizes calcium from bones, increases calcium reabsorption in renal 

tubules &  stimulates renal production of 1,25(OH), D3.the biologically active 

1,25(OH)2d3 increases intestinal calcium & phosphate absorption  and mobilizes 

calcium & phosphate from bones.  

Serum calcium level falls after birth especially in preterm babies and a state of 

physiological hypocalcaemia is achieved during 24-36 hours of age. Parathyroid 

gland of new born is sluggish to respond due to its suppression by maternal 

paratharmone in fetal life. Due to reduced GFR  and defective tubular reabsorption in 

new born, kidney is the unable to excrete phosphorus. Thus during first few days after 

birth serum calcium falls & phosphorus levels rises. A number of situations can 
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accentuate this physiological fall in serum calcium leading to  severe or symptomatic 

hypocalcaemia ionized calcium is the only biologically available form of calcium but 

for routine clinical purposes, measurement of serum total calcium level is adequate. 

Serum calcium of  less than 7.0 mg/dl [or ionized calcium < 4 mg/dl] during the first 

four weeks of life is designated of neonatal hypocalcaemia. Serum phosphors is raised 

to more than 6mg / 100ml except in cases associated with hypomagnesemia. 

Hypoglycemia may be associated with hypocalcaemia in some babies particularly 

following glucagon therapy. 

There two types of hypocalcaemia:  

1) Early onset hypocalcaemia [first 3days] 

2) Late-onset hypocalcaemia [classical neonatal tetany, > 10days & life] 

1) Early onset hypocalcaemia [ first- 3 days] 

It occurs in the first 3 days life.  

A) Immaturity 

There is a direct correlation between birth weight & serum calcium. About 50% of 

infants weighing < 2500gm & 75% of those weighing < 1500 gm may show transient 

self-limited hypocalcaemia during first-24 hours of life. Various factors which 

predispose low birth weight babies to develop hypocalcaemia include; 

 Low calcium stores due to early birth  

 Delayed feeding 

 Renal immaturity and reduced glomerular filtration rate leading to  

Retention of phosphates 

 Hypoproteinemia 

 Frequent administration of sodium bicarbonate solution and respiratory  

 Distress syndrome. 

During acidosis, calcium is mobilized from the bones and excreted. Following 

correction of acidosis with bicarbonate, calcium goes back into the bones leading to 

hypocalcaemia. There a fall in ionized calcium level when acidosis is over corrected . 
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(b) Maternal diabetes mellitus about 25 to 50 % a babies born to diabetic mothers may 

develop hypocalcaemia which believed to be due to immaturity & hypercosticism. 

The macrosomia associated with IDM may increase demand for calcium. 

 C) Complications during delivery  

 Perinatal asphyxia. 

 Difficult & prolonged delivery  

 Emergency caesarean section especially following a trial of labor 

 Toxemia & antepartum hemorrhage are associated with high incidence [10-

30%] of hypocalcaemia. 

 The contributory factors appears to be tissue catabolism with release of    

phosphorus and  increased cortisone release due to stress of abnormal delivery. 

Serum phosphorus is generally raised in these situations. 

 It is also associated with release of calcitonin and  hypoxic renal insufficiency. 

  In high risk babies serum calcium should be checked at 24 & 48 hours of age. 

2) Late onset hypocalcaemia [classical neonatal tetany] 

 It is characterized by onset of tetany at the age of 5-10 days in healthy term babies 

receiving artificial feeding. The ingestion of milk with high phosphate content or low. 

Calcium/phosphorus ratio [Ca: P ratios of cows and human milk are 1.3:1 & 2.2:1 

respectively] leads to hyperphosphatemia & hypocalcaemia in the  neonate. 

Management 

Asymptomatic babies: Give 2ml/kg/dose of 10% calcium gluconate intravenously 

after dilution with equal volume 5% dextrose every 6 hourly and continue for 48 

hours once EKG had returned back to normal. If infant is orally fed, calcium 

gluconate 10% solution [2ml/kg every 6 hourly ] care be given through oral route for 

treatment of asymptomatic hypocalcaemia. 

Symptomatic babies: Parenteral therapy is indicated in the presence of extreme 

irritability, convulsions and apneic attacks. Calcium gluconate 10% solution [2ml/kg 

or 20mg elemental calcium/kg] diluted with equal volume of 5% dextrose should be 

injected slowly at a rate less than 1.0 ml/minute through intravenous line with 

continuous monitoring of heart rate. The maximal dose recommended is 10ml for full 
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term  and 5ml for preterm babies. It is followed by 8 ml/kg/day of 10% calcium 

gluconate  solution [75 mg/kg /day of elemental calcium] as a constant infusion for at 

least 48 hours after EKG had returned back to normal. 

Hypomagnesia 

The average serum magnesium level during first week of life is 1.5+/- 0.12 meq/l. 

Rarely, hypomagnesmia of unknown cause may occur in new born infants, usually in 

association with hypocalcaemia. It may also be associated with insufficient stores of 

skeletal magnesium secondary to deficient- placental transfer, decreased intestinal 

absorption, neonatal hypoparathyroidism, hyperphosphatemia, renal loss [primary or 

secondary to drugs, e.g, amphotericin B], a defect in magnesium & calcium 

homeostasis or iatrogenic deficiency caused by loss incurred during exchange 

transfusion or insufficient  replacement during total intravenous alimentation. Infants 

of diabetic mothers may have lower than normal serum magnesium levels. The 

clinical manifestations of hypomagnesmia are indistinguishable from those of 

hypocalcaemia & tetany  and  may, in fact, contribute to the accompanying 

hypocalcaemia.  

Hypomagnesaemia occurs when serum magnesium level’s falls below 1.5 mg/dl [0.62 

mmol/l], although clinical signs do not usually develop until serum magnesium levels 

fall below 1.2 mg/dl. During exchange transfusion with citrated blood, which is low in 

magnesium because of binding by citrate, serum magnesium decreases about 0.5 

mg/dl [0.2 mmol/l]; approximately 10 days are required for return to normal, in non 

iatrogenic hypomagnesaemia, the serum magnesium level may be less than 0.5 mg/dl. 

Serum calcium in either instance is usually at levels noted in hypocalcaemia tetany, 

but the serum phosphorus value is normal to high. Because of the hypocalcaemia 

accompanying hypomagnesaemia is inadequately corrected by administration calcium 

alone, hypomagnesmia should also be suspected in any patient with tetany not 

responding to calcium therapy.  

This rare metabolic disorder may occur in association with :  

 It is noted in infants of magnesium deficient mothers. 

 Hypocalcaemia, 
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 Intrauterine growth retardation, 

 Severe diarrhea 

 Following massive resection of gut   

 Following exchange blood transfusion with citrated blood. 

 Infants of toxemic or diabetic mothers. 

Treatment: 

 Immediate treatment consists of intramuscular injection of magnesium sulfate. 

 For new born infants, 25-50 mg/kg/ dose every 8 hr for 3-4 doses usually 

suffices. 

 The accompanying hypocalcaemia usually corrects, itself as the 

hypomagnesaemia resolves  

 The same daily dose can be given for oral maintenance therapy .four to 5 

times higher doses may be required in malabsorptive states,  

 In most cases, the metabolic defect is transient, & treatment can be 

discontinued after 1-2 weeks . 

 A few patients appear to have a permanent form of the disease that requires 

continuous oral supplementation with magnesium to prevent recurrence of  

hypomagnesaemia.  

 No residual damage to the central nervous system is evident- after prompt 

treatment. 

 

Hypernatremia  

Hypernatremia [serum sodium >150 meq/l] is relatively uncommon in new born 

babies and may occur with normal, deficient or excessive ECF volume, hypernatremia 

with reduced ECF volume usually excessive less" water VLBW babies due to 

excessive loss of water through urine or insensible water loss through skin or lungs. 

Metabolic acidosis may our due to reduced renal perfusion because of depletion of 

ECF volume. Hypernatremia with excessive ECF volume is rare & may occur if 

excessive isotonic or hypertonic fluid is administered to infants with  reduced cardiac 

output. Hypernatremia may be caused by dehydration, renal disease, or diabetes 

insipidus or it may be iatrogenic. 
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Hypernatremia with deficient ECF volume.  

A) Predisposing factors include VLBW infants & increased renal and insensible water 

loss. Skin sloughing can accelerate water losses ADH deficiency secondary to IVH 

can exacerbate renal water losses.  

B) Diagnosis weight loss, tachycardia, hypotension, & metabolic acidosis can occur. 

Decreasing urine output and rising urine specific gravity may develop. Urine may be 

dilute if central or nephrogenic diabetes insipidus is present. Hypernatremia in the 

VLBW infant in first- 24hrs of life is almost always due to free-water deficits. 

C) The rate of free - water deficits, administration should be increased. If signs of 

ECF depletion or excess develop, sodium intake also should be adjusted. The 

development of hypernatremia does not necessarily imply excess total-body sodium. 

Hypernatremia with ECF volume excess excess. 

A) Predisposing factors, include excessive administration of isotonic or hypertonic 

fluids, hypernatremia and edema can be pronounced in infants predisposed to sodium 

retention because of reduced cardiac output. 

(b) Diagnosis, weight increases with  edema is suggestive of this diagnosis. The infant 

may exhibit normal heart rate, blood pressure, and  urine output, and specific gravity 

& an elevated FENA. 

(c) Therapy: Reduce the rate sodium administration by reducing the sodium 

concentration of fluids, restricting the rate of fluid administration, or both. 

Hyponatremina 

Hyponatremia (serum sodium < 120 meq/1) may occur in association with depleted, 

normal or excessive extracellular fluid volume (ECF). Factitious hyponatremia may 

occur due to hyperlipidemia and hyperosmolar or hypertonic hyponatremia may occur 

due to osmotic diuresis (mannitol therapy, hyperglycemia). 

Hyponatremia with depletion of ECF volume occurs due to use of diuretic, osmotic 

diuresis, adrenal or renal tubular salt-losing disorders, gastro-intestinal losses 

(vomiting and diarrhea) and third-space losses of ECF (intestinal obstruction, NEC, 



 

18 

 

sloughing of skin). The clinical features include weight loss, dehydration, tachycardia, 

fall in blood pressure, rise in blood urea nitrogen and metabolic acidosis. The on-

going losses of sodium are controlled and deficit is replaced by administration of 

normal saline. 

Hyponatremia with normal ECF volume classically occurs due to the syndrome of 

inappropriate antidiuretic hormone secretion (SIADH). The predisposing factors for 

SIADH in newborn babies include pain, opiate administration, asphyxia, meningitis, 

intraventricular hemorrhage, pneumothorax and positive-pressure ventilation. The 

condition is diagnosed by excessive weight gain without edema in association with 

decreased urine output and increased osmolarity of urine. The condition is managed 

by water restriction. When serum sodium level is less than 120 meq/l or there are 

associated neurological signs, furosemide is given in a dose of 1 mg/kg IV every 6 hr 

along with administration of 3% sodium chloride 1-3 ml/kg slowly IV. 

Hyponatremia in association with excessive ECF volume occurs due to congestive 

heart failure, sepsis with cardiogenic shock, advanced NEC, abnormal lymphatic 

drainage and neuromuscular paralysis. There is excessive weight gain with edema, 

oliguria and azotemia. The condition is managed by treatment of underlying condition 

and restriction of sodium and water intake. 

Acute bacterial meningitis in neonates 

Bacterial meningitis is one of the most potentially serious infections occurring  in 

newborn infants. This infection is associated with high rate of acute complications 

and risk of long-term morbidity(54). 

Causative organisms of acute bacterial meningitis:(62) 

Age: 0-1 month [ neonatal period]  

Early onset: Escherichia coli, other gram-negative bacilli, klebsiella pneumoniae 

,streptococcus agalactiae, group B streptococcus, & listeria monocytogenes.  

