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ABSTRACT 

Background:-  

• Perinatal asphyxia is one of the most common cause of neonatal mortality and morbidity in India. Its 

incidence being 1 to 6 in 1000 live full term births.(1) 

• Asphyxiated newborns are more prone to hypoxic injury, so in these cases any organ can be affected 

,but the brain , myocardium , kidneys and bowel appear to be more sensitive to hypoxic injury. 

Hypoxic damage can occur to most of the infant’s organs – , kidneys-50%  brain-28% ,heart -25%  , 

lungs -23% , liver  , gut.(4) 

It is important to recognize renal injury in asphyxiated neonates to facilitate the administration of 

appropriate fluid and electrolyte replacement as maintaining the optimal biochemical values for the better 

outcome of the neonate.  Early recognition of AKI in birth asphyxia to prevent further renal damage. 

 

Materials and methods: - Study is conducted in the Department of Paediatrics and data is collected of term 

infants delivered by vaginal or caesarean delivery in SRI DHARMASTHALA MANJUNATHESHWARA 

COLLEGE OF MEDICAL SCIENCES AND HOSPITAL , DHARWAD .  

Babies were subjected to RFT , urine sodium , urine creatinine and FENa  values were collected , mean 

serum creatinine , sodium , potassium values has been measured and P value < 0.005 was considered 

significant. 

Conclusion: - Perinatal asphyxia is an important cause of neonatal renal AKI. Hyponatremia , hyperkalemia , 

hypocalcemia occur in these neonates , which may cause increased morbidity and mortality. Severe 

hyponatremia should be suspected if there is severe birth asphyxia and vice versa. Hence its level should be 

regularly monitored to prevent the problems associated with it. This study found that monitoring of blood urea 

, serum creatinine , serum electrolytes help in the early diagnosis and management of AKI. It has linear 

correlation with severity of birth asphyxia. In asphyxiated neonates , correlation of biochemical parameters 

with the urine output is necessary to ensure that the kidneys are functioning optimally. The biochemical 

parameters in both blood and urine should be monitored. The renal indices should be calculated, as fractional 

excretion of sodium is preferred to classify the renal AKI into pre-renal or intrinsic AKI as management differs 

for both entity.  

 

 



2 
 

 

INTRODUCTION 

Perinatal asphyxia is a condition in the first and second stages of labor where there is improper gas 

exchange leading to fetal hypoxia and hypercarbia. 

The focus in the perinatal asphyxia is mostly on the brain due to HIE with sequele in large number of 

case with neonatal mortality and morbidity in India. Its incidence being 1 to 6 in 1000 live full term 

births.(1) 

Perinatal asphyxia is also most common cause for still births in India.(2) 

Perinatal asphyxia is a medical condition due to decreased oxygenation to a newborn infant that lasts 

long enough during the birth process to cause physical harm , usually to the brain. It is also an inability 

to establish and sustain adequate or spontaneous respiration upon delivery of the newborn. Perinatal 

asphyxia is also an oxygen deficit from 28th week of gestation to the first seven days following delivery. 

It is an insult to the fetus due to lack of oxygenation and perfusion to various vital organs and may be 

associated with lack of ventilation.(2) 

The inability to initiate and maintain breathing during delivery is referred to as perinatal asphyxia. In 

accordance with WHO , perinatal asphyxia is characterized by – profound metabolic acidosis , with a PH 

< 7.0 on umbilical arterial blood sample , persistent of an APGAR score of 3 or less at 5th minute.(3) 

Based on APGAR score at first minute , asphyxiated neonates are differentiated into 3 stages(3) 

• Mild – APGAR score of less than 7 

• Moderate – APGAR score of less than 5 

• Severe – APGAR score of 3 or less. 

NNPD( national neonatal perinatal database) 2000, defined as “An APGAR of 4-6 or slow gasping 

breathing indicates moderate asphyxia, whereas an APGAR of 0-3 or no breathing indicates severe 

asphyxia. Asphyxiated newborns are more prone to hypoxic injury, so in these cases any organ can be 

affected, but the brain , myocardium , kidneys and bowel appear to be more sensitive to hypoxic injury. 

Most common organ to be affected is the kidneys. 

Hypoxic damage can occur to most of the infant’s organs – kidneys-50%  brain-28% ,heart -25%  , lungs 

-23% , liver  , gut.(4) 

In the phase of persistent apnea or bradycardia, ventilation with the use of bag and mask or equivalent 

device is indicated, and it constitutes the critical step in managing birth asphyxia. 
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In severely asphyxiated cases, if an infant survives, it will damage the brain and manifested as 

developmental delay, intellectual delay and neurological sequelae. It results most commonly from 

antepartum causes a dip in the mother's blood pressure or some other significant obstruction to the baby's 

brain's blood flow during delivery. This can occur due to inadequate perfusion, impaired respiratory 

efforts, or inadequate ventilation.(13) 

Perinatal asphyxia can be the cause of hypoxic ischemic encephalopathy or intra ventricular hemorrhage, 

especially in preterm births. An infant with severe perinatal asphyxia usually has poor color, perfusion, 

responsiveness, muscle tone, and respiratory effort as reflected in a low 5 minute Apgar score. Extreme 

degrees of asphyxia can cause cardiac arrest and death. If resuscitation is successful, the infant is usually 

transferred to a neonatal intensive care unit. 

Birth asphyxia is the most common cause of cerebral injury during the neonatal period which can be 

prevented. Full recovery may not occur, many children will have lifelong neurological impairment and 

in some cases with incapacitating disability. 

Definitions based on APGAR scores may be useful for formulating guidelines for the treatment, 

management and prediction of long term outcome of the asphyxiated neonates. (15) 

Calcium is an important second messenger in our body and also helps out muscle function and acts as a 

cofactor for several enzymatic activities. During pregnancy, calcium is transferred actively from the 

maternal circulation to the fetus by a trans placental calcium pump. The majority of the calcium 

accretion occurs in the third trimester. This process results in higher plasma calcium concentration in 

fetus than in the mother and leads to fetal hypocalcaemia.(29) 

After birth, due to the abrupt cessation of placental transfer, calcium levels start falling to 8 to 9mg/dL at 

24 hours of age. Serum calcium then starts rising to reach levels comparable to older children and adults 

by 2 weeks of age.  

Metabolic changes like hypoglycemia, hypocalcaemia, hyponatremia and metabolic acidosis are 

associated with birth asphyxia. 

At birth the kidneys are extremely delicate and immature.(8) 

Kidneys are more sensitive organs for decreased oxygenation, leads to renal insufficiency within 

24hours. Irreversible cortical necrosis with onset of AKI can occur in prolonged hypoxic ischemic 

episodes.(5) 
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In AKI, loss of normal kidney function results from acute or chronic renal injury that may be temporary 

or permanent. Reduced perfusion affects the proximal tubule of kidneys, leading to acute tubular 

necrosis with oliguria. Hence blood urea nitrogen and serum creatinine levels may be elevated.(16) 

Changes such as elevated serum creatinine levels in early kidney function have been associated with 

short and long term consequences, including fluid overload, increased length of hospitalization and 

death.(29) 

Acute Kidney Injury in newborn has been defined as urine output < 0.5ml/kg/hr , blood urea > 40mg and 

serum creatinine of > 1mg%. 

Fractional excretion of sodium (FENa) is the measure of kidney’s ability to reabsorb sodium. It 

represents the percent of filtered sodium that is excreted in the urine and serves as a good index of 

glomerulotubular balance. 

It is important for early recognition of  renal injury in asphyxiated neonates to facilitate  the 

administration of appropriate fluid and electrolyte replacement as maintaining the optimal biochemical 

values for the better outcome of the neonate. 

Good supportive care is essential in the first 72 hours after asphyxia to prevent ongoing brain injury in 

the penumbra region. Strict monitoring and prompt correction is needed for common problems including 

maintaining temperature, blood sugar, renal parameters and oxygenation.(9) 

Detailed renal function is beneficial for reasonable management and timely intervention such as 

antibiotic dosage choice and parenteral nutrition, studies on the early renal function status of preterm 

neonates of different GA s within 24 hours after the development of birth asphyxia are rare. (26) 

This study is to find out changes in serum sodium , potassium and calcium in different degrees of 

asphyxia. 

Therefore this study is aimed to observe the serum biochemical values and renal parameters in 

asphyxiated term neonates and to correlate with different degrees of asphyxia. 
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AIMS AND OBJECTIVE 

• The primary objective of this study is to determine the renal parameters in cases of perinatal 

asphyxia in term neonates. 