Late onset: E-coli, klebsiella pneumonia, enterobacteria, salmonella, & 

staphylococcus aureus 

Predisposing factors: 
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1) Meningomyelocele, & cranial trauma 

2) Lumbosacral dermal sinus & meningocele 

3) Congenital cerebrospinal fluid [CSF] leak across mucocutaneous barrier. 

4)  Prematurity, [<37 weeks gestation]  

5) Low birth weight [<2500g] 

6) Fetal hypoxia 

7) Prolonged rupture of membrane  

8) Traumatic delivery 

9) Maternal peripartum infection.(including chorioaminionitis) 

10)Asymptomatic bacteriuria  

11)Maternal vaginitis. 

Pathology  and pathophysiology(54) 

A meningeal purulent exudate of varying thickness may be distributed around the 

cerebral veins, venous sinuses, convexity of the brain, & cerebellum, & in the sulci 

Sylvain fissures, basal cisterns, & spinal cord. Ventriculitis with bacteria & 

inflammatory cells in ventricular fluid may be present [more often in neonates), as  

may subdural effusions & rarely, empyema. Perivascular inflammatory infiltrates also 

may be present, & the ependymal membrane may be disrupted. Vascular and  

parenchymal cerebral changes characterized by polymorphonuclear infiltrates 

extending to the subintimal region of the small arteries & veins, vasculitis, thrombosis 

of small cortical veins, occlusion of major venous sinuses, necrotizing arteritis 

producing subarachnoid hemorrhage. Inflammation of cranial nerves  produces cranial 

neuropathies of optic, oculomotor, facial, & auditory nerves. Increased intracranial 

pressure [ICP] produces oculomotor nerve palsy because of the presence of temporal 

lobe compression of the nerve during tentorial herniation. Abducens nerve palsy may 

be a non localizing a sign of elevated ICP.  
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Increased ICP is a result if cell death [cytotoxic cerebral edema], cytokine- induced 

increased capillary vascular permeability [vasogenic cerebral edema], & possibly, 

increased hydrostatic pressure [ interstitial cerebral edema] after obstructed 

reabsorption of CSF in the arachnoid villus or obstruction of the flow of fluid from 

the ventricles. ICP may exceed 300 mm h2o; cerebral perfusion may be further 

compromised if the cerebral perfusion pressure [ mean arterial minus ICP] is <50 cm 

H2O as a result of systemic hypotension with reduced cerebral blood flow. The 

SIADH  may produce excessive water retention and  potentially increase the risk of 

elevated ICP. Hypotonicity of brain extracellular spaces may cause cytotoxic edema 

after cell swelling & lysis. Tentorial, falx, or cerebellar herniation does not usually 

occur because the increased ICP is transmitted to the entire subarachnoid space & 

there is little structural displacement. Further more, if the fontanels are still patent, 

increased ICP is not always dissipated. 

Hydrocephalus can as an acute complication of bacterial meningitis. It is most often 

takes the form of a communicating hydrocephalus caused adhesive thickening of the 

arachnoid villi around the cistern at the base of the brain .thus there is interference 

with the normal resorption of CSF. Less, often the of obstructive hydrocephalus 

develops after fibrosis & gliosis of the aqueduct of sylvius or the foramina of 

magendie and luschka. Raised CSF protein levels are partly as a result of increased 

vascular permeability of the blood-brain barrier and the loss of albumin- rich fluid 

from the capillaries & veins transversing the subdural space, continued transudation 

may results in subdural effusion, usually found in the latter later phase of acute 

bacterial meningitis. Damage to the cerebral cortex may be a result- of the local or 

diffuse effects of vascular occlusion [infarction, necrosis, lactic acidosis], hypoxia, 

bacterial invasion [cerebritis], toxic encephalopathy [bacterial toxins], elevated ICP , 

ventriculitis, & transudation [subdural effusion]. These pathologic factors result in the 

clinical manifestations of impaired - consciousness, seizures. Cranial nerve deficits, 

motor & sensory deficits, & later psychomotor retardation. 

Pathogenesis: Bacterial meningitis most commonly results from hematogenous 

dissemination of micro- organisms from a distant site of infection; bacteremia usually 

precedes meningitis or occurs concomitantly. Bacteria gain entry into the CSF 

through choroid - plexus of the lateral ventricles and the meninges & then. Circulate 
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to extracerebral  CSF and subarachnoid space. Bacteria rapidly ultiply because the 

CSF concentration of complement & antibody are inadequate to contain bacterial 

proliferation. Chemotactic factors then incite a local inflammatory response 

characterized by polymorphonuclear cell infiltration. The presence of bacterial cell 

wall lipopolysacchride [ endotoxin] of gram-negative bacteria  [h. Influenza type B, n. 

Meningitidis ] and  of pneumococcal cell wall components [teichoic and, 

peptidoglycan] stimulates a marked inflammatory response, with local production of 

tumor necrosis factor, interleukin 1, prostaglandin - e, and other inflammatory 

mediators. The subsequent inflammatory response is characterized by neutrophilic 

infiltration, increased vascular permeability, alterations of blood brain barrier, and 

vascular thrombosis.  Meningitis - associated injury is not simply caused by viable 

bacteria but occurs as a consequence of the host reaction to the inflammatory cascade, 

initiated by bacterial components. Rarely, meningitis may follow bacterial invasion 

from a contiguous focus of infection such as orbital cellulitis or cranial or 

osteomyelitis or may occur after introduction of bacteria via penetrating cranial 

trauma, dermal sinus tracts or meningomyeloceles. 

Clinical features: (62) 

1)Subtle symptoms 

2)Lethargy ,refusal to feed & irritability 

3)High pitched cry, hypothermia, or  occasionally irregular fever 

4)Altered mental status, staring look  

5)Poor feeding, fever 

6)Tachycardia  

7)Oculomotor (anisocoria, ptosis) or abducent nerve paralysis. 

8) Increased ICP is suggested by bulging fontanel or diastasis [widening] of the 

sutures  

9) Hypertension  with bradycardia, apnea  or hyperventilation, decorticate or 

decerebrating  posturing , stupor, coma . 
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10) Focal neurological signs usually are  result of vascular occlusion,  

11) Cranial neuropathies of the ocular, occulomotor , abducent, facial & auditory 

nerves may also be  the result of focal inflammation. 

12) Seizures (focal or generalized) caused  by cerebritis, infarction or electrolyte 

disturbances occur in newborn infants with meningitis .seizures  persists after the 4th  

day of illness and - those that are difficult to - treat may be associated with poor 

prognosis. 

13) Alterations mental status are common  among patients with meningitis and may 

the consequence increased ICP, cerebritis  or hypotension; manifestations include 

 Irritability  

 Lethargy 

 Stupor 

 Obtundation and coma 

 Comatose infants  have a poor prognosis 

14) Ventriculitis is suspected when there  associated anomalies like meningmyelocele 

& intraventricular shunt. 

15)Recurrent convulsions, persistently bulging anterior fontanel, increasing head size 

& neck retraction are suggestive of ventriculitis, meningitis & more common in 

los(late onset sepsis). 

Diagnosis(62): Diagnosis in ABM (acute bacterial meningitis ) is based on high index 

of clinical suspicion in appropriate appropriate clinical settings. CSF analysis should 

be performed in all suspected cases of ABM. The primary purpose of investigations in 

ABM  is to confirm the diagnosis and to identify the cause of bacteria. 

Laboratory investigation in bacterial meningitis : 

1) Blood-cell count, blood culture, c-reactive protein [CRP], procalcitonin  

2) Cerebrospinal fluid 

 Opening pressure (raised in acute bacterial meningitis) 

 Appearance 
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 Cell count 

 Biochemistry  

 Glucose and the ratio of CSF glucose: (blood sugar should be obtained before 

lumbar puncture) 

 Protein 

 Optional lactate  

 Microbiology :gram stain ,acid fast bacilli (AFB),culture. 

3) CSF cytology showing> 30 cells with more the 60% polymorphs, glucose less than 

50% of blood, glucose, protein more than 150mg/dl in term babies and 180mg/dl in 

preterm babies are suggestive of meningitis.  

4)Ventricular tap, reveals >100 wbcs/mm3 and gram smear or culture are positive for 

microoragnisms. Elevations of the c-reactive proteins, ESR, and police procalcitonin 

have been used to differentiate bacterial (usually elevated) from viral causes of 

meningitis . 

Brain imaging: 

 It should be done before LP  if child is having any focal neurological deficit- 

  It is must if signs of raised intracranial pressure are seen. 

 It can reveal  complicated meningits, such as, subdural empyma, focal 

cerebritis, evolving brain abscess, ventriculitis, vasculitis. 

 Usually, hydrocephalus is late signs of bacterial meningitis due to its 

complicated course . 

 MRI is more desirable over CT whenever clinical settings & resources are 

permissible 

USG cranium :ultrasound examination would show ventricular dilatation, increased 

echogenicity and formation of septations.  

Treatment: empirical antibiotics policy at per local units culture patterns & anti-

biograms are most desirable general recommendations are given below: 

Empirical antibiotic therapy in meningitis (Table-1) (62) 
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Intra ventricular hemorrhage /Germinal matrix  hemorrhage  

A)Etiology and pathogenesis: GMH/IVH is found principally in the preterm new 

born; approximately 30% of premature infants <1500gms have or having gestational 

maturity of less than 32 weeks .the risk is inversely related to gestational age and birth 

weight ,with the smallest and most immature infants being at the highest risk; 70% of 

infants weighting 1000-1500gms have a sever IVH (grade 3 or 4) ,compared with 

14% with infants weighing 751-1000gmd and 24% of infants weighing less than or 

equal to 750gms. In 3% of infants weighing <1000gm, periventricular leucomalacia 

(PVL) develops. In the term newborn, GMH/IVH is uncommon. Preterm and term 

babies have different etiologies and pathophysiology. (61) 

In the term newborn(58), primary IVH typically originates in the choroid plexus   or 

in association with venous (+/-sinus) thrombosis and thalamic infraction and much 

less commonly in the small remnant of the subependymal germinal matrix. IVH 

pathogenesis in the term newborn is likely to be related to perinatal asphyxia, venous 

thrombosis ,trauma (i.e from a difficult delivery) ,and /or other risk factors. One study 

Age group Common organisms Empirical antibiotics given 

intravenously  

Neonatal period Streptococcusagalactiae, 

e.coli, 

listeriamonocytogens,  

klebsiellaspecies, 

occasionally acinetobater  

1)Ampicillin cumulative3 dose of 

ampicillin in 300mg/kg/day 

divided doses as per postnatal 

age 

2)Cefotaxim dose: 

0-7 days 100-200mg/kg/day TID 

>8 days 150-200mg/kg/day TID  

3)Amyloglycosides : Gentamicin 

5mg/kg/dose based on postnatal 

age and birth weight  

 Amikacin 15mg/kg/dose 

frequency decided by popstnatal 

age and birth weight. 
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suggested that IVH might occur secondary to venous hemorrhagic infraction in the 

thalamus in 63% of other wise healthy term newborn with clinically significant IVH. 

In such cases, there may be thrombosis of the internal cerebral veins but occasionally, 

there may be more extensive sinovenous thrombosis.  

In the preterm newborn, the major neuropathologic lesions associated with very-

low birth weight (VLBW) infants are IVH and PVL. GMH/IVH in  the preterm new 

born originates from the fragile involuting vessels present in the subependymal 

germinal matrix, located in the caudothalamic groove. This periventricular area is the 

site of origin for embryonal neurons an fetal glial cells, which migrate outwardly to 

the cortex. Immature blood vessels in this highly vascular region of the developing 

brain combined with poor tissue vascular support predispose premature infants to 

hemorrhage. The germinal matrix involute as the infant approaches full –term 

gestation and the tissues vascular integrity improves; therefore IVH is less common in 

the term infants ,periventricular hemorrhagic infraction after develops after a large 

IVH owing to venous congestion.  