• Secondary objective is Assessment of AKI in perinatal asphyxia 

 

NEED FOR THE STUDY 

•  Asphyxiated newborns are more prone to hypoxic injury, so in these cases any organ can be 

affected, but the brain, myocardium, kidneys and bowel appear to be more sensitive to hypoxic 

injury. 

• Hypoxic damage can occur to most of the infant’s organs – , kidneys-50%  brain-28% ,heart -25%  , 

lungs -23% , liver  , gut.(4) 

• Kidneys are more sensitive to oxygen deprivation, leads to renal insufficiency within 24hours. (5) 

• Acute Kidney Injury in newborn has been defined as urine output < 0.5ml/kg/hr , blood urea > 40mg 

and serum creatinine of > 1mg%. 

• In AKI, loss of normal kidney function results from acute or chronic renal injury that may be 

temporary or permanent. 

• Fractional excretion of sodium (FENa) is the measure of kidney’s ability to reabsorb sodium.(7) 

• Represents the percent of filtered sodium that is excreted in the urine and serves as a good index of 

glomerulo-tubular balance. 

• It is important to recognize renal injury in asphyxiated neonates to facilitate  the administration of 

appropriate fluid and electrolyte replacement as maintaining the optimal biochemical values for the 

better outcome of the neonate.(8) 

• Calculated as FENa = Urinary sodium x serumcreatinine x 100 

                                              Serum sodium x urine creatinine                                              
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REVIEW OF LITERATURE  

Perinatal asphyxia: 

Perinatal hypoxia is a hypoxic damage to the infant caused by inadequate oxygenation or inadequate blood 

flow to various organs. Tissue lactic acidosis is connected to it and hypercapnea if accompanied by 

hypoventilation. Hypoxia and ischemia both these factors contribute to asphyxia injury.(11) 

HIE: 

Neonatal encephalopathy ,following severe birth asphyxia ,or perinatal hypoxia is referred to hypoxic 

ischemic encephalopathy (HIE).cerebral ischemia occurs as a consequence of cerebral edema (which 

compresses cerebral vessels)and reduced cerebral perfusion due to myocardial dysfunction as a result of 

hypoxic cardiomyopathy .following severe birth asphyxia infants are likely to develop the syndrome of HIE . 

Apgar scoring system 

Apgar scoring is useful for the assessment of the state of a newborn at one minute following birth. A infant 

who is asphyxiating depends on their cardio respiratory condition to maintain muscle tone, respond to reflex 

stimuli, and maintain color. Therefore, breathing and heartbeat are key factors in determining an apgar score. 

The Apgar score is crucial for differentiating between primary and secondary apnea. At one minute, the 

majority of healthy, normally breathing neonates are never completely pink. Reflex stimuli and tone are 

influenced by gestational maturity. Central blue are asphyxia livida and totally pale are asphyxia pallida , 

neonates have identical score , however latter are more gravely sick because of the results of cardiopulmonary 

failure. The baby is more likely to experience neuromotor sequele during follow-up if the 10-minute Apgar 

score is 3 or below, or if there are no spontaneous breathing efforts by 10-minutes. At 1 and 5 minutes after 

birth, the APGAR score is determined. (9)                 

 

Apgar score 

Sign  0 1 2 

Respiration  Absent Weak cry Good strong cry 

Heart rate Absent Slow - <100bpm Normal or >100 

Muscle tone Limp  Some flexion Active movements 

Reflexes No response Grimace Cough or sneeze 

Colour Blue or pale Body is pink , 

extremities blue 

Completely pink 
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Extended apgar score 

Criteria 1min 5min 10min 15min 20min 

Breathing      

Heart rate      

Muscle tone      

Reflex 

response 

     

Colour      

Total      

 

Perinatal asphyxia classified into : 

Apgar score of less than 7 at first minute indicates mild perinatal asphyxia. 

Apgar scores of less than 5 at one minute or delayed breathing or gasping efforts  indicates moderate prenatal 

asphyxia. (28) 

Apgar scores of less than 3 at one minute or no breathing indicates severe prenatal asphyxia. 

American College of Obstetrics and Gynecology and the American Academy of Pediatrics. presence of each 

and every element such as  

Umbilical cord blood that exhibits severe metabolic or mixed acedemia (pH < 7.0) or poor apgar scores that 

last for longer than 5 minutes •  

Evidence of multiorgan involvement(lungs , kidney , heart , liver and intestine); symptoms of newborn 

neurologic dysfunction, such as seizures, encephalopathy, and tone anomalies 

Fetal acidosis, hypoxemia, and hypercarbia are symptoms of a syndrome known as perinatal asphyxia, which 

is characterised by poor gas exchange. Umbilical cord blood analysis is used to detect foetal acidity. The 

following terms may be used in evaluating a term newborn at risk of brain injury in the perinatal period ; 

• Neonatal depression 

It is a medical word that describes a baby's state in the first hour after delivery, during the 

immediate postnatal period. Depressed mental status, hypotonia, and/or issues with spontaneous 

breathing and cardiovascular function are among the neonate's clinical symptoms.Neonatal 

encephalopathy presents as abnormal mental status and associated neurological findings. 

• Neonatal encephalopathy  
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It is a medical word used to describe a neurobehavioral condition that is abnormal, such as altered 

levels of consciousness, hyperalert states, and typically other symptoms of motor or brain stem 

dysfunction. Because it could be brought on by a condition that is treatable, like maternal drugs, it 

may result in irreversible neurologic damage. 

Hypoxic ischemic encephalopathy 

Clinical evidence of encephalopathy includes , altered level of consciousness and other signs of 

motor dysfunction. 

• HIE brain injury can be diagnosed by: 

• Neuroimaging(USG cranium) 

• Magnetic resonance imaging. 

• Computed tomography 

• Post mortem abnormalities 

The diagnosis of HIE / HI brain injury rule out other etiologies of neurological dysfunction is a critical 

part of the diagnostic evaluation. 

Following information should be documented when making a diagnosis of HIE: 

• Prenatal history: Maternal high risk factors with complications of pregnancy associated with 

neonatal depression. 

• Perinatal history: During delivery scalp and/or cord pH, biophysical profile, sepsis risk factors, and 

fetal heart rate recording. •  

• Perinatal occurrences such placental abruption, apgar ratings, resuscitation attempts, and 

immediate post natal gases has to be monitored. 

• Post natal injury: Physical examination and neurological examination at the admission. 

• Clinical features such as presence or absence of seizure , cardiorespiratory dysfunction, oliguria, 

and other therapy  

• Laboratory testing, such as electrolytes, blood gases, and signs of damage to other end organs 

(kidney, heart, liver , lungs , bowel , blood).  

• Imaging studies 

• EEG 

• Pathology of placenta 
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Incidence : 

Perinatal asphyxia occurs in about 1.5% of births in affluent nations with obstetric/neonatal care, and its 

incidence is inversely related to gestational age and birth weight. It accounts for 20% of perinatal mortality 

and occurs in 0.5% of live births at 36 weeks or less. Infants of diabetic or toxicemic mothers, those with 

intrauterine development retardation, breech presentation, and postdated babies all exhibit a higher incidence 

of the condition.(1) 

Perinatal asphyxia is substantially more common (10–15%) in low and middle income countries. 

Etiology : 

Maternal high risk factors such as  

• Impaired oxygenation of the mother. 

•  The following factors will make perinatal asphyxia worse: 

•  decreased blood flow from the mother to the placenta or from the placenta to the fetus;  

• impaired gas exchange at the fetal tissue;  

• and increased fetal oxygen demand.  

• Asphyxia in term infants can happen during the antepartum or the first few weeks after birth due to 

poor gas exchange across the placenta, which results in insufficient oxygen delivery and insufficient 

removal of carbon dioxide and hydrogen from the fetus.  

• In the postpartum period, asphyxia can happen as a result of pulmonary, cardiovascular, or 

neurological problems.  

 

• Etiology of HIE include following: 

1) Mothers with high risk pregnancies : Diabetes, maternal vascular illness, in utero cocaine exposure, 

hypertension, hypotension, infections (chorioamnionitis), hypoxia from pulmonary or cardiac 

problems, maternal drug usage 

2) Placental risk factors: Abnormal placentation, abruption , infarction , fibrosis or hydrops  , true 

knot . 

3) Abnormalities of umbilical cord: True knots, prolapse, entanglement, compression, etc.  