Understanding of the pathogenesis of PVL is evolving , and it appears to involve both 

intrauterine and post natal events. A complex interaction exist between the 

development of the cerebral vasculature and the regulation of cerebral vasculature and 

the regulation of cerebral blood flow. (both of which are gestational age 

dependent).disturbances in oligodendrocyte precursors requires for myelination 

,maternal or fetal infection and /or inflammation. Similar factors (hypoxia, 

ischemia),venous obstruction for IVH ,or undetected fetal stress may result in 

decreased perfusion to the brain leading in turn to pervenrticular hemorrhage and 

necrosis. 

 PVL is characterized by focal and necrotic lesion in the periventricular whit matter 

and /or more diffused white matter damage, the risk for PVL increases in infants with 

sever IVH and /or ventriculomegaly the corticospinal tracts descend through the 

periventricular white matter hence the association between cerebral white matter 

injury or PVL and motor abnormalities, including cerebral palsy. Pathogenesis of 

periventricular hemorrhage is dependent upon the interplay of anatomical and 

physiological immaturity of developing cerebral vasculature of preterm babies 

exposed to hazards of perinatal hypoxia and its consequences.  
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The periventricular capillaries in germinal matrix of preterm babies are structurally 

deficient ion smooth muscles ,collagen ,elastin these delicate immature capillaries lie 

unsupported in the soft gelatinous matric of the germinal layer. They are thus 

vulnerable to direct hypoxia or hydrostatic insult form and variety of life threatening 

complications. The vulnerability of periventricular lesions to haemorrhage is further 

enhanced because ,this are is preferentially over perfused and provided with excessive 

amount of fibrinolytic activity. The cerebral blood flow in preterm infants are 

pressure passive and any rise in arterial pressure is directly transmitted to the 

capillaries. Elevation in arterial pressure may occur due to hypoxia of hypercapnea  in 

the perinatal period .  

Rough handling ,tracheal  suctioning ,administration of xanthine derivates may cause 

sudden elevation of arterial blood pressure with rupture of capillaries in the germinal 

matrix. Diving reflex which is rather immature and over reactive in preterm babies 

may lead to preferential shunting of blood to the brain. Rapid infusion of volume 

expanders and hyperosmolar solutions of glucose or sodium bicarbonate further 

aggravated these physiological responses. Apart from direct transfusion of arterial 

pressure through pressure passive cerebral vasculature ,passive venous congestion 

may also elevate pressure in the periventricular capillaries.  

Birth asphyxia and postnatal hypoxia due to apneic attacks or RDS may elevate 

venous pressure by virtue of hypoxia cardiac failure. Positive pressure ventilation 

with peep and pneumothorax are also associated with elevation of venous pressure 

leading to congestion in the intracerebral capillaries . The  bleeding occurs into 

periventricular germinal layer matrix.it may remain small and localized or rupture 

through ependymal into the ventricular system or extend into cerebral parenchyma 

causing leucomalacia and porencephalic cyst. Progressive hydrocephalus is common 

sequelae.  

B. Risk factor: there are numerous risk factors that have been identified in the 

etiology of IVH including: maternal factors-such as infection/inflammation, lack of 

antenatal steroids and hemorrhage. External factors-such as neonatal transport to 

another hospital. Increasingly recognized genetic factors –that predispose to some 

newborns to IVH. These risk factors also contribute to the pathogenesis of GMH/IVH, 

which is largely relate to intravascular, vascular, and extravascular factors. 
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The intravascular risk factors predisposing to GMH/IVH include 

ischemia/reperfusion, increases in cerebral blood flow [CBF], fluctuating CBF, & 

increases in cerebral venous pressure. Ischemia/reperfusion ocux commonly when 

hypotension is corrected, this scenario often occurs shortly- after birth when a 

premature newborn may  have hypovolemia or hypotension, ns or hyperosmolar 

solution sodium bicarbonate, rapid infusions of such, solutions are thought to be 

particularly likely to contribute to GMH/IVH. 

Briefer fluctuations in CBF has been demonstrated to be associated with GMH / IVH 

than new born with stable preterm newborns. Large fluctuations  in CBF velocity 

more likely to develop stable pattern of CBF velocity, the large fluctuations occurred 

in newborns breathing out synchrony with the ventilator , but such fluctuations have 

been also observed in newborns with  large patent ductus arteriosus [PDA] or 

hypotension, for example. Increases in cerebral venous pressure are also thought to 

contribute to GMH/IVH. 

Several studies shown that preterm newborns, particularly asphyxiated  newborns, 

have an impaired ability, to regulate CBF in response to blood pressure changes 

.[hence "pressure passive"] such, an impaired autoregulation plus the newborn at an 

increased risk  for rupture of the fragile germinal matrix vessels in the face of 

significant increases in cerebral arterial or venous pressure, & particularly when 

ischemia precedes such increased. Pressure. 

Sustained increases in CBF may also contribute to GMH/IVH & can be caused by 

seizures, hypercarbia anemia, & hypoglycemia, which result in increase in a 

compensatory CBF . 

Cerebrovascular factors affecting arterial venous flow, impaired coagulation and 

platelet dysfunction are intravalular factors that can contribute to the pathogenesis or 

severity of GMH / IVH. 

Vascular factors: that contribute  to GME/IVH , include the fragile nature of the 

involuting vessels of the germinal matrix. There is no muscularis  mucosa & little 

adventitia in this area of relatively large diameter, thin-walled vessels; all of these 

factors make the vessels particularly susceptible to rupture. 
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Extravascular risk factors for GMH | IVH include deficient extravascular  support & 

likely excessive  fibrinolytic activity in  preterm newborns. 

Factors in the pathogenesis of GMH/IVH (58) 

Intravascular factors- Fluctuating cerebral blood flow (e.g., with mechanical 

ventilation), ischemia/ reperfusion(e.g., volume infusion after hypotension), increase 

in CBF (e.g., with hypertension, anemia, hypercarbia), increase in cerebral venous 

pressure (e.g., with high intrathoracic pressure, usually from ventilator), platelet 

dysfunction and coagulation disturbances, extravascular factors- deficient vascular 

support excessive fibrinolytic activity, vascular factors- tortous, involuting capillaries 

with large luminal diameter. 

Pathogenesis of complications of GMH/IVH. The two major complications of 

GMH/IVH are: 

1.Periventricular hemorrhagic infarction (PVHI)  

2.Post hemorrhagic ventricular dilation (PVD). 

1)PVHI has previously been considered an extension of a large ivh; hence, it was 

often referred to as a grade iv IVH. 

2)Post hemorrhagic ventricular diltation( PVD) to develop takes days to weeks 

following the onset of GMH/IVH. Aqueduct obstruction, luschka or magendie 

foramina obstruction, and/or impaired CSF resorption  all have a role in the aetiology 

of progressive PVD. 

Clinical presentation(58) 

1. In the preterm newborn GMH/IVH is usually a clinically silent syndrome and  

is recognized only during routine CUS. 

2. The vast majority of these hemorrhages occur within 72 hours after birth, hence 

the use of routine CUS within 3 to 4 days (all will be captured by CUS at 7 to 

14 days) after birth in many nurseries for newborns with a GA <32 week. Some 

premature infants in whom severe IVH develops may have acute deterioration 

on 2nd and 3rd of life.  

         newborns with large IVH may present with: 
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a. Full fontanelle, anemia(pallor)or cyanosis 

b. Decreased levels of consciousness and spontaneous movements 

c. Hypotonia, high pitched shrill cry  

d. Abnormal eye movements, or skew deviation. 

e. Convulsions  

f. Rarely, a newborn will present with a rapid and severe neurologic 

deterioration with full or tense fontanelle, obtundation or coma, severe 

hypotonia and lack of spontaneous movements, and generalized tonic 

posturing thought to be seizure. Metabolic acidosis, shock, decreased 

hematocrit or failure of the hematocrit to increase after transfusion may be the 

first clinical conditions. 

g. IVH may rarely manifest at birth;50%of cases are diagnosed with in the first 

day of life  and up to 75% within the first 3 days. 

h. A small percentage of infants have late hemorrhage ,between 14 day and 30 

days. 

i. IVH as a primary event is rare after the first month life.  

j. PVL is usually clinically clinically asymptomatic until the neurologic sqeuelae 

of white matter damage become apparent in later infant as spastic motor 

deficits.  

k. PVL may be present at birth but usually occurs later as an early echo dence 

phase (3-10 days of life),followed by the typical echo lucent (cyst) phase 14-

20  days of life. 

3. IVH in term neonates present with signs such as ; 

         -irritability or lethargy 

         - vomiting with dehydration 

         - full fontanelle 

         -seizures, apnea 

         - ventriculomegaly is often present at the time of IVH diagnosis in a term new-

born. 

4. PVD usually develop over days to weeks following IVH and  present rarely 

with a severe presentation: 

-feeding difficulties, increasing head growth (crossing percentiles on the 

growth chart), 
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-bulging fontanelle, or impaired upgaze or sunsetting sign 

-splitting of sutures, decreased level of consciousness, increased apnea or 

worsening respiratory status. 

A retrospective study of newborns with birth weight <1,500 g who developed IVH 

and survived at least 14 days showed that 50% of such newborns will not show 

ventricular dilation, 25% will develop nonprogressive ventricular dilation (or stable 

ventriculomegaly), and the remaining 25% will develop PVD. The incidence of PVD 

increases with increasing severity of GMH/IVH; it is uncommon with grades I to II 

IVH (up to 12%) but occurs in up to 75% of newborns with grade III IVH +/- PVHI. 

The incidence of PVD is also higher with younger GA at birth. Ventricular dilation 

may proceed rapidly (over a few days) or slowly (over weeks). About 40% of 

newborns with PVD will have spontaneous resolution of PVD without any treatment. 

The remaining 60% generally require medical and/or surgical therapy. 

 

Grading of GMH/IVH(table-2)(58) 

The severity of hemorrhage may be defined on cranial imaging by location and degree 

of bleeding and ventricular dilatation. 

 

 

 

Another grading system describes 3 levels of  increasing severity of IVH detected 

on ultrasound 

Grading of GMH/IVH  

In grade I haemorrhage Bleeding isolated to subependymal area  

In grade II haemorrhage There is bleeding within the ventricle but 

without evidence of ventricular  dilatation 

In grade III hemorrhage Consists of IVH with ventricular dilatation 

In grade IV hemorrhage There is intraventricular and parenchymal 

hemorrhage 
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In grade I Bleeding in confined to germinal matrix –

subendymal region or <10% of the ventricle 

(=35% of IVH cases). 

In grade II Grade 2 defined as intraventricular bleeding 

with 10-50% filling of the ventricle (=40% 

of  IVH cases) 

In grade III More than 50% of ventricle in involved, 

with dilated ventricle. 

Ventriculomegaly is defined as mild (0.5-1cm dilatation),moderate (1.0-1.5cm 

dilatation),or sever (>1.5cm dilatation). 

Diagnosis(58) 

The diagnosis of GMH/IVH is almost invariably made by real-time portable CUS in 

the premature newborn. We obtain routine CUS studies in all newborns born at <32 

weeks’ GA, but the GA threshold for obtaining screening us varies from 30 to 32 

weeks among different institutions. A CUS may be considered in older newborns born 

at >32 weeks’ GA who have risk factors such as perinatal asphyxia or tension 

pneumothorax or who present with abnormal infants with a birth weight of <1500gm 

or gestational age of ,32 weeks should be routinely screened by CUS examination of 

head at the ages of 2 days ,4 days and 21 days and before discharge.  