4) Unusual umbilical vessel conditions  

5) Anemia, infections, cardiomyopathy, hydrops, and severe cardiac and circulatory insufficiency are 

the fetal risk factors. Fetal hypoxia may be caused by various disorders in the mother , including  

• Decreased oxygenation of maternal blood from hypoventilation due to anesthesia , cyanotic heart 

disease , respiratory failure or carbon monoxide poisoning.(40) 
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• Low maternal blood pressure from acute blood loss, spinal anesthesia or compression of vena cava 

and aorta by the gravid uterus 

• Inadequate relaxation of the uterus to permit placental filling as a result of uterine tetany caused 

by the administration of excessive oxytocin  

• Premature separation of placenta 

• Impedance to the circulation of blood through the umbilical cord as a result of compression or 

knotting of the cord 

• Placental insufficiency from toxemia or post maturity. 

Placental insufficiency often remain undetected on clinical assessment. Intrauterine growth restriction may 

develop in chronically hypoxic fetuses without the traditional signs of fetal distress. Doppler umbilical 

waveforms velocimetry(demonstrating increased fetal vascular resistance) and cordocentesis identify a 

chronically hypoxic infant. Uterine contractions may further reduce umbilical oxygenation , depressing 

the fetal cardiovascular system and central nervous system and resulting in low apgar scores and 

respiration at birth. 

After birth , hypoxia may be caused by 

1. Failure of oxygenation as a result of severe form cyanotic congenital heart disease or severe pulmonary 

disease 

2. Severe anemia  

3. Shock severe enough to interfere with the transport of oxygen to vital organs from overwhelming sepsis, 

massive blood loss , intracranial / adrenal hemorrhage. 

Events occurring during labor , at delivery in perinatal asphyxia : 

During labor: 

Intra uterine growth retardation with increased vascular resistance may be the first indication of fetal hypoxia.  

During labor , the fetal heart rate slows and beat to beat variability declines , continuous heart rate monitoring 

may reveal a variable or late deceleration pattern. Particularly in infants near term , these signs should lead to 

the administration of high concentrations of oxygen to the mother and consideration of immediate delivery to 

avoid fetal death and central nervous system damage. Late deceleration are uncommon until PO2 is less than 

20mmHg and O2 saturation is less than 31%. 
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At delivery : 

At delivery , the presence of meconium stained amniotic fluid indicates that fetal distress may have occurred. 

At birth , affected infants may be depressed and may fail to breathe spontaneously. During the ensuring hours 

, they may remain hypotonic state or changes from hypotonia to hypertonic state or may remain normal 

Signs: Pallor , cyanosis , apnea or slow heart rate ,unresponsiveness to stimulation .cerebral edema may 

develop during the next 24 hours and result in profound brain stem depression. During this time , seizure 

activity may occur , it may be severe and refractory due to the usual doses of anticonvulsants. Though most 

often a result of the HIE , seizures in asphyxiated newborns may also be a result of hypocalcaemia , 

hypoglycemia or infection. In addition to central nervous system dysfunction , systemic organ dysfunction is 

noted in 80% of affected neonate. Heart failure , cardiogenic shock , persistent pulmonary hypertension  , 

respiratory distress syndrome , gastro intestinal perforation , acute kidney injury are associated with perinatal 

asphyxia secondary to inadequate perfusion. The severity of neonatal encephalopathy depends on the duration 

and timing of injury. Symptoms develop over a series of days , making it important to perform serial 

neurological examination. (39) 

During the initial hours after an insult , infants have depressed levels of consciousness , periodic breathing 

with apnea / bradycardia , but cranial nerve functions are often spared with intact pupillary responses and 

spontaneous eye movement. Hypotonia is common as an early manifestation. Seizures are common with 

extensive injury. 

Causes of intractable birth asphyxia  

• Meconium aspiration or tracheal plug 

• Pneumothorax , pneumomediastinum 

• Intracranial hemorrhage 

• Shock (cardiogenic or hypovolemic) 

• Profound metabolic alterations 

• Congenital pneumonia 

• Congenital malformations like 

(A) Choanal atresia 

(B) Laryngeal web 

(C) Diaphragmatic hernia 

(D) Esophageal atresia with tracheoesophageal fistula 

(E) Lobar cyst or emphysema  

(F) Asphyxiating thoracic dystrophy 
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Pathophysiology : 

Asphxial injury can occur in the ante partum/ intra partum period due to placental insufficiency, which 

makes it difficult for the fetus to receive oxygen and to expel CO2 and hydrogen. Asphyxial damage can 

also happen during the postpartum period, typically as a result of pulmonary or  cardiovascular  or 

neurologic insufficiencies . 

A) Events occurring in the normal course of labor can result in neonates to have a limited supply of oxygen 

at birth. They consist of the following: 

1) During the uterine contractions, there will be reduced blood flow to the placenta ,some degree of cord 

compression ,dehydration in the mother and alkalosis as a result of  hyperventilation. Maternal 

hypoventilation may further reduce maternal and fetal oxygen saturation. 

2) Reduced oxygen delivery to the neonate from decreased placental flow of blood. 

3) Fetal oxygen saturation falls, when there is increased oxygen consumption in both the mother and the 

fetus. 

B) Number of physiologic and biochemical changes occur in hypoxic ischemia such as: 

1) With brief periods of asphyxia, there may be a temporary rise or fall in heart rate, a modest increase in 

blood pressure, or an elevation in central venous pressure. There is no significant change in cardiac output, 

and the distribution of cardiac output is accompanied by an increased proportion of cardiac output travelling 

to the heart, brain, and adrenal glands (diving reflex).(9). Even in cases of severe but brief asphyxia, blood 

flow is diverted to the brain's deep nuclear structures that are important. As a result, the brainstem and 

subcortical nuclei are damaged. 

2) When there is cardiac involvement with decreased blood pressure or reduced cardiac output in protracted 

prenatal hypoxia, this can lead to further disruptions in cerebral perfusion. A lack of pressure autoregulation 

and carbon dioxide vasoreactivity can also contribute to these problems. Reduced cerebral blood flow, 

increased glucose uptake in the brain, and decreased levels of glycogen, phosphocreatine, ATP and 

glutamate all contribute to anaerobic metabolism. During anaerobic conditions one molecule of glucose 

yields only 2 molecules of ATP as opposed to production of 38 molecules of ATP during aerobic condition.  

C) 1) After few hours of insult, asphyxia damage can develop intracellular events which leads to neuronal 

death. 

2) Diminished oxidative phosphorylation and ATP production results in cellular dysfunction. This energy 

failure disturbs the ion pump function , leading to accumulation of intra cellular sodium , chloride , water , 

calcium , extracellular K+ and excitatory neurotransmitter (e.g. : glutamate). Impaired oxidative 
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phosphorylation can happen as the primary HI insult as well as after secondary energy loss. Death of a cell 

can be necrotic or apoptotic, rapid or delayed. 

Failure of ATP dependent membrane bound sodium – potassium ATPase pump leads to depolarization of 

cells , allowing influx of Na+ and Ca2+ ions with osmotic influx of water causing cytotoxic neuronal edema. 

1) Immediate neuronal death: (31) 

Excitatory neurotransmitters acting on inotropic receptors or intracellular osmotic overload of sodium and 

calcium brought on by ion pump failure can cause neuronal necrosis ( such as n-methyl-d-aspartate). 

Calcium ions inside the cells causes activation of intracellular proteases and lipases with generation of 

oxygen free radicals causing further damage to the cellular membranes. 

2) Delayed neuronal death (apoptosis): 

A) Due to secondary energy failure as a result of damage by the oxygen free radicals , there is ongoing 

neuronal injury in the area of the brain adjacent to infarction. This peri infarction is called penumbra which 

continues to show adverse changes in the form of neuronal necrosis or apoptosis (programmed cell death) 

during next 24 – 48 hours. 

B) occurs as a result of unchecked activation of the cell's enzymes and second messenger systems (such as 

Ca2+ dependent lipases, proteases, and caspases), pertubation of the mitochondrial respiratory electron 

chain transport, production of free radicals and leukotriene, production of nitric oxide via nitric oxide 

synthase, and depletion of energy reserves.  

3) Tissue that was previously ischemic, there can be reperfusion, damage to cellular lipids, proteins, and 

nucleic acids as well as the blood brain barrier because it can encourage the formation of too many free 

radicals derived from reactive oxygen, such as superoxide, hydrogen peroxide, and hydroxyl singlet oxygen, 

which can overwhelm the endogenous scavenger mechanism.  

This could cause an influx of neutrophils to release harmful cytokines like interleukin-1 beta and tumor 

necrosis factor-alpha coupled with activated microglia. 

Free radicals are produced by several mechanisms during re oxygenation including oxygenation of 

arachidonic acid and hypoxanthine and accumulation of nitric acid, xanthine oxidase metabolizes molecular 

oxygen to produce oxygen free radicals.  

Naturally occurring oxygen free radical scavengers like: 

* Cholesterol  
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* Ascorbic acid and glutathione try to limit the production of toxic radical and these may be overwhelmed 

by the asphyxial events. 

In mild hypoxia , there is decreased heart rate , slight increase in blood pressure to maintain cerebral 

perfusion ,increased central venous pressure and little change in cardiac output . As asphyxia progresses 

with severe hypoxia and acidosis there is decreased heart rate decreased cardiac output and initially 

increased then falling blood pressure as oxidative phosphorylation fails and energy reserves become 

depleted .during asphyxia ,anaerobic metabolism produces lactic acid ,which because of poor perfusion 

,remains in local tissues . 

 

Pathology : 

The damaged organ and the seriousness of the lesion determine the pathophysiology of hypoxic ischemia. 

Early congestion, fluid leak from increased capillary permeability, and swelling of the endothelium may 

then result in cell death and coagulation necrosis symptoms. The meninges, pericardium, pleura, thymus, 

heart, and adrenals all have congestion and petechiae. Insufficient periventricular white matter perfusion 

leads to PVL during prolonged intrauterine hypoxia. Pulmonary hypertension may occur when pulmonary 

arteriole smooth muscle hyperplasia develop. The amniotic fluid contents (meconium ,squamous ,lanugo) 

are aspirated into the trachea or lungs if fetal distress produces gasping efforts. Systemic acidosis may 

actually be mild until perfusion is restored and these local acid stores are mobilized. (32) 

The topography of injury typically correlates with areas of decreased cerebral blood flow .after episode of 

hypoxia and ischemia ,anaerobic metabolism occurs and generates increased amounts of lactate and 

inorganic phosphates ,excitatory and toxic amino acids particularly glutamate accumulate in the damaged 

tissue .glutamate is one of the endogenous excitatory neurotransmitter in the developing brain .asphyxia 

causes excessive release of glutamate  from the presynaptic vesicles .this glutamate receptor is stimulated at 

least three ligands of which n -methyl -d -aspartate (NMDA) opens as receptor operated channel which 

allows calcium to enter the  neurons causing further neuronal damage .increased amounts of intracellular 

sodium and calcium may result in tissue swelling and cerebral edema .there is also increased production of 

free radicals and nitric oxide in these tissues .The initial circulatory response of the fetus is increased 

shunting through the ductus venosus ,ductus arteriosus and foramen ovale ,with transient maintenance of 

perfusion of the brain ,heart ,adrenals in preference to lungs ,liver ,kidney and intestine .(meherban singh) 

Preterm infants demonstrates PVL (later spastic diplegia )status marmoratus of the basal ganglia and IVH 

.Term more often than preterm infants have focal or multifocal cortical infarcts that manifest clinically as 

focal seizures and hemiplegia  



15 
 

Pathologic findings in brain injury : 

A) After moderate or severe HIE specific neuropathology can be noted  

1) Following perinatal asphyxia, The most frequent type of injury is neuronal necrosis. Glia are less 

susceptible to injury than neurons. In some areas, severe hypoxia results in neuronal necrosis. The CA1 

region of the hippocampus, purkinje cells of the cerebellum, neurons of the thalamus and basal ganglia 

(especially putamen), and brain stem nuclei are among the areas specifically at greater risk. (33) 

Hypoxic damage to neuron may lead to both cytotoxic and vasogenic cerebral edema through brain swelling 

parse is not a  prominent feature of HIE in the human newborn , SIADH also contribute to development of 

edema . 

 

Topography of brain injury in term infants with HIE and clinical correlation 

Area of injury  Location of injury Clinical correlates Long term 

sequele 

Selective 

neuronal necrosis 

Entire neuraxis , 

deep cortical area 

, brain stem and 

ponto subicular 

Stupor or coma, 

Seizure, 

Hypotonia, 

Occulomotor 

abnormalities, 

Suck/swallow 

abnormalities 

Cognitive delay, 

Cerebral palsy, 

Dystonia , ataxia, 

Seizure disorder, 

Bulbar and 

pseudo bulbar 

palsy 

Para sagittal 

injury 

Cortex , 

subcortical white 

matter 

parasagittal 

regions, 

especially 

posterior 

Proximal limb 

weakness, upper 

extremities 

affected more 

than lower 

extremities 

Spastic 

quadriparesis 

Cognitive delay, 

Visual and 

auditory 

processing 

difficulty. 
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Focal ischemic 

necrosis 

Cortex , 

subcortical white 

matter 

Vascular injury( 

usually middle 

cerebral artery 

distribution) 

Unilateral finding 

, seizures 

common , 

typically focal 

Hemiparesis , 

Seizures, 

Cognitive delay 

Periventricular 

injury 

Injury to motor 

tracts , especially 

lower extremities 

Bilateral and 

symmetric 

weakness in 

lower extremities 

more common in 

preterm infants 

Spastic diplegia 

 

In preterm babies asphyxial damage on the other hand leads to periventricular leukomalacia .hemorrhage in 

the germinal matrix leading to IVH  may occur due to rupture of pressure passive choroidal capillaries due 

to sudden elevation of systemic blood pressure . Preterm infants show predominantly cerebral white matter 

injury after HI ,but severe HI insults can also result in subcortical and cortical neuronal injury . 

2) Following severe hypotension, In the transitional regions between cerebral arteries, ischemia damage 

takes the form of a water shed pattern. Poor perfusion of the Centrum Semiovale's susceptible 

periventricular border zones as a result of this lesion mostly causes white matter damage, especially in 

preterm newborns. In severe chronic HI insult in term newborns, bilateral parasagittal cortical and 

subcortical white matter injury develops.(34) 

3) Cystic encephalomalacia and/or ulegyria (damage to the cortex in the depths of sulci) can develop from 

focal or multifocal cortical necrosis affecting all cellular components due to lack of perfusion in one or more 

arterial beds. 

 B) Although the particular pattern is unpredictable, neuropathology may reflect the sort of asphyxial 

incident. 

1) Diffuse cerebral (particularly cortical) necrosis and ischemic alterations in the parasagittal parts of the 

cerebral cortex are the results of prolonged partial bouts of prenatal hypoxia. Subcortical +/- brain stem 

regions are frequently also involved. 
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 2) When relatively brief, acute complete asphyxia mostly affects the brain stem thalamus and basal ganglia 

and tends to spare the cortex in most cases, with the exception of the perirolandic cortex.  

3) The majority of cases likely involve partial protracted asphyxia followed by a terminal acute asphyxial 

event (combination). 

In partial asphyxia , non-brain multi organ dysfunction  (AKI , NEC , RDS etc.) is common due to 

preferential vasoconstriction and reduced blood supply to the “non vital” organs. 

In the more common variety of partial asphyxia in the human infant , the hemostatic mechanisms divert the 

blood from less vital organs to the brain , heart and adrenals. 

Clinical features : (1) 

The clinical feature of HIE can be classified as mild , moderate or severe  

A) Encephalopathy: Whether mild, moderate, or severe, newborns with HIE must exhibit altered 

consciousness. When there is anomalous consciousness, mild encephalopathy can seem as an apparent hyper 

alert or jittery state, yet the babies do not respond to the stimuli. More impaired reactions to stimuli like light 

touch or even painful stimuli are a feature of moderate and severe encephalopathy. A EEG can be used to 

assess the encephalopathy's severity.  

(B) Abnormalities of the brain stem and cranial nerves: Pupilary, corneal, oculocephalic, cough, and gag 

reflexes are only a few examples of the aberrant or absent brain stem responses that are seen in babies with 

HIE due to brainstem dysfunction. 

Dysconjugate gaze, gaze preference, ocular bobbing, and other atypical patterns of bilateral eye movements 

are examples of abnormal eye motions. , or a lack of focus or blinking light. A newborn baby may have 

weak or absent sucking and swallowing muscles, weak facial weakness (which is typically symmetric), and 

poor feeding. They might exhibit irregular breathing patterns or apnea. 