Newborns with GMH/IVH require more frequent CUS than newborns without 

GMH/IVH to monitor for complications of GMH/IVH such as PVD and PVHI and 

for other lesions such as PVL or cerebellar hemorrhage. In addition, any preterm 

newborn who develops abnormal neurologic signs or a significant risk factor for IVH 

(such as pneumothorax, sepsis, sudden hypotension, or volume loss of any etiology) 

later in his or her neonatal intensive care unit (NICU) course should undergo CUS. 

When IVH is diagnosed, weekly ultrasonic evaluation is recommended till ventricular 

size is stabilized. 

In management and prognosis of GMH/IVH grading is important: 

Management and prognosis 



 

32 

 

1. The primary goal should be Prevention of GMH/IVH. Although antenatal 

administration of antenatal steroids has clearly been shown to decrease the incidence 

of GMH/IVH, antenatal phenobarbital and vitamin K have not been conclusively 

demonstrated to prevent GMH/IVH. Prophylactic ibuprofen and indomethacin given 

to close PDA have been associated with reduced severe IVH and PVHI in some 

studies, but no difference was shown in long-term neurologic outcome, and these 

drugs are not routinely recommended solely for the prevention of IVH. Early 

treatment of significant PDA may be associated with a decrease in IVH of severe 

grade. Antenatal risk factors—inflammatory syndrome and abruptio placentae—

increased the risk of severe IVH. Score for neonatal acute physiology - perinatal 

extension (snappe) ii at 12 hours was an independent predictor of IVH in babies <29 

weeks at birth. 

2. Management of IVH. 

Supportive care should be directed toward maintaining stable cerebral perfusion by 

maintaining normal blood pressure, circulating volume, and blood gases. Transfusions 

of packed red blood cells may be required in cases of large IVH to restore normal 

blood volume and hematocrit. Thrombocytopenia or coagulation disturbances should 

be corrected. 

3. Management of PVD 

A. Post-IVH care consists of careful monitoring of ventricle size by serial CUS and 

appropriate intervention when needed to reduce CSF accumulation, such as serial LPS 

to remove CSF, surgical interventions to divert CSF flow; medications to reduce CSF 

production are not recommended. The goals of therapy are to reduce 

ventriculomegaly and remove blood products, both of which may contribute to the 

pathogenesis of brain injury, and potentially to prevent need for a permanent shunt. 

B. In cases of slowly progressive PVD (over weeks), close monitoring of clinical 

status (particularly OFC, fontanelle, and sutures) and ventricle size (by CUS) may be 

sufficient. 

C. When serial CUS shows progressive PVD, intervention is usually required, 

particularly if the newborn shows clinical signs related to the PVD (e.g.,worsening 

clinical status, bulging fontanelle, widening sutures, abnormally rapid increase in 

OFC). We typically begin therapy when progressive dilation persists for about 1 to 2 

weeks in newborns with clinical signs, although the rate of ventricular dilation and 
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size of ventricles are assessed in each case to decide  whether therapy should be 

initiated sooner or later. Therapeutic LPS to remove CSF can be performed every 1 to 

3 days (removing 10 to 15 ml of CSF per kg body weight), depending on the rate of 

ventricular dilation and the effectiveness of CSF removal. If PVD is rapidly 

progressive, daily taps or early surgical intervention with  a subgaleal shunt or 

external drain may be needed. 

D. Surgical treatment if medical therapy does not successfully reduce ventricle size, 

and/or PVD is rapidly progressive, surgical intervention is indicated. A 

ventriculosubgaleal shunt (VSG), ventricular access device (reservoir), or external 

ventricular drain should be placed. 

E. Medications to decrease CSF production: Acetazolamide and furosemide are 

carbonic anhydrase inhibitors that can be used to decrease CSF production. 

F. Fibrinolytic therapy: Pilot trial of continuous drainage, irrigation and fibrinolytic 

therapy (called “drift”) in 24 newborns with PVD showed a promising reduction in 

the incidence of shunt surgery, mortality, and disability compared with historical 

controls. 

 

Perinatal asphyxia(63) 

Insult to newborn due to lack of oxygen and perfusion to multiple organs. It is usually 

associated with hypoventilation and hypercapnea.  

APGAR scoring system 

It is used to assess the condition of newborn during initial 60 seconds of life. APGAR 

scoring system components are important because muscle tone , response to reflex 

stimulus and colour are dependent upon the cardio respiratory status of neonate. 

APGAR score done  at 1 minute and 5 minutes after birth.  

Definition of perinatal asphyxia: Failure to initiate and sustain breathing. 

According to academy of pediatrics and American college of obstetrics and 

gynecology. 

Presence of all of the following criteria. 
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 metabolic or mixed academia of cord blood  (Ph – 7.0)  

 More than 5 minutes persistence of low APGAR less than 3  

 Neonatal neurologic dysfunction signs like (e.g seizures, encephalopathy and 

tone abnormality) 

 Evidence of multiorgan involvement (lungs , kidney , heart , liver and 

intestine) 

A) Incidence : incidence is common in infants of diabetic mother and IUGR 

babies and postdated babies. 

      B) Etiology: Maternal risk factors for asphyxia in term newborns can occur during 

the antepartum or intrapartum phase due to poor gas exchange across the placenta, 

which results in insufficient oxygen delivery and insufficient removal of carbon 

dioxide and hydrogen from the baby. In the postpartum period, asphyxia can happen 

as a result of pulmonary, cardiovascular, or neurological problems.. 

C) Pathophysiology: During antepartum/ intrapartum period due to placental 

insufficiency there is reduced supply of oxygen to fetus and removal of co2 from fetus 

which result in asphxial insults. During postpartum period there will be pulmonary 

and cardiovascular or neurological insufficiencies . 

D) Events during normal course of labor cause babies born with little O2.these 

include the following: 

1) Due to uterine contractions ,some degree of cord compression ,maternal 

dehydration ,maternal alkalosis due to hyperventilation there will be decreased blood 

flow to the placenta. 

2) Reduced placental blood flow causes decreased O2 delivery to the fetus. 

3) Fetal O2 saturation falls as there is increased O2 consumption in both the mother 

and the fetus. 

E) 1) Asphyxial damage sets up a cascade of intracellular events which causes 

neuronal death after few hours of insult. 

2) Due to diminished oxidative phosphorylation and ATP production  there will be 

cellular dysfunction. intra cellular Na+,Cl-,H2O,Ca2+ , extracellular K+ and 
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excitatory neurotransmitter (eg : glutamate) accumulation due to energy failure 

impairing the ion pump function , causing Immediate neuronal death. 

o Delayed neuronal death  

o Reperfusion 

F)  Pathology : 

Hypoxic ischemia pathology mainly depends on severity of injury and affected 

organs. Early congestion, fluid leak from increased capillary permeability, and 

swelling of the endothelium may then result in cell death and indications of 

coagulation necrosis. The meninges, pericardium, pleura, thymus, heart, and adrenals 

all exhibit congestion and petechiae. Long-term intrauterine hypoxia may cause 

insufficient periventricular white matter perfusion, which would thereafter lead to 

PVL. Infants who have pulmonary arteriole smooth muscle hyperplasia are more 

likely to develop pulmonary hypertension. The contents of the amniotic fluid 

(meconium, squames, and lanugo) may aspirate into the trachea or lungs if fetal 

discomfort results in gasping. Infants have parasagittal ischemia damage and neuronal 

necrosis of the brain (eventually, cortical atrophy).  

G) Pathologic findings of brain injury : 

i) Specific neuropathology may be seen after moderate or severe HIE 

1) Neuronal necrosis is the common type of injury seen following perinatal asphyxia . 

Neurons are more easily injured than glia in specific regions at increased risk are the 

ca1 region of the hippocampus ,purkinje cells of the cerebellum ,neurons of the 

thalamus and basal ganglia (particularly putamen )and brain stem nuclei . 

2) Particularly after severe hypotension, a water shed pattern of ischemic damage 

develops in the border zones between cerebral arteries. This damage, which mostly 

affects white matter and is seen in preterm babies, indicates inadequate perfusion of 

the delicate periventricular border zones in the centrum semiovale. Bilateral 

parasagittal cortical and subcortical white matter damage is caused by more severe, 

sustained hi insults in newborns. 
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3) Focal or multifocal cortical necrosis affecting all cellular elements can results in 

cystic encephalomalacia and / or ulegyria ( injury to the cortex in the depths of sulci ) 

due to loss of perfusion in one or more vascular beds. 

ii) Clinical characteristics: Mild, moderate, or severe is the clinical range for hie. EEG 

is helpful in providing unbiased data to assess the degree of encephalopathy.  

(a) Motor abnormalities : weakness, hypotonia, and poor posture with low flexor tone. 

The hi insult may have happened earlier in the antepartum period and may have 

already caused established hi brain damage if a newborn has severe hypertonia during 

the first few days after delivery.  

(b ) Seizures : Seizures are a sign of moderate or severe encephalopathy, according to 

experts. Seizures might be tonic, clonic, or mild. It can some times be difficult to 

differentiate seizures from jitteriness or cnus , although the latter two are usually 

suppressible with firm hold of the affected limb(s). 

 (c) ICP (intracranial pressure) has increased. diffuse cerebral edoema causing ICP. 

iii) Multiorgn dysfunction :In most cases , multiorgan dysfunction occurs as a result 

of systemic hypoxia –ischemia. 

Diagnosis: 

A. Perinatal assessment of risk includes awareness of pre-existing maternal or fetal 

problems that may predispose to perinatal asphyxia. 

B. Low APGAR scores and need for resuscitation in the delivery room are common 

but not sufficient to diagnose HIE/perinatal asphyxia. 

1) Other causes for low APGAR/need for resuscitation (but not asphyxia) depression 

from maternal anesthesia or analgesia, birth trauma, infection, cardiac or pulmonary 

disorders, and neuromuscular and other central nervous system(CNS) disorders or 

malformations. 

 2)If the APGAR score is >6 by 5 minutes, perinatal asphyxia is not likely. 

C. Umbilical cord or first blood gas determination: severe acidosis was defined as Ph 

7.0 or base deficit 212 to 16 mmol/l  
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D. Clinical presentation and differential diagnosis: HIE should be suspected in 

encephalopathic newboms with history of fetal & neonatal distress & lad evidence of 

asphyxia. The diagnosis of neonatal encephalopathy includes a number of etiologies 

in addition to perinatal hypoxia-ischemia. Asphyxia is likely, and other causes are less 

likely if the following are present. 

1. Prolonged (1 hour) antenatal acidosis  

2. Fetal HR <60 beats per minute 

3. Apgar score < or= 3 at >  or=10 minutes 

4. Need for positive-pressure ventilation or first cry delayed >5 minutes  

5. Seizures within 12 to 24 hours of birth 

6. Burst suppression or suppressed background pattern on EEG or amplitude-

integrated electroencephalogram (EEG) 

E. Neurologic signs 

i. Encephalopathy 

ii. Brainstem and cranial nerve abnormalities. 

iii. Motor abnormalities. 

iv. Seizures:  

v. Increased intracranial pressure (ICP) 

Laboratory evaluation of asphyxia: 

A. Cardiac evaluation. An increase in serum creatine kinase myocardial bound (CK-

mb) fraction of >5% to 10% shows myocardial injury. 

B. Neurologic markers of brain injury: Serum CK-bb may be increased in asphyxiated 

newborns within 12 hours of the insult but has not been correlated with long-term 

neurodevelopmental outcome. 

C. Renal evaluation: 
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1. Blood urea nitrogen (BUN) and serum creatinine may be elevated in perinatal 

asphyxia. Typically, elevation is noted 2 to 4 days after the insult. 

2. Fractional excretion of Na+ (FENA) or renal failure index may help confirm renal 

insult. 

3. Urine levels of beta 2-microglobulin have been used as an indicator of proximal 

tubular dysfunction, though not routinely. 

Brain imaging: 

A. Cranial sonographic  

B. CT 

C. MRI 

D.EEG and aEEG 

EEG findings of:• continuous (lower margin >5 v-normal pattern, top margin >10 uv) 

• discontinuous (upper margin >10 v and lower margin 5 v, typical in preterm infants, 

significantly abnormal in term infants) .• burst suppression is the absence of bursts 

with an amplitude greater than 25 v and discontinuous activity with a minimum 

amplitude without variability at 0-1 v. • A flat, isoelectric, and continuous low-voltage 

trace. 

Treatment: 

A. Perinatal management of high-risk pregnancies 

1. Fetal HR abnormalities may provide supporting evidence of asphyxia, especially if 

accompanied by the presence of thick meconium. 

2. Measurement of fetal scalp Ph is a better determinant of fetal oxygenation than 

Po2. 

3. Close monitoring of the progress of labor with awareness of other signs of in utero 

distress is important. 

B. Delivery room management :postnatal management of neurologic effects of 

asphyxia 
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1. Ventilation: carbon dioxide should be maintained in normal range  

 2. Oxygenation: oxygen should be maintained in normal range, hypoxia should be 

treated with supplemental O2 and /or mechanical ventilation. 

3. Temperature: Passive cooling by turning off the radiant warmer is effective. 

4. maintain physiologic metabolic state: hypocalcemia, hypoglycemia. 

5. Judicious fluid management: a. ATN can result from the "diving reflex" and result 

in oliguria followed by polyuria. b. Syndrome of inappropriate antidiuretic hormone 

(SIADH) secretion is often seen 3 to 4 days after the HI event. c. Fluid restriction may 

aid in minimizing cerebral edema, although the effect of fluid restriction on long-term 

outcome in newborns who are not in renal failure is not known. 

6. Control of seizures 

A. Acute anticonvulsant management:  i. Phenobarbital(loading dose of 20mg/kg 

intravenous and                         maintenance dose of  3 to 5 mg/kg/day). ii. Phenytoin 

– if seizures not controlled by phenobarbitone loading dose of 10-20mg/kg 

intravenous and maintenance dose of  4-8mg/kg/day.iii. benzodiazepines are 

considered as third line of management (lorazeapm 0.05-0.1mg/kg/dose IV). 

Levetriacetam has also been used recently. 

B. Long-term anticonvulsant management: When clinical and EEG results show that 

the infant is no longer experiencing seizures, anticonvulsants can be discontinued. 

7. Management of other target organ injury:  

A. Cardiac dysfunction should be managed with the correction of hypoxemia, 

acidosis, hypocalcaemia, and hypoglycemia, and avoidance of volume depletion or 

overload. 

i. Arterial BP should be maintained in the normal range to support adequate systemic 

and cerebral perfusion. 

ii. Monitoring of CVP may be helpful to assess the adequacy of preload (i.e., the 

newborn is not hypovolemic due to vasodilatation or third spacing); a reasonable goal 

is 5 to 8 mm hg in term newborns. 
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B. Renal dysfunction should be monitored by measuring urine output, with serum 

electrolytes, paired urine/serum osmolarity, urinalysis, and urine specific gravity. 

i. Avoid fluid overload by restricting free water supply to replacing insensible losses 

and urine output (60 ml/kg/day) when there is oliguria or anuria present. You may 

also want to consider administering a low-dose dopamine infusion (25 ug/kg/minute). 

ii. Volume status should be evaluated before instituting strict fluid restriction. If there 

is no or low urine output, a 10 to 20 ml/kg fluid challenge followed by a loop diuretic 

such as furosemide may be helpful. 

iii. To avoid fluid overload, as well as hypoglycemia, concentrated glucose infusions 

delivered through a central line may be needed. 

C. GI effects. Withholding feeds for long is neither necessary nor desirable. In 

profound shock or clinical signs of ileus (abdominal distension) and bloodstained 

stools, feeds may be withheld. 

 D. Hematologic abnormalities: coagulation profile should be monitored with partial 

thromboplastin time (PTT) and prothrombin time (PT), fibrinogen, and platelets. 

Abnormalities may need to be corrected with fresh frozen plasma, cryoprecipitate, 

and/or platelet infusions. 

E. Liver function should be monitored with the measurement of transaminases 

(alanine aminotransferase [ALT], aspartate transaminase [AST]), clotting time (PT, 

PTT, fibrinogen), albumin, bilirubin, and ammonia. Levels of drugs that are 

metabolized or eliminated by the liver must be monitored. 

F. Lung management of the pulmonary effects of asphyxia depends on the specific 

etiology. 

Neuroprotective strategies: 

A. TH has been shown to decrease the risk of brain injury in newborns exposed to 

perinatal HI insult(s). Both total body and head cooling have been shown to be safe 

and effective and are recommended for treating newborns with moderate to severe 

hie. 
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1. Inclusion criteria. We offer total body cooling to newborns with HIE based on the 

following three criteria (note: a normal neurologic exam does not require 

confirmation by aEEG) 

A. Postmenstrual age (PMA) ≥36 weeks, BW ≥2,000 g. 

B. Evidence of fetal distress or neonatal asphyxia as evidenced by one of the 

following: 

 i. History of acute perinatal event (e.g., placental abruption, cord prolapse, severe 

FHR abnormality). 

ii. Ph ≤7.0 or base deficit ≥16 mmol/l in cord gas or postnatal blood gas obtained 

within the first hour of life. 

iii. 10-minute APGAR score of <5  

iv. Assisted ventilation initiated at birth and continued for at least 10 minutes. 

C. Evidence of moderate to severe neonatal encephalopathy by examination and/or 

aEEG as follows: 

i. Primary method for determining neonatal encephalopathy is physical examination. 

ii. If the examination shows moderate or severe encephalopathy, aEEG should be 

performed to provide further assessment and monitoring  

iii. In circumstances in which physical examination is unreliable (eg. Muscle 

relaxants), an aEEG should be performed to determine whether there is 

encephalopathy. 

iv. Patterns on aEEG that indicate moderate or severe encephalopathy include the 

following, with minimum recording time of 20 minutes.  

a) severely abnormal: upper margin <10 µv. 

b) moderately abnormal: upper margin >10 uv and lower margin <5 microv.c) 

seizures identified by aEEG. 

2. Exclusion criteria: patients may be excluded from this protocol according to the 

judgment of the attending physicians. A. Presence of lethal chromosomal abnormality 
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(e.g., trisomy 13 or 18). B. Presence of severe congenital anomalies (e.g., complex 

cyanotic congenital heart disease, major CNS anomaly).c. Significant bleeding 

diathesis d. Major intracranial hemorrhage.  

Other neuroprotective agents: 

1. Erythropoietin  

2. Melatonin 

3. Xenon 

4. Allopurinol 

5. Topiramate 

6. Stem cells 

Epilepsy syndromes(56) 

Benign infantile neonatal seizures (“fifth-day fits”) 

On days two or three of life, newborns that are otherwise healthy can experience 

benign familial neonatal convulsions. It is important to obtain family history. After a 

variable amount of time, usually six months, seizures end. Voltage-gated potassium 

channels abnormalities, typically KCNQ2 and less frequently KCNQ3, is linked to 

this condition. Although the developmental outcome is typical, 5% to 15% of children 

may experience later nonfebrile convulsions. On days 4 to 6 of life, abruptly presents 

with frequent seizures that result in status epilepticus. Initial focal clonic seizures 

frequently include with apnea. Even while they can linger for a few months, seizures 

typically end within 2 weeks. The SCN2A gene mutations are linked to some 

instances. 

 

a. Early myoclonic epilepsy (EME)- Focal motor seizures and myoclonus, which can 

be subtle and erratic and usually affects the face and limbs presenting in the first few 

days of life. The seizures are quite resistant to treatment. If present throughout the 

sleep-wake cycle, the burst-suppression pattern of the EEG, which is only seen during 

sleep, is made exacerbated by sleep. This syndrome frequently has underlying 
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metabolic diseases like glycine encephalopathy . Infant mortality rates are high and 

development is significantly hampered, frequently within the first year 

 

b. EIEE (Ohtahara's condition) is linked to. refractory epilepsy. It is recognized by 

the early onset of focal motor seizures and tonic spasms. In the early phases of this 

illness, myoclonus is uncommon. It also has a burst-suppression pattern on the EEG 

that is relatively invariant. Structure-related lesions are more likely to be connected to 

EIEE. The developmental prognosis  is equally poor with this disease, with many 

progressing on to develop hypsarrhythmia, a chaotic epileptiform pattern that is 

accompanied by infantile spasms. Epilepsy's intricate molecular genetics has 

identified links between earlier disorders and abnormalities in a number of genes 

(e.g.,ARX, STXBP1, KCNQ2, SCN2A). In this situation, there is no 1:1 relationship 

between phenotype and genotype, and it is possible that the same genetic disease can 

be linked to either EME or EIEE for unidentified pathophysiologic reasons. 

 

c. Malignant migrating partial seizures in infancy (Coppola’s syndrome): 

Symptoms may appear from the first to the tenth month of life,. Focal motor seizures 

start out mildly but progress quickly, changing clinically and electrographically, and 

they are extremely resistant to anticonvulsant drugs. 

Although cases with less than disastrous outcomes have now been recorded, the 

prognosis for a normal end is still grim because of the highly impacted developmental 

status. Despite genetic heterogeneity, the majority of cases are linked to KCNT1 gene 

mutations. Although a recent investigation of quinidine treatment in 40 individuals 

with KCNT1 epilepsy demonstrated seizure control in just 20% of patients, there have 

been reports of responsiveness to quinidine in such patients. Sodium channel blockers 

like phenytoin and carbamazepine are more effective at treating neonatal-onset 

epileptic encephalopathies caused by mutations in the SCN2A and KCNQ2 genes. 

 

 

Other similar studies : 

Clinical neonatal seizures more common in preterm infants than in term infants, 

according to a study by Ronen et al. and Gabriel et al.(20), and Scher and Aso Et 
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Al.(21) reported Compared to older newborns, the relative incidence is greater in 

preterm infants under 30 weeks of gestation, occurring in 3.9% of these neonates. 

  

A recent research by Kohlet et al(22,23) shown that lower gestational age, significant 

systemic and neurological damage, such as intraventricular hemorrhage or 

periventricular leukomalacia, are all independent predictors of newborn seizures. 

Seizures can also occur in 5.6% of very low birth weight infants. 

  

In a research by Yadav et al. (24), subtle seizures were the most frequent form of fits, 

followed by clonic seizures, but tonic-clonic seizures, multi-focal clonic seizures, and 

focal tonic seizures were the most frequent types in a study by Najeeb et al. 

(25).Birth asphyxia most common etiology. 

  

The findings of a related study by Aziz et al.(26) that focal clonic and subtle seizures 

were the most frequently encountered seizure types were corroborated by Roshith et 

alstudy .'s of the etiology, clinical profile, and EEG profile of neonatal seizures, in 

which focal clonic type seizures were more frequently observed than other types. 

The most frequent causes of neonatal seizures, according to research by Park Weon 

et al. (28) are hypoxic ischemic encephalopathy (33.9%), hypocalcaemia (20.5%), 

hypoglycemia (9.6%), sepsis (9.6%), benign idiopathic neonatal seizure (6.8%), 

intracerebral hemorrhage (5.5%), hyponatremia (1.4%), hypernatremia (1.4%),Subtle 

followed by   generalised tonic, focal clonic, multifocal clonic, focal tonic, and 

myoclonic seizures are the most frequent types of neonatal seizures. Some of the 

infants are discovered to have neurologic sequelae, recurring seizures, cerebral palsy, 

and other compounded neurologic issues during follow-up examination. 