(c) Motor abnormalities:  

In severe encephalopathy, there is higher hypotonia, weakness, and aberrant posture with absence of flexor 

tone. This is typically symmetric with severe HIE. If there is a serious HI brain injury, the initial hypotonia 

may progress over days to weeks into spasticity and hyperreflexia. A HI insult may have happened earlier in 

the antepartum period and may have already led to established HI brain injury if a newborn has severe 

hypertonia during the first few days after birth. Seizures (d) Seizures can start within 24 hours of the HI 

insult in newborns with HIE, and they happen in 50% of those instances. A seizure indicates that the 

encephalopathy is moderately or severely severe. 
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1. Seizures might be tonic, clonic, or mild. It can be challenging to tell seizures apart from jitters or clonus.  

With a strong hold of the affected limbs, jitteriness and clonus can be suppressed.  

 2. Because seizures are frequently preclinical (only detectable by electrography) and because aberrant 

postures or movements may not represent seizures,  

3. Particularly in babies who are not receiving mechanical ventilation, seizures may impair proper breathing 

and oxygenation. 

E. Increased intracranial pressure(ICP) . Poor prognosis occurs when ICP rises as a result of diffuse cerebral 

edema because it frequently indicates significant cerebral necrosis rather than swelling of intact cells. 

Treatments to lower ICP, such as empirical fluid restriction, mannitol, and furosemide, do not enhance 

results and are not advised.(5) 

Multi-organ failure  

The brain may be the only organ demonstrating malfunction after asphyxia in less than 15% of instances. In 

most cases , multi organ dysfunction occurs as a result of systemic hypoxic –ischemia  

Table shows multi organ systemic effects of asphyxia .   

System Effect(s) 

Central nervous system  Fixed heart rate shows that brain stem injury is 

severe in perinatal asphyxia. Infarction , 

intracranial haemorrhage , seizures , cerebral 

edema , hypotonia , hypertonia , apnoeic attacks 

, long term neuromotor disability .  

Cardio vascular system Persistent fetal circulation, dysarrhthmias, 

myocardial ischemia , poor fetal circulation , 

contractility , cardiac stenting ,  tricuspid 

insufficiency , hypotension , CCF.  

Pulmonary  Increased pulmonary vascular resistance leading 

to pulmonary hypertension , HMD , meconium 

or liquor aspiration , pulmonary haemorrhage , 

RDS , pulmonary edema due to cardiac 

dysfunction , pneumonia , pneumothorax, shock 

lung .  

Adrenal  Adrenal haemorrhage , SIADH , transient hypo 

parathyroidism  
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Gastrointestinal   Perforation , ulceration with haemorrhage , 

necrosis , increased risk of bowel ischemia and 

NEC , GI bleeding , paralytic ileus and stasis , 

hepatic dysfunction . 

Metabolic   In appropriate secretion of antidiuretic 

hormone, hyponatremia , hypoglycaemia , 

hypocalcaemia, myoglobinuria , hyperkalaemia 

, acidosis .  

Integument  Subcutaneous fat necrosis  

Immunological  Septicaemia  

 

Renal   The kidney is the most sensitive organ to be 

affected in neonatal hypoxia. Due to reduced 

perfusion, the proximal tubule of the kidney is 

impacted, which causes acute tubular necrosis 

(ATN), oliguria, and an increase in blood 

creatinine (Cr). Haematuria , AKI , renal vein 

thrombosis . (17) 

Haematological  Effects include disseminated intravascular 

coagulation (DIC) , poor production of clotting 

factors due to dysfunctions of the liver and poor 

production of platelets by the bone marrow , 

hyperbilirubinemia ,  

thrombocytopenia. (16) 

Liver dysfunction  A  liver condition An isolated increase in 

hepatocellular enzymes that causes DIC, 

insufficient glycogen reserves that causes 

hypoglycemia, slower metabolism, or drug 

elimination are all signs of liver dysfunction. 

 

Sarnat and Sarnat staging: (9) 

Stage 1 (Mild): Hyper alert , irritable , over reactive , normal muscle tone, myoclonus Present/ absent, weak 

sucking, strong Moros, ,normal oculovestibular reflex, slight tonic neck reflex, sympathetic autonomic 

function, pupils dilated, normal spontaneous respiration, tachycardia+, no seizure. normal  

Electroencephalography. 
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Stage II (Moderate): Lethargic, decreased spontaneous movements, mild hypotonia, myoclonus present, 

sucking is weak or absent, weak and incomplete Moros, oculo vestibular reflex is overactive, strong tonic 

neck reflex, Generalized parasympathetic, pupils are constricted, respiration is spontaneous; occasional 

apnea, bradycardia+, seizure- Common focal or multifocal. EEG : In early phase generalized low voltage, 

slowing (delta and theta).Later : periodic pattern ; seizure focal or multifocal; 1.0 – 1.5hz spike and wave 

pattern 

Stage III (Severe) : Stuporous , comatose, diminished or absent spontaneous movements, tone flaccid, 

intermittent decerebrate posturing, myoclonus absent, absent suck reflex, absent Moros reflex, weak or 

absent oculovestibular, absent tonic neck reflex, autonomic functions both systems depressed, pupils in 

midposition ,often unequal ; poor light reflex, periodic breathing , apnea+, variable heart rate, seizure are 

uncommon ( excluding decerebration), EEG shows early: periodic pattern with isopotential phase, later it is 

totally isopotential. 

Diagnosis  

Neurologic : (36) 

Ultra sound cranium – In severe cases lack of gray-white distinction and tiny ventricles are suggestive of 

edema.  

It may be useful to  rule out intracranial hemorrhage. 

CT brain – To detect cerebral edema ,hemorrhage 

MRI brain – T1 and T2 weighted MRI are best to determine the severity and extent of irreversible hypoxic 

ischemic brain injury. For detection of brain injury it is best if done between 7 – 10 days at the earliest , and 

if an early MRI reveals less destruction, it may take up to 14 days or more to demonstrate the full extent of 

the damage. 

EEG and aEEG : aEEG is a method of continuous tracing of EEG which evaluates long term changes and 

trends in electro cortical background activity. Analysis of aEEG consists of looking at the background 

pattern, seizure activity, and sleep-wake cycle.  

The background pattern can be categorized as follows:  

Continuous: Standard   

Discontinuous: Preterm normal, term substantially abnormal.  

Burst suppression, or irregular activity with constant minimum amplitude.  
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Continuous low voltage and isoelectric /flat trace 

Laboratory evaluation : 

Acid base parameters and blood gases should be monitored as soon as the newborn is transferred to the 

NICU . Blood glucose should be frequently monitored to identify hypoglycemia and hyperglycemia. 

Cardiac evaluation : 

Myocardial damage is indicated by serum creatinine kinase myocardial bound (CKMB) levels between 5% 

and 10%. Cardiovascular troponin T and I (CTNI) (CTNT). Elevated levels of these proteins could support 

exposure to asphyxia. 

Renal evaluation: 

Serum electrolytes , serum urea , serum creatinine , urine sodium , urine creatinine  - calculate FENA 

Blood urea nitrogen and serum creatinine levels are elevated in perinatal asphyxia. Elevation is noted in 2 – 

4 days after insults.  

Urinary levels of beta2 –microglobulin – it is used as a indicator of proximal tubular dysfunction , not 

routinely.  

Treatment  

• Perinatal monitoring  

• Before birth of the baby , identify high risk pregnancy and antenatal counseling must be done.  

• Fetal heart rate monitoring : 

• Monitoring the labor closely and keeping an eye out for other indicators of fetal distress 

• During labor : Initial management of the hypoxic ischemic newborn in the labor room. 

• Delayed cord clamping  , rapid assessment at birth , term/preterm tone , breathing , crying.  

• Routine care , initial steps of temperature , airway , breathing, oxygen(CPAP) , breathing(PPV), 

intubation – laryngeal mask airway, chest compression , medication.  

• Post natal management: 

 

Ventilation : There is relative ischemia in damaged parts and increased flow to healthy areas as a 

result of cerebral acidosis and vasodilatation due to hypercapnea .  (37) 

           Oxygenation: Oxygen levels should be maintained in the normal range . There will be decreased 

cerebral blood flow or can exacerbate free radical damage due to hyperoxia , hence it should be avoided . 

Hypoxia should be treated with oxygen or mechanical ventilation. 
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Temperature : An efficient technique to start thermal hypothermia quickly after the HI insult is to turn off 

the radiant warmer. Additionally, hyperthermia must be avoided. 