In their assessment on the clinical and etiological features of neonatal seizures, Aziz 

et al.(26) showed that the cumulative frequency of neonatal seizures was 3.9%. The 

most frequent cause of newborn convulsions was hypoxic ischemic encephalopathy. 

In preterm neonates, intracranial haemorrhage followed by hypoxic ischemic 

encephalopathy was the most frequent seizure causes. Most patients with hypoxic 

ischemic encephalopathy experienced seizures within the first 72 hours of birth. The 

most frequent seizure types were focal clonic and subtle seizures. 17 neonates (31%) 

experienced primary metabolic seizures. In this group , 70% neonates showed  
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hypocalcaemia as most prevalent biochemical anomaly associated with primary 

metabolic seizures. The second most frequent condition, hypoglycemia, was found in 

41% of the neonates in this group. 

  

In their analysis of neonatal seizures, Anand et al.(28) found that the incidence of 

neonatal seizures was 5.5%. Sepsis and hypoxic ischemic encephalopathy (HIE) were 

the most frequent aetiologies. The most frequent factor contributing to fatality was 

HIE. In the majority of fatality cases, abnormal EEG with suppressed background 

activity was detected. 

  

Seizures were documented in 142/1572 (9.0%) of neonatal admissions, according to 

Mwaniki, Michael et al. (29) in their study on "Neonatal seizures at a rural Kenyan 

District Hospital. Incidence rose with birth weight and was 39.5 per 1000 live births. 

Sepsis was the most common diagnosis in newborns with seizures, accounting for 85 

(60%), neonatal encephalopathy for 30, and meningitis for 21, but only bacterial 

meningitis and neonatal encephalopathy were independently related with seizures. 

Compared to neonates without seizures, those with seizures required a lengthier stay 

in the hospital. Overall, there was no difference between neonates with seizures and 

those without in terms of inpatient case fatality; however, when this outcome was 

stratified by birth weight, it was shown that neonates above 2.5 kg had a considerably 

greater rate of fatality than those under that weight. When they were discharged, up to 

13% of the surviving newborns with seizures developed neurological problems. 

  

Seizures were noted in 2.7% of the 3659 newborns studied by Nunes et al. (30).   

Hypoxic ischemic encephalopathy (51%) was the cause more frequently associated to 

seizures and also to post-neonatal epilepsy (53%).    In the follow-up, 35  had 

developmental delays, 25  acute neonatal illness-related deaths, 9 deaths in the first 

year of life, 19 had post-neonatal epilepsy diagnoses, and 11 showed a link between 

these two comorbidities. Developmental delay was shown to be significantly 

associated with abnormal postnatal EEG and neuroimaging (p=0.014, p=0.026). 

Compared to neonates from the same cohort who did not have seizures, the group of 

newborns who experienced seizures showed a higher chance of developing epilepsy. 
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The cumulative frequency of seizures was 7.1%, according to Balaka et al 

prospective .'s one-year study in the paediatric department of the University Hospital 

in Togo, which included 192 men and 152 women. The prevalence of seizures was 

95.9% in newborns with 0 to 21 days and 52.6% in neonates with 1 day or less. 68% 

of people reported having focal seizures, while 24.4% had generalised tonic-clonic 

seizures. The etiologies were characterized by perinatal asphyxia and neonatal brain 

damage. With 16 neonates dying from convulsions, there was a 4.7% direct mortality 

rate. At discharge, eight (2.3%) of the surviving babies had severe 

neurodevelopmental impairments He stated “ given the associated unfavourable 

perinatal events are mainly preventable and mortality (34.5%) was closely tied to the 

etiology, better prenatal and perinatal health care delivery should result in a decrease 

frequency of neonatal seizures. (71) 

  

In their research on the biochemical abnormalities of neonatal convulsions, Sood et al 

(33) made the following observations. In 10 (16.94%) of the instances of neonatal 

convulsions, among primary metabolic abnormalities, the most frequent  were 

hypocalcaemia and hypoglycemia. Other metabolic abnormalities included 

hypomagnesaemia and hyponateremia. 19 instances (38.77%) of neonatal 

nonmetabolic seizures had biochemical abnormalities. Hypoxic-ischemic 

encephalopathy was associated with metabolic abnormalities more frequently (11 out 

of 19 cases), and hypoglycemia predominated in this group.  

  

In their investigation, Yadav et al. (24) discovered that hypocalcaemia was the most 

prevalent metabolic imbalance, followed by hypoglycemia, hypomagnesimia, and 

hyponatremia, in that order. 

According to a research by Dinesh Das et al. on biochemical anomalies in newborn 

convulsions, hyponatremia is the most common biochemical aberration associated 

with non-metabolic seizures, including HIE. (34). A more prevalent metabolic 

disorder is hypoglycemia, especially in babies with low birth weight. Although rare, 

hypomagnesemia with hypocalcemia has happened. 
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According to observations by Griffith et al (32) in both newborn infants and mature 

animals, concurrent hypoglycemia increases the brain's susceptibility to ischemic 

assaults. 

  

While Keen Et Al(47) noted Late-onset hypocalcaemia brought on by the use of 

high-phosphate infant formula as a common cause of seizures and Lynch and Rust et 

al(35) in 1994 observed that both hypocalcemia and hypomagnesemia induces 

seizures. 

  

17 newborns (31%) in Aziz et al study .'s exhibited primary metabolic seizures. In 

this group, 70% neonates, hypocalcaemia was the most prevalent biochemical 

anomaly associated with primary metabolic seizures. The second most frequent 

condition, hypoglycemia, was found in 41% of the newborns in this group. 

  

In their assessment on neonatal seizures, Park Weon et al.(28) discovered that HIE 

was the most common etiology. The most frequent biochemical imbalance among 

metabolic causes is hypocalcaemia, which is followed by hypoglycemia and 

hyponatremia.  

  

Hyponatremia is known to have severe neurological developmental effects, such as an 

increased chance of cerebral palsy and an increased risk of hearing loss, in addition to 

triggering seizures, according to research by Eril et al. (36). 

  

According to a study by Dinesh Das et al.(34), hyponatremia is the biochemical 

condition most frequently linked to non-metabolic seizures, particularly HIE. 

  

Neonatal seizures are most frequently caused by hypoxic-ischemic encephalopathy, 

which affects 1 to 2 out of every 1,000 live newborns, according to extensive research 

by Lanska et al., Ronen et al., and Saliba et al. (37-39). 

  

About two thirds of the cases in a recent research from a neonatal intensive care unit 

with tertiary referral by Tekgul et al. were linked to cerebrovascular diseases or 

hypoxic-ischemic encephalopathy. According to the research mentioned above, 
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infants who have newborn encephalopathy as a result of hypoxia ischemia are at an 

especially high risk for seizures. (40). 

Seizures were common (40–60%) at the time of randomization, according to two 

more recent clinical trials on hypothermia for the treatment of neonatal hypoxic 

ischemic encephalopathy by Shankaran et al and Gluckman et al(41,42). 

  

According to  Mercuri et al. and Scher et al., cerebral infarction and stroke are the 

second most frequent causes of newborn seizures. These conditions affect otherwise 

term infants who have no history of preexisting risk factors and manifest with right 

sided clonic seizures. (43,44) 

In their research on neonatal seizures,  

  

Sheth et al. and Scher et al. found that 10% to 15% of seizures were caused by 

intracranial hemorrhage. The most frequent in preterm newborns is intra-ventricular 

hemorrhage, also known as periventricular hemorrhagic infarction, which accounts 

for about 45% of preterm seizures. (45,46).  
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                               MATERIALS AND METHODS  

Source of data : 

Study is  conducted in the department of pediatrics and data is collected of term 

infants delivered by vaginal or caesarean delivery in Sri Dharmasthala 

Manjunatheshwara College of Medical Sciences and hospital , Dharwad .  

Subjects : the study included all term, preterm, postterm neonates  

Inclusion criteria : 

All term ,preterm, post term babies with neonatal convulsions were included for the 

study. 

Study area :  

Study was conducted in department of pediatrics , Sri Dharmasthala 

Manjunatheshwara college of Medical Sciences and Hospital , Dharwad .  

Study period :  January 2021 to February  2022  

Methods of collection of data : 

Study design :  

It is a hospital based prospective observational study .  

Consent and ethical clearance :  

An informed consent were obtained from the parents of the newborn before enrolling 

them in the study demographic profile and relevant information was collected by 

structured proforma . 

The study was approved by the institutional ethical committee (ref : sdmcms&h/iec 

:34 :2021) 

Interventions :  

The data was collected from 60 neonates who met the inclusion criteria in a 

predesigned proforma . The data regarding convulsions on which day of life it 
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occurred ,type  of convulsions .serum electrolytes ,serum calcium , serum magnesium 

, serum glucose, screening hemogram of all the neonates were documented .the 

detailed history and general physical examination was performed. 

 

 

     cobas c 501 figure-1 

Statistical analysis : 

Descriptive analysis: For quantitative variables by mean and standard deviation, 

number and proportion for categorical variables, a descriptive analysis was carried. 

Data represented by appropriate bar diagram, pie diagram . 

Quantitative outcome 

By comparing the mean values the association between categorical explanatory 

variables and quantitative outcome was assessed. mean differences with their 95% ci 

were presented. For assessment of statistical significance, Independent sample t-test, 

anova, paired t- test were used. By calculating pearson correlation coefficient, 

association between quantitative variables and out come was assessed and data 
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represented in a scatter diagram. Liner regression analysis was done. Regression 

coefficient, along with its 95% CI and P values are presented. 

Categorical outcome 

By cross tabulation and comparison of percentages, the association between 

explanatory variables and categorical outcomes was assessed. 95% CI and Odds ratio 

is presented. To test statistical significance chi square test was used. p value < 0.05 

was considered statistically significant.  
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                                                RESULTS 

 

The present study was conducted in the department of pediatrics , Shri Dharmasthala 

Manjunatheshwara Medical College , Dharwad from January 2021 to Feb 2022 . In 

the study period  60  newborn were included .      

                                                     Table.3 

               Table describing mode of delivery in study population 

Mode of delivery Frequency Percent 

Ftvd 29 48.3 

Lscs 29 48.3 

Vaccum  assisted ftvd 2 3.3 

 

In my study ,among 60 newborn with neonatal seizures ,29 (48.3% )by normal 

vaginal delivery , 29 by caesarean section (48.3%) and 2 by forceps delivery(3.3%).  

(table 1& fig 1).                                     

                                                     Figure.2 

                      Diagram showing mode of delivery  in study population 

 

FTVD, 48.30%

LSCS, 48.30%

VACCUM FTVD, 
3.30%
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                                                   Table.4 

                  Table showing inborn/outborn babies in study population 

Inborn/outborn Frequency Percent 

Inborn 28 46.7 

Out born 32 53.3 

Total 60 100.0 

 

In the study population, the inborn babies were 28(46.7%) and the babies born outside 

and referred to sdm hospital were 32(53.3%). (table2, fig 2). 