Perfusion : Cardio vascular stability and to maintain adequate mean systemic arterial BP is important to keep 

the cerebral perfusion pressure appropriate.  

Maintaining a healthy metabolic condition: 

Hypocalcaemia is a common metabolic change which can occur following neonatal asphyxia Calcium must 

be kept within the normal range since hypocalcaemia can impair cardiac contractility and raise the risk of 

seizures. 

Asphyxiated babies also exhibit hypoglycemia. For term babies, blood glucose levels should be kept within 

acceptable limits. Hyperglycemia results in increased brain lactate, cellular integrity damage, cerebral 

edema, and additional disruption of the autoregulation. Hypoglycemia may increase CBF, exacerbate energy 

deficit, worsen seizures, and increase CBF. 

Fluids management – It is needed in management, both fluid overload and inadequate circulating volume 

should be avoided. 

Control seizures – seizures generally start within 12 hours of birth. Seizures can persists in severe cases. 

Anticonvulsants:  

i. Phenobarbital – initial drug of choice with initial 20 mg/kg IV over 15 to 20 minutes as a loading 

dosage. If seizures continue, administer another loading dosage of 5- 10mg/kg via IV. Maintenance 

dose of  3 – 5mg/kg/day BD should be started after 12 – 24 hours of loading. 

ii. Phenytoin is typically added when phenobarbital fails to control seizures. 15–20 mg/kg IV is the 

loading dose. Followed by a maintenance dose of 4 – 8mg/kg/day divided in 3 doses.  

iii. Benzodiazepines - These medications are used as a last resort and include lorazepam, which is 

administered at doses of 0.05 to 0.1 mg/kg IV 

iv.  Due to its accessibility in IV form and relative safety and efficacy for treating different kinds of 

pediatrics epilepsy, levetiracetam has lately been employed.. 

Management of other organ injuries : 

i. Cardiac abnormalities: Management of cardiac abnormalities by correcting hypoxemia, acidosis and 

the metabolic changes such as hypocalcaemia and hypoglycemia and fluid management. [avoidance 

of volume overload or depletion].  Monitoring of blood pressure and urine output is necessary. 

Cardiovascular compromise may require inotropic support. [ such as dopamine / dobutamine , 

milrinone] 
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ii. Renal dysfunction: should be monitored by measuring urine output [to look for oliguria , anuria] , 

urine analysis , renal parameters , calculation of FENa. (38) 

iii. GI effect: In case of profound shock, ileus, blood stained stools – feeds to be with held. 

iv. Hematologic abnormalities: Monitor the coagulation profile prothrombin time, partial 

thromboplastin time, platelets abnormalities may be corrected with platelet, FFP transfusions. 

v. Liver functions to be monitored ALT, AST, albumin, ammonia, serum bilirubin. 

 

ACUTE KIDNEY INJURY 

Renal insufficiency is common in high risk new born babies and its incidence varies depending upon 

the criteria used for diagnosis. It is suspected either by azotemia (1.5 mg/dl of serum creatinine or 

increasing by 0.3 mg/dl every day) or oliguria , which is defined as urine output of less than 

1.0ml/kg/hour, in non oliguric renal failure . Which can occur following birth asphyxia, urine output 

is normal. AKI, previously termed acute renal failure, is defined as an abrupt decrease in GFR 

leading to accumulation of nitrogenous wastes and dysregulation of fluid electrolyte, and acid base 

hemostasis . The change in terminology has come with the recognition that renal dysfunction is a 

dynamic process ; dysfunction is a spectrum with increasing stages from 1 to 3 indicating increasing 

severity with worsening prognosis ,(12) 

The previous definition adopting one single absolute value of serum creatinine >1.5mg/dl to define 

AKI is not applicable across all gestational or postnatal ages. Currently revised, stage based 

definition is recommended that is based on changing trend of creatinine /deviation of creatinine from 

the base line and a drop in urine output. 

Neonatal RIFLE is one of the most popular creatinine and urine output based definition for bedside 

diagnosis of AKI in new born, however, a creatinine alone based definition may not be the most 

accurate marker of GFR/AKI . Creatinine is relatively insensitive in the early stages; it cross the 

placenta , is dependent on the muscle mass and also undergoes tubular secretion so often 

underestimates fall in GFR.  

Other more sensitive endogenous markers such as cystatin c (not affected by size , gender , minimal 

placental transfer ) and BNP ; newer equations are based on these markers studies comparing 

creatinine – based equations with cystatin c – based definitions have showed conflicting results with 

the majority in favor of cystatin c for both diagnosis of neonatal AKI and follow up of AKI 

survivors.  

AKI is suspected when a newborn fails to pass urine for 48 hours after birth or develop oliguria, 

edema , hypertension at any time after birth . A rising trend of creatinine with at least a 0.3mg/dl rise 

in 48 hours along with electrolytes and acid-base disturbance suggest –AKI . Higher stages witness 
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further increases in creatinine doubling and tripling of the nadir value. Creatinine above 2.5mg/dl is 

suggestive of end stage of renal failure and pretends a grave prognosis especially if associated with 

oliguria. Sick preterm  babies on ventilation and inotropes and receiving nephrotoxic drugs are more 

likely to develop AKI. The challenge is in recognition of AKI in preterm newborns ; their base line 

creatinine values are expected to be high for many weeks after birth . In most instances , a high 

value of creatinine in a sick preterm baby is passed off as physiologic, recent –evidence indicates , 

that longer period of high creatinine may be episodes of AKI with ominous prognosis . Watching 

trends of creatinine , urine output and blood pressure may help to arrive at the correct –diagnosis , 

infants develop more than one episode of AKI, which besides conferring an immediate risk of 

mortality and longer hospital stay also compromise the long term renal outcome , many follow –up 

cohort studies . Shows that AKI survivors have four fold greater chances of CKD, perinatal 

asphyxia, extracorporeal membrane oxygenation, cardiac surgery, sepsis, prematurity and 

nephrotoxicity . Neutrophil gelatinase – associated lipocalin (NGAL) , both serum and urinary , is a 

useful marker for detecting asphyxiated neonates at risk of developing AKI. A single dose of 

prophylactic theophylline helps in the prevention of AKI / severe renal dysfunction in term neonates 

with severe birth asphyxia, (moderate quality evidence) without increasing the risk of complications 

and without affecting all causes mortality (very low quality evidence)  

Neonatal  AKI biomarkers: 

Serum cystatin c,  

Urinary NGAL,  

Kidney urine molecule -1 , and interleuikin-18 are promising neonatal AKI biomarkers . 

Emerging biomarkers which requires further study in the neonatal population include Netrin -1 and 

eGFR.  

 

 

Causes of AKI   

Conventionally AKI is categorized into : 

1. Pre-renal azotemia (reduced renal perfusion due to hypovolemia and shock )  

2. Renal ( intrinsic AKI) (tubular , glomerular , or interstitial disease)  

3. Post- renal AKI (obstructive)  

 

Hypoxia and shock are major contributory factors in the development of pre-renal AKI. 

Hypovolemia due to loss of blood , fluids and electrolytes when severe and prolonged may lead 

to acute cortical or tubular necrosis , renal arterial or venous thrombosis as a consequence of 

disseminated coagulopathy and toxic or drug induced nephropathy are additional causes of 

damage to renal parenchyma . Renal tubular necrosis , may also result from tubular luminal 
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obstruction . Due to uric acid nephropathy , hemoglbinuria and myoglobinuria , post-renal AKI 

may be caused by obstructive uropathy .  

 

1) Causes of AKI  

A) Pre renal  

1a) reduced effective circulatory volume - 

- hemorrhage 

- dehydration 

- sepsis 

- NEC 

- congenital heart disease 

- hypoalbumenemia 

 

2a) increased renal vascular resistance – 

- polycythemia 

- indomethacin 

- adrenergic drugs (tolazoline) 

3a) hypoxia / asphyxia 

B) Intrinsic / renal parenchymal  

1b) sustained hypo perfusion leading to acute tubular necrosis 

2b) congenital anomalies- 

- agenesis 

- hypoplasis/dysplasia 

- polycystic kidney disease 

3b)thromboembolic disease- 

-  bilateral renal vein thrombosis 

- bilateral renal artery thrombosis 

4b) Nephrotoxins- 

- aminoglycosides 

- radiographic contrast media 

- maternal use of ace inhibitors or indomethacin 

           c)  Obstructive 

                 1c) Urethral obstruction 

- Posterior urethral valves 

- Stricture 
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2c) Ureterocele 

3c) ureteropelvic / ureterovescicle obstruction 

4c) extrinsic tumor 

5c) neurogenic bladder 

6c) megacystis  or megaureter syndrome 

 

2. Renal failure indices 

Indices Pre renal failure Intrinsic renal failure 

Urine sodium (mEq/L) 10- 50 30-90 

Urine / plasma creatinine 29.2 +/- 1.6 9.7+/- 3.6 

FENa 0.9 +/- 0.6 4.3+/- 2.2 

 

FENa – fractional excretion of sodium. 