 

                                                             Figure.3 

                          Diagram representing inborn/outborn babies in study population 

 

 

                                                 

 

 

 

                                                             

Inborn, 46.70%

Out born, 53.30%
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                                                        Table.5 

                               Table showing gender in study population 

Gender  Frequency Percent 

Male  39 65.0 

Female  21 35.0 

 

In the study population, 39 (65%) were the male babies and 21 (35%) were female 

babies. (table 3, fig 3) 

 

                                                   Figure.4 

                Diagram representing  gender distribution in study population 

 

 

 

 

Boy, 65.00%

Girl, 35.00%
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                                                        Table.6 

                   Table showing of term/preterm babies in study population 

 

Term/preterm  Frequency Percent 

Preterm 7 11.7 

Term 53 88.3 

 

In the study population, 7 (11.7%) were the preterm and 53 (88.3%) were term. (table 

4, fig 4) 

 

 

                                                  Figure.5 

            Diagram representing term/preterm babies in study population 

 

 

                                           

                                                

                                                          

Preterm, 11.70%

Term, 88.30%
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                                                            Table.7 

        Table showing  birth weight of babies with seizures  in study population 

Birth weight  Frequency       percentage 

>3.5kg 4 6.6% 

2.5kg-3.5kg 44 73.3% 

1.5kg-2.4kg 11 18.3% 

1kg-1.4kg  0 0% 

<1kg 1 1.6% 

 

In  the study population 4(6.6%) were more than 3.5kg, 44(73.3%) were 2.5kg-3.5kg 

babies, 11(18.3%) were 1.5kg-2.4kg babies and 1 (1.6%) was less than 1kg  babies  

respectively. (table 5, fig 5).                                                       

                                                        Figure.6 

             Diagram representing birth weight of babies with seizures  in study     

                                                             population

 

Number 
>3.5kg :6.6%

2.5kg-3.5kg:73.3%

1.5kg-2.4kg:18.3%
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                                                       Table.8 

                    Table describing of day of onset of seizures in study population 

Age/day of life  Frequency Percent 

Day 1 28 46.7 

Day 2-3 12 20.0 

Day 4-7 8 13.3 

Day >8 12 20.0 

 

In the research, there were 28 (46.7%) neonates with day 1 seizure start, 12 (20%) 

with days 2 to 3, 8 (13.3%) with days 4 to 7, and 12 (20%) with days more than 7. 

Convulsions within the first 3 days account for 66.7% of cases. (table 6, fig 6). 

                                                     Figure.7 

            Diagram representing day of onset of convulsion in study population 

 

                                    

                                                       

Day 1, 46.70%

Day 2-3, 20.00%

Day 4-7, 13.30%

Day >8, 20.00%
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                                                           Table.9 

                   Table describing of type of seizures in study population 

Type of seizures  Frequency Percent 

Clonic 3 5.0 

Subtle 35 58.3 

Tonic 22 36.7 

 

In the study population, 35 newborns (58.3%) had mild seizures, 22 (36.7%) had tonic 

seizures, and 3 (5.0%) had clonic seizures. (table 7, fig 7). 

 

 

                                                        Figure.8 

                 Diagram representing  type of seizures in study population 
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                                                           Table.10                                         

                    Table describing etiology of seizures in study population 

 

Various abnormalities Number Etiology 

 

Percentage  

 

HIE 32 Birth asphyxia  56.7 

Hypoglycaemia 9 5-fulty feeding  

4-sepsis  

15.0 

Hypocalcaemia 

  early onset 

  late onset 

 

8 

1 

6- birth asphyxia  

3-sepsis  

15.0 

Hypomagnesaemia 1  1.7 

Hypernatremia 2 Hypernatremic dehydration 3.3 

Sepsis 8 Los 13.3 

 

Out of 60 subjects in my study reported:32 (56.7) neonates were reported hie, 9 (15%) 

neonates were reported hypogycaemia,(5-faulty feeding and 4-sepsis), 9 (15%) 

neonates were reported hypocalcemia (8-early onset and 1 late onset), 1 (1.7%) 

neonates were reported hypomagnesemia ,2 (3.3%) neonates were reported 

hypernatremia ,8 (13.0%) neonates were reported sepsis(late onset sepsis).                                              
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                                                      Figure.9 

                   Diagram showing  etiology of seizures  in study population 
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                                            DISCUSSION  

Most common neurological disorders in newborn are seizures. Term babies have more 

prevalence than preterm babies. In full term babies most common cause of seizure is 

birth asphyxia. Metabolic problems were present in asphyxiated infants, including 

hyponatremia, hypoglycemia, hypocalcaemia and hypomagnesmia. Some of these 

biochemical disturbances may trigger seizures or potentiate further brain damage in 

asphyxiated infants. The time of onset of  seizures is an important clue of etiology. 

Neonatal seizure is an acute emergency which is responsible for morbidity and 

mortality. Early diagnosis and appropriate intervention can prevent from further 

deterioration of brain functions. 

In my study,  60 neonates got admitted into the neonatal intensive care unit with 

seizures in SDM medical college during study period.  

In 60 neonates, 53 (88.3%) were full term neonates and 7  (11.7%) are 

preterm co ,no post term babies in my study. Among 60 neonates, appropriate for 

gestational age were 47 (78.3%), small for gestational age were 10 (16.7%), large for 

gestational age were 3 (5.0%). Majority in my study were full term appropriate for 

gestational age neonates. Similar observational in study by Aziz et al(26)where 65% 

constitutes  of term babies and 35% preterm and 68% AGA, 26% SGA and 6% LGA. 

Studies by Park weon et al (28) and Dinesh das et al (34), reported higher incidence 

in term babies then preterm neonates. Dinesh das et al(34) study showed term with 

seizures are 91.3% , preterm 7.8% and posterm 0.9 % . 

In our study neonatal seizures common in male babies about 

65.0% and female neonates about 35.0%, with a male:female ratio of about 1.8:1. 

Studies by Aziz et al (26) (male 60%,female 40%) and Dinesh das et al (34) (male 

62.6%, female 37.4% ) reported male predominance. Another study by Tekgul et al 

(40) showed male:female ratio to be 1.15:1 whereas Sudia et al (48) study showed  

1.73:1 ratio , supporting my study that male predominance. 

In my study, 29  babies (48.3%)  born by normal vaginal delivery had 

neonatal convulsion , 29 babies (48.3%) by caeserian section had neonatal convulsion 

and 2 babies (3.3%) by forceps delivery had neonatal convulsion . In a study of 

neonatal seizures conducted by Mahaveer et al, 68.7 percent were delivered 

vaginally, 28.1% via lower segment caesarean section, and 3.1 percent via forceps 

delivery.(89)  
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In my study birth weight >3.5kg neonates with neonatal convulsion 

were 4 neonates (6.6%) ,  birth weight 2.5kg-3.5kg  neonates with neonatal 

convulsion were 44 neonates (73.3%)  and birth weight 1.5kg-2.4kg neonates with 

neonatal convulsion were 11 neonates (18.3%) and birth weight <1kg  neonates with 

neonatal convulsion were 1 neonate (1.6%). Similar study by Dinesh das et al(34) 

where neonates 65% were >2.5 kg and 35% were <2.5kg respectively. Observational 

study by moayedi and zakeri showed finding of > 2.5 kg  73.6% and < 2.5 kg  22.7% 

[6]. In Study by Moayedi and zakeri Showed finding of 73.6% > 2.5 kg and 22.7% < 

2.5 kg [88]. study population also showed 24 (72.7%) were 2.5kg-3.5kg babies, 

8(24.24%) were 1.5kg-2.4kg babies and 1 (3.03%) were less than 1kg babies 

respectively. 

                         In my study our of  60 neonates with seizures , within 24 hours were 

28(46.7%)  , 12 neonates between 24-72 hours (20.0%) , between day 4 to 7 were 8 

babies (13.3%) and above 7 days were 12 babies. Thus during the first 3 days of life 

most of the seizures occurred    contributing about 60% of neonates in my study. 

Comparable findings were reached by Dinesh das et al(34), who found that 71.3% of 

seizures occurred within 3 days, and by Nawab et al(49), who found that 73.6% of 

newborn seizures occurred within 3 days, which is similar to my study. 

In our study subtle seizures are the most common type of neonatal 

seizures contributing to 58.3% in about 35 neonates , tonic seizures is 36.7%(22) and 

clonic seizures is  5.0%(3) of neonates. Similar research were published by Sudia et 

al., who found that 10% of newborns had mild seizures, followed by generalized tonic 

and multifocal clonic seizures in 19.33% of cases. According to Dinesh das et al. (34), 

the most prevalent form of seizures in their investigations were tonic-clonic seizures 

in 15.7% of newborns and subtle seizures in 42.6% of neonates. Similar to my study, 

investigations by Yadav et al. (24), Park weon et al. (28) and Nawab et al. (49) 

found that mild seizures were the most frequent form. 

In our study babies with metabolic disturbances, hypoglycemia 

contributing to about `15.0% that is 9 babies, following hypocalcaemia were 9 

neonates (15.0%) , hypernatremia were 2 neonates (3.3%), hypomagnesemia 1 

neonates (1.7%). combination reported were hypoglycemia and hypocalcaemia and 

hypocalcaemia and hypomagnesemia in my study in preterm neonates. 48.27% of 59 

newborns in a research by Sood et al (33) had hypoglycemia, 48.27% had 
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hypocalcaemia, 17.25% had hyponatremia, and 17.24% had hypomagnesemia, which 

is comparable to my data. Incidence of hyponatremia was 45.5%, hypoglycemia was 

50%, hypocalcaemia was 31.8%, and hypomagnesemia was 13.63%, In 89 (59.3%) of 

150 patients, comparable metabolic anomalies were seen, according to a research by 

Kumar et al. (27) Of them, hypoglycemia and hypocalcaemia accounted for 39 

(43.8%) and 28 (35.4%) instances, respectively. Similar to my results, Sameer 

kumar Jain et al(50), Shah et al (51) and Iype Maya Prasad et al (52) reported 

hypoglycemia to be the most prevalent metabolic abnormality, followed by 

hypocalcemia. Further Dinesh das et al (34) study showed hypoglycemia was more 

prevalent in preterm neonates in his study. Yadav et al (24) and Sarkar et al (53) 

study commonest biochemical abnormalities is  hypocalcemia followed by 

hypoglycemia in their study.  
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CONCLUSION 

Neonatal seizures are symptom of underlying CNS disorders ,which can be due to 

systemic or biochemical disturbances .the most common presentation of neonatal 

convulsion was subtle seizures followed by focal or multifocal clonic and tonic 

seizures. The time of onset of seizures is an important clue to etiology. Biochemical 

disturbances are commonly transient and are rapidly correctable. Hypoxic ischemic 

encephalopathy was most common etiology of neonatal convulsion followed by 

primary metabolic abnormalities like hypocalcaemia, hypoglycemia. Some of the 

biochemical disturbances may trigger seizure or potentiate further brain damage in 

asphyxiated neonates. The recognization of etiology for the neonatal seizures is often 

helpful with respect to prognosis and treatment. For effective therapy and a positive 

long-term outcome, metabolic abnormalities must be identified and treated as soon as 

possible. 

 

 

             LIMITATIONS OF THE PRESENT STUDY  

 1. There is no continuous video EEG monitoring in our setup and is necessary for 

confirming abnormal electroencephalogram discharge. Hence neonatal seizures 

identified clinically in our study. 

2. Sample size is small need larger study sample for better correlation . 
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                                          SUMMARY  

1. In the present study, neonatal seizures most common in term babies (88.3%) 

compared to preterm neonates.  

2. Most of neonatal seizures is  been noted in babies with birth weight 2.5kg-3.5kg 

(73.3%). 

3. There was a male predominance (65.0%) of neonatal seizures. 

4. Most neonatal seizures were noted in  the first 3 days of life (66.7%) 

5. Subtle seizures was the most common type of seizures observed in the study. 

6. He most common etiology noted in my study was HIE(53.3%),  hypoglycemia 

(15%) , hypocalcaemia (15%) and sepsis (13.0%). 

7. In our study 32(53.3%) babies with HIE with convulsions with 48 hours of life 

.9(15%) babies with hypoglycemia ,8(13.0%) babies with convulsion secondary to 

LOS ,convulsions after 72 hours of life. 