 

3. Laboratory evaluation : 

Blood urea nitrogen levels>20mg/dl and serum creatinine levels>1.0mg/dl are useful 

indicators of AKI.  

Electrolytes should be monitored. 

Pre renal AKI and renal tubular necrosis should be differentiated clinically and by a urinary 

/plasma osmolality ratios of solutes. A urinary/ plasma osmolality ration less than 1.0 is 

suggestive of intrinsic renal failure. 

Urine indices like urine osmolality, urinary sodium levels and fractional excretion of sodium 

help differentiate between pre-renal and renal failure. 

FENa <1.5 suggests pre renal failure and > 3.0 suggests intrinsic renal failure.    

                       Measurement of serum and urine electrolytes is used to guide fluid and electrolyte management, 

in assessing kidney tubular function. 

Radiologic studies: 

Ultrasonography is non invasive, can be done at bedside and is especially useful in unstable infants. It can 

easily confirm the presence of gross renal abnormalities seen in antenatal ultrasound , such as 

hydronephrosis or dysplastic kidney disease. ( look for kidney size . EG – larger size (suggests 

hydronephrosis) ; smaller size (suggests dysplastic kidney). 
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4. Management of AKI : 

• Fluid challenge is the first step: Fluid challenge is the first step in management of suspected 

AKI. Response to fluid challenge will differentiate pre renal from intrinsic cause of AKI. 

• Fluid volume should be carefully planned. Over hydration is associated with increased 

ventilation needs and carries poor prognosis. 

• Overzealous fluid restriction can cause dehydration and add pre renal component to AKI. 

• Fluid management is based on the newborn fluid status and determination of ongoing losses. 

• We should avoid fluid overload during oliguria and anuria by restricting fluid administration 

to replacement of insensible water losses and urine output.  

• Low dose or a renal dose dopamine (2 mcg/kg/min infusion) may increase urine output , but 

has not shown to prevent AKI. 

• Avoid nephrotoxic medications to prevent insult and dose should be adjusted based on 

estimated renal function. 

• Furosemide can be given to correct fluid overload but has not been shown to prevent AKI. 

Adequate urine output does not signify adequate or recovered GFR.  

• Renal replacement therapy – dialysis is indicated when conservative management is 

unsuccessful in correcting severe fluid overload, hyperkalemia, acidosis and uremia. 

• Jayashree et al in their study on 30 newborns with severe birth asphyxia observed 43% of 

asphyxiated babies developed AKI. 

• M Gary karlo wicz et al studied 66 neonates and found AKI occurred in 61% of infants with 

severe asphyxia. 

•  Hankins Gary D V found raised creatinine in 61% of infants with asphyxia. 

• Aggrawal in his study observed that 56% asphyxiated babies had raised serum creatinine. 

• Medavi  et al and Mohanan et al showed incidence of pre renal AKI was more (77%) than 

intrinsic kidney injury (22%).  

• Jajoo et al studied 35 term infants with perinatal asphyxia and found to have lower serum 

calcium levels. 

• McGary Karlowicz et al with 66 neonates found that AKI with severe asphyxia was 

predominantly non oliguric 

• Girish et al examined 50 cases of which 64% had AKI, out of which 37.5% had oliguric and 

62.5% non oliguric AKI. 

• Mohanan et al contemplated 50 neonates with asphyxia  and demonstrated 72% with AKI. 
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MATERIALS AND METHODS 

My study is conducted in the Department of Paediatrics and data is collected of term newborn delivered in 

Shri Dharmasthala Manjunatheshwara college of medical sciences and hospital , Dharwad.  

Subjects : The study included all term newborn (37 weeks to 41+6 weeks of gestation )  

INCLUSION CRITERIA : 

• APGAR score less than 7 at 1st minute 

• Term babies 37-41 weeks born in SDM hospital 

• Case definition: PH < 7.0 on umbilical arterial blood sample  

EXCLUSION CRITERIA : 

• Neonates with major congenital anomalies. 

• Neonates with major surgical conditions. 

• Preterm babies 

• Babies born to mother with  hypertension treated with diuretics , magnesium sulphate , 

phenobarbitone are likely to have depression. 

• Deranged maternal renal function and on nephrotoxic drugs. 

• Those who are not willing for study. 

• Syndromic association  observed  with renal anomalies  

Study area:  

My study was conducted in the Department of Paediatrics , shri dharmasthala manjunatheshwara college of 

medical sciences and hospital , Dharwad .  

Study period was from June 2021 to July 2022  

Methods of data collection: 

It is a hospital based prospective observational study. 

Methodology: 31 babies were selected and out of these, babies with Apgar < 7 was classified as mild 

asphyxia , <5 was classified as moderate and <3 apgar was classified as severe asphyxia.  
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Consent forms and ethical clearance:  

An informed consent was obtained from the parents of the newborn before enrolling them in the study. 

Demographic details and the relevant information was collected through the proforma. 

The study was approved by the ethical committee of our institution (Ref: SDMCMS&H/IEC: 38 :2021) 
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OBSERVATION AND STUDIES 

In my study total of 31 babies were included during June 2021 to July 2022. 

1. Table showing  gender  distribution 

Gender Number of babies Percent 

Male 17 54.8 

Female 14 45.2 

Total 31 100.0 

 

 In my study number of male babies were 17 which constituted for about 54.8% and females babies were 

14 which constitutes 45.2% 

 

Fig 1 : Diagram showing gender distribution 

 

 

 

 

 

 

Female, 45.20%

Male, 54.80%



31 
 

 

2.  Table showing distribution of babies by birth weight 

Birth weight Number of babies Percent 

< 2.5kg 7 22.5 

2.5kg – 3.5kg 24 77.5 

Total 31 100.0 

 

In my study birth weight of less than 2.5kg was 7 and constituted for  22.5% and between 2.5kg to 3.5kg 

is  24 babies constituting 77.5% and no babies above 3.5kg. 

 

Fig 2: Diagram showing LBW and normal weight babies 
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3.  Table describing modes of  delivery 

Modes of extraction Number of babies Percentage 

Full term vaginal delivery 4 12.9 

Vaccum assisted delivery 7 22.6 

Caesarian section 20 64.5 

Total 31 100.0 

 

In my study  4 babies were born by FTVD constituting 12.9% , 7 babies were born by vaccum assisted 

delivery constitutes for 22.6% and 20 babies were born by LSCS which constitutes for 64.5%. 

 

Fig 3 : Diagram showing the modes of delivery 
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4. Table  showing  risk factor for perinatal asphyxia 

Risk factor Number Percent 

MSAF 7 22.6 

Difficult extraction 9 29.0 

Cord around neck 5 16.1 

Failed vaccum 1 3.2 

PROM 3 9.7 

Malpresentation 2 6.5 

Placental abruption 1 3.2 

2nd stage arrest 1 3.2 

Prolonged labor 2 6.5 

Total 31 100.0 

 

In my study out of 31 babies , 9 babies had difficult extraction constituting  the major part of 29% , 7 had 

MSAF constituting for 22.6% and 5 babies had cord around the neck which constitutes for 16.1%. 3 had 

prom constituting 9.7% , 2 babies  had malpresentation ,2 babies had prolonged labor which constitutes for 

6.5% each and failed vaccum , placental abruption , 2nd stage arrest were 1 babies each constituting for 

3.2%.  

 

Fig 4 : Diagram showing the risk factors 
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5. Table showing apgar at 1st minute 

APGAR Number Percent 

1/10 3 9.7 

2/10 4 12.9 

3/10 5 16.1 

4/10 8 25.8 

5/10 7 22.6 

6/10 4 12.9 

Total 31 100.0 

 

In my study of 31 babies , 3 babies had apgar of 1 at 1st minute  which constitutes for about 9.7% , 

majority of cases  had apgar 4 at 1st minute 8 cases which constitutes for about 25.8% , 7 had apgar of 

5/10 constituting 22.6% , 5 cases had apgar 3/10 constituting 16.1% ,  4 cases had apgar 2/10 and 6/10 

constituting 12.9% . 