8. There combination cases reported are hypernatremia with hypocalcaemia (1), 

hypocalcemia/ hypomagnesemia (1), hypocalcaemia with HIE(4), 

hypoglycemia/hypocalcaemia(2), and convulsion in IEM baby(MSUD 

encephalopathy)(1) and convulsion in SIRS baby(1). 
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                                        ANNEXURE 1 

                         INFORMED CONSENT FORM  

INVESTIGATOR:                                                                                                        

 DR . BASAVAKUMAR M B                                                                           

POST GRADUATE STUDENT ,DEPT OF PAEDIATRICS          

SDM MEDICAL COLLEGE OF MEDICAL SCIENCES AND HOSPITAL  

SATTUR , DHARWAD -580009    

                                                               

GUIDE : 

DR . KAVITA KONDED  

PROFESSOR, DEPT  OF PAEDIATRICS 

SDM MEDICAL COLLGE OF MEDICAL  AND HOSPITAL                  

SATTUR , DHARWAD -580009 

TITLE OF THE STUDY-“ A COMPARATIVE STUDY OF CLINICAL PROFILE  

 

,BIOCHEMICAL ABNORMALITIES IN NEONATAL SEIZURES IN TERM AND 

 

PRETERM NEONATE IN TERTIARY CARE CENTER.” 

 

I  ………….  declare that I have been informed in detail about the dissertation- “A 

COMPARATIVE STUDY OF CLINICAL PROFILE ,BIOCHEMICAL 

ABNORMALITIES IN NEONATAL SEIZURES IN TERM AND PRETERM 

NEONATE IN TERTIARY CARE CENTER” and I hereby give consent to be 

included as a subject in it. 

I have been informed to my satisfaction by the attending doctor, 

Dr.Basavakumar M B, the purpose of the study, that the study consists of 

sample of  blood will be collected for biochemical analysis and clinical type 

was observed . I have also been informed about the cost of investigations in 

detail and explained  regarding the risks involved. 

 

I also give full consent to use the data obtained during the study for the purpose 

of publication professional journal . 

 

This has been explained to me in the language I understand and I hereby voluntarily 

and unconditionally give my consent without any fear or pressure in mentally sound 
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and conscious state to participate in this study. 

I have read and understood the consent. 

 

 

I hereby give consent to participate in this study. 

 

Signature of the doctor (investigator) Signature of the patient 

guardian 

 

  Name of the doctor                                                       Name of the guardian: 

                                                                                

                                                                                 Address: 

                                                                                 Mobile number: 

                                                                                       Signature of the witness: 

                                                                                              

                                                                                           Name: 

                                                                                                                                                                              

                                                                                           Relationship: 

 

Date:  

 

Place:  
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ಶ್ರ ೀ ಧರ್ಮಸ್ಥ ಳ ಮಂಜುನಾಥೇಶ್ವ ರ ವೈದ್ಯ ಕೀಯ ರ್ಹಾವಿದ್ಯಯ ಲಯ, ಸ್ತ್ತು ರು, 

ಧಾರವಾಡ 

 

ಸ್ರ್ಮ ತಿ ಪತ್ರ  

ನಾನು                          , ಈ ಮೂಲಕ ತಿಳಿಸುವುದೆನೆಂದರೆ  

ಡಾ ಬಸವಕುಮಾರ್ ಎಂ ಬಿ ಅವರು “ಕಿ್ಲನಿಕಲ್ ಪ್ರೊ ಫೈಲ್ ನ ತುಲನಾತ್ಮ ಕ ಅಧ್ಯ ಯನ, 

ತೃತೀಯ ಆರೈಕೆ ಕೇಂದ್ೊ ದ್ಲಿ್ಲ  ನವಜಾತ್ ಶಿಶುಗಳ ರೀಗಗೊ ಸ್ತ ವಾಗುವಿಕೆಗಳು ಮತುತ  

ಪ್ೊ ಸ್ವಪೂವವ ನವಜಾತ್ ಶಿಶುಗಳಲಿ್ಲನ ಜೀವರಾಸಾಯನಿಕ ಅಸ್ಹಜತೆಗಳು” ಬಗೆ್ಗ  

ನನಗ್ಗ ವಿವರವಾಗಿ ತಿಳಿಸಲಾಗಿದೆ ಎೆಂದು ನಾನು ಘೋಷಿಸುತ್ತ ೋನ ಮತ್ತತ  ಅದರಲಿ್ಲ  

ಭಾಗವಹಿಸುವವನಾಗಿ ಸೇರಿಸಲು ನಾನು ಈ ಮೂಲಕ ಒಪಿ್ಪ ಗ್ಗ ನೋಡುತ್ತ ೋನ. 

 

ಅಧ್ಯ ಯನದ ಉದೆದ ೋಶ / ಗುರಿ / ಅಗತ್ಯ  ಗಳು / ವಿಧಾನಗಳು ಮತ್ತತ  ಅಧ್ಯ ಯನದ ವಿವರವಾಗಿ 

ವಿವರಿಸಲಾಗಿದೆ. ನನಗ್ಗ ವಿವರಿಸಿದ ಅಧ್ಯ ಯನದ ಉದೆದ ೋಶ ಮತ್ತತ  ಸವ ರೂಪವನುು  ನಾನು 

ಹೆಂದಿದೆದ ೋನ ಮತ್ತತ  ಅಧ್ಯ ಯನದ ಬಗೆ್ಗ  ಪರ ಶ್ನು ಗಳನುು  ಕೇಳುವ ಅವಕಾಶ ನನಗ್ಗ ಸಿಕಿ್ಕದೆ. 

 

ಅಧ್ಯ ಯನವು ಬಳಿಿಯ ರಕತ ದ ಮಾದರಿಯನುು  ಜನನದ ಸಮಯದಲಿ್ಲ  

ಸಂಗರ ಹಿಸಲಾಗುವುದು ಮತ್ತತ  ಸರಣಿ ಟ್ರರ ನ್್ಸಕ್ಯಯ ಟೇನಯಸ್ ಬಿಲ್ಲರುಬಿನ್ಸ ಮಟ್ಟ ವನುು  

ವೇರಿಯೊಸ್ ಸಿೋರಿಯಲ್ ಪಾಯೆಂಟ್ಗಳಲಿ್ಲ  ಮಾಡಲಾಗುತ್ತ ದೆ . 

 

ತ್ನಖೆಯ ವೆಚ್ಚ ದ ಬಗೆ್ಗ  ವಿವರವಾಗಿ ನನಗ್ಗ ತಿಳಿಸಲಾಗಿದೆ ಮತ್ತತ  ಅಪಾಯಗಳ ಬಗೆ್ಗ  

ವಿವರಿಸಲಾಗಿದೆ. 

 

ಪರ ಕಟ್ಣೆಯ ವೃತಿತ ಪರ ನಯತ್ಕಾಲ್ಲಕಗಳ ಉದೆದ ೋಶಕಿಾ ಗಿ ಅಧ್ಯ ಯನದ ಸಮಯದಲಿ್ಲ  

ಪಡೆದ ಡೇಟ್ರವನುು  ಬಳಸಲು ನಾನು ಸಂಪೂರ್ಣ ಒಪಿ್ಪ ಗ್ಗ ನೋಡುತ್ತ ೋನ. 

 

ನಾನು ಅರ್ಣಮಾಡಿಕೊಳಿುವ ಭಾಷೆಯಲಿ್ಲ  ಇದನುು  ನನಗ್ಗ ವಿವರಿಸಲಾಗಿದೆ ಮತ್ತತ  ಈ 

ಅಧ್ಯ ಯನದಲಿ್ಲ  ಭಾಗವಹಿಸಲು ನಾನು ಮಾನಸಿಕವಾಗಿ ಮತ್ತತ  ಪರ ಜ್ಞಾ ಪೂವಣಕ 
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ಸಿಿ ತಿಯಲಿ್ಲ  ಯಾವುದೇ ಭಯ ಅರ್ವಾ ಒತ್ತ ಡವಿಲಿದೆ ಸವ ಯಂಪ್ರ ೋರಣೆಯೆಂದ ಮತ್ತತ  

ಬೇಷರತ್ತತ ಗಿ ನನು  ಒಪಿ್ಪ ಗ್ಗಯನುು  ನೋಡುತ್ತ ೋನ. 

 

ನಾನು ಒಪಿ್ಪ ಗ್ಗಯನುು  ಓದಿದೆದ ೋನ ಮತ್ತತ  ಅರ್ಣಮಾಡಿಕೊೆಂಡಿದೆದ ೋನ. 

 

ಈ ಅಧ್ಯ ಯನದಲಿ್ಲ  ಭಾಗವಹಿಸಲು ನಾನು ಈ ಮೂಲಕ ಒಪಿ್ಪ ಗ್ಗ ನೋಡುತ್ತ ೋನ. 

 

ವೈದ್ಯ ರ ಸ್ಹಿ (ತ್ನಿಖಾಧಿಕಾರಿ)    ರೀಗಿಯ 

ಪಾಲಕರ ಸ್ಹಿ 

 

 

ವೈದ್ಯ ರ ಹೆಸ್ರು (ತ್ನಿಖಾಧಿಕಾರಿ): 

ಡಾ ಬಸವಕುಮಾರ್ ಎಂ ಬಿ  

 

ರಕ್ಷಕರ ಹೆಸ್ರು: 

ವಿಳಾಸ: 

ಮೊಬೈಲ್ ಸಂಖೆಯ : 

 

ಸಾಕಿಯ ಸ್ಹಿ:                                                                                                                              

ಹೆಸ್ರು: 

ದಿನಾಾಂಕ: ಸಂಬಂಧ್: 

ಸ್ಥ ಳ: ವಿಳಾಸ: 
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                                     ANNEXURE II  

                              PROFORMA FOR STUDY 

Name: 

Day of life: 

Sex: 

Address: 

Informant: 

Op no: 

DOA: 

Date of death/ date of shift out of NICU: 

Duration of stay in NICU: 

Chief complaints: 

 

Mode of delivery: 

 

General physical examination: 

Weight:                                   length:                       head circumference : 

Anterior fontanel: 

Gestational age: 

Vitals:- 

1)HR-                                                   6) peripheries extremities- 

2) RR-                                                    7) axillary temperature- 

3) capillary refill time-                        9) GRBS- 

4) Spo2                                                10) APGAR-     1 min- 

5) peripheral pulses-                                                 5 min – 
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CVS- 

• RS- 

• Per abdomen- 

• CNS  -cry  

           -activity 

          -tone 

• Pupils 

• Neonatal  reflex  moro’s: 

Moros reflex- 

Rooting reflex- 

Sucking reflex- 

Grasp reflex – palmar grasp reflex: 

                        plantar grasp reflex: 

• Diagnosis: 

   Mothers details.  

• Age: 

• Gravida: 

• Mothers blood group: 

• Maternal risk factors: 

• PIH 

• GDM 

• PROM 

• Maternal malnutrition  

• Maternal drug intake – 

• Maternal medical illness - 

Day of convulsion - 

Type of convulsion: 
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Investigation :                                                                                      

Hemogram- 

Haemoglobin   

PCV 

Platelet count            

Leucocyte count 

 neutrophil: 

Lymphocytes: 

Monocytes: 

Eosinophils: 

CRP 

Blood culture    

S. Electrolytes- S.sodium                              

                          S.potassium                                                       

                          S.chloride -                                                             

S.calcium –Total-                                                                                       

                   Ionized                                                                                    

S.magnesium                                                                                             

S.glucose                                                                                                     

S.phosphrous                                                                                        

S.ammonia                                                                                                  

S.lactate                                                                                                     

S. Reducing substances 

Urine ketone bodies 

USG cranium 

CSF analysis  

Impression-      
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ETHICAL CLEARANCE                       
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                                   PHOTOS 

Figure-10 

 

 Figure-11 

 

 

 

 

 

 

 

 

Subtle seizures(starring look ) 

Tonic and clonic seizure 
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Figure-12 

   

Figure-13 

  

Tonic seizures(tonic posturing) 

Subtle seizures(uprolling of eyes 

with fisting) 