 

 

Fig 5 : Diagram describing apgar at 1st minute 

 

 

9.70%

12.90%

16.10%

25.80%

22.60%

12.90%

0.00% 5.00% 10.00% 15.00% 20.00% 25.00% 30.00%

1

2

3

4

5

6



35 
 

 

6. Table describing grading of asphyxia 

Severity of asphyxia Number Percent 

Mild 4 12.9 

Moderate 15 48.4 

Severe 12 38.7 

Total 31 100.0 

 

Out of 31 asphyxiated babies , 4 babies had mild asphyxia with apgar of  <7 at 1st minute constituting  

12.9%, 15 babies had moderate asphyxia with apgar <5 constituting 48.4%  and 12 babies had severe 

asphyxia with apgar < 3  at 1st minute which is constituting 38.7%. 

 

 

Fig 6 : Diagram showing the grades of asphyxia 
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7. Renal involvement in newborn with perinatal asphyxia 

Grade of AKI Number Percent 

Normal 6 19.4 

Prerenal AKI 16 51.6 

Intrinsic AKI 9 29.0 

Total 31 100% 

  Out of 31 asphyxiated babies , 16 babies had pre renal AKI constituting the majority 51.6% and 9 babies 

had intrinsic AKI constituting 29% and 6 babies did not have any renal injury constituting for about 19.4%. 

 

 

Fig 7 : Diagram showing the renal involvement in asphyxiated babies 
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8. Interpretation of gender and acute kidney injury 

Grades of AKI Male Female Total 

Normal 3 (17.6%) 3 (21.4%) 6 

Pre renal 11(64.7%) 5(35.7%) 16 

Intrinsic  3 (17.6%) 6 (42.9%) 9 

Total 17 14 31 

 

In our study total number of male babies with pre renal AKI was 11 which constituted for 64.7% , 

female babies were 5 which constituted for 35.7%, male babies with intrinsic AKI was 3 which 

constituted 17.6% and female babies were 6 which constitutes for 42.9%. It is found that pre renal 

AKI was more common in males than in females as compared to intrinsic AKI which was found 

more in female babies , however overall renal involvement is more common in males as compared to 

females. 

 

 

Fig 8 : Diagram correlating the gender distribution and renal involvement 
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9. Interpretation of birth weight and AKI. 

Birth weight Normal Pre renal Intrinsic  Total 

< 2.5kg 2 (28.55%) 2(28.55%) 3 (42.9%) 7 

2.5kg to 3.5kg 4(16.7%) 14 (58.3%) 6 (25%) 24 

 

In my study out of 31 cases ,  majority of  cases were found in between 2.5kg to 3.5kg and 7 cases were 

found <2.5kgs. However overall renal involvement was found with the cases which are in between 2.5kg 

to 3.5kg which constituted about 83% of which 14 cases which is 58.3% had prerenal AKI and 6 cases 

constituting 25% and less than 2.5kg was 73%. Of which 2 cases which constitutes 28.55% had pre renal 

AKI and 3 cases constituting 42.9% had intrinsic AKI. 

 

Fig 9 : Diagram showing the birth weight and renal involvement 
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10. Interpretation of AKI  with grading of birth asphyxia 

  Normal Prerenal 

AKI 

Intrinsic 

AKI 

Total 

Grade Mild 3(75%) 1(25%) 0 4 (100%) 

 Moderate 3 (20%) 10 (66.7%) 2 (13.3%) 15 (100%) 

 Severe 0 5 (41.7%) 7 (58.3%) 12 (100%) 

Total  6 (19.4%) 16 (51.6%) 9 (29.0%) 31 

(100.0%) 

 

In my study out of 31 asphyxiated babies , out of 4 mild cases 1 case had prerenal AKI constituting 25% 

, out of 25 moderate cases , 10 cases had prerenal AKI constituting 66.7% , 2 cases had intrinsic AKI 

constituting 13.3% and out of 12 severe cases , 7 had intrinsic AKI constituting 58.3% , 5 cases had 

prerenal AKI constituting 41.7%. 

 

Fig 10 : Diagram showing the grades of asphyxia and renal involvement 
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11. Table showing  oliguric and non oliguric AKI. 

Grade of AKI Oliguric Non oliguric Total 

Pre renal AKI 0 16 ( 100%) 16 

Intrinsic AKI 4 (45%) 5 (55%) 9 

Total 4 21 25 

 

 

 

 

Chi square = 11.226, P value = 0.004 (S)  

Out of 31 asphyxia cases , 25 had renal involvement , out of which 16 cases had prerenal AKI  and 9 

cases had intrinsic AKI. Out of these 9 intrinsic AKI, majority of 5 cases had non oliguric AKI 

constituting for about 55% , 4 cases had oliguric AKI constituting for about 45% . However in my study 

, overall majority cases were found to have prerenal AKI. 

 

Fig 11 : Diagram showing oliguric and non oliguric in different grades of AKI 
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Total 6 (19.4%) 16 (51.6%) 9 (29.0%) 31 (100.0%) 
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12. OLIGURIA 

 Number Percent 

YES 4 12.9 

NO 27 87.1 

Total 31 100.0 

 

 

Fig 12 : Diagram showing the no. of babies with oliguria and non oliguria 
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12. Table showing mean serum and urine values 

Variable 
Mild Moderate Severe 

P value 
MEAN SD MEAN SD MEAN SD 

Sodium 139.50 3.109 137.53 3.889 137.42 5.915 0.729 

Potassium 4.4575 0.37933 4.5287 0.47115 4.7808 0.59746 0.376 

Creatinine 0.5800 0.27459 0.5827 0.26639 1.0833 0.65569 0.023 

FENa 0.8925 0.47020 1.1527 1.37064 2.1683 1.80685 0.165 

Urea 23.400 5.6780 30.493 24.1438 34.525 14.9301 0.611 

Calcium 7.5700 1.50966 8.4713 0.71585 7.8767 1.07276 0.157 

Urine 

sodium 
25.2500 2.21736 34.0027 28.22036 37.8083 20.04443 0.656 

Urine 

creatinine 
16.7275 8.32795 20.5067 16.11490 17.7258 10.91525 0.819 

In my study of 31asphyxiated babies , mean serum sodium values  were 139.4 in mild cases , 137.5 in 

moderate cases and 137.4 in severe cases . Mean urea was 23.4 in mild cases , 30.5 in moderate cases , 34.5 

in severe cases. Mean serum creatinine values was 0.58 in both mild and moderate cases , 1.08 in severe 

cases. Mean serum calcium values were 7.57 in mild cases , 8.5 in moderate cases , 7.9 in severe cases.In my 

study of 31asphyxiated babies , mean urine sodium values  were 25.2 in mild cases , 34.0 in moderate cases 

and 37.8  in severe cases . Mean urine creatinine was 16.7 in mild cases , 20.5 in moderate cases , 17.7  in 

severe cases. Mean FENa values was 0.89 in mild cases , 1.15 in moderate cases , 2.2 in severe cases. 

 

Fig 13 : Diagram showing the mean serum sodium values in different grades of asphyxia 

139.5

137.53
137.42

136

136.5

137

137.5

138

138.5

139

139.5

140

SODIUM

MILD MODERATE SEVERE



43 
 

 

Fig 14 : Diagram showing the mean serum and FENa values in different grades of asphyxia 

 

 

Fig 15: Diagram showing the mean serum and urine values in different grades of asphyxia 
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 14. Table showing outcome among the cases 

 Normal Pre-renal AKI Intrinsic AKI Total 

Alive 6 (20.7%) 16 (55.2%) 7 (24.1%) 29 (100.0%) 

Dead 0 (0.0%) 0 (0.0%) 2 (100.0%) 2 (100.0%) 

Total 6 (19.4%) 16 (51.6%) 9 (29.0%) 31 (100.0%) 

Chi square = 5.226, P value = 0.073 (NS) 

Out of 31 asphyxiated cases , 25 had renal involvement , out of which 2 cases expired constitutes 7.8% and 

23 cases constitutes 92.2% have recovered without any complications and improved. Out of 4 oliguric AKI 

cases , 2 received peritoneal dialysis out of which one expired , and out of 2 which did not receive peritoneal 

dialysis , 1 case expired and 1 case recovered after fluid and inotropes. 

 

Fig 16 : Diagram showing the grades of AKI and outcome of babies 
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DISCUSSION 

• Perinatal asphyxia contributes significantly to neonatal mortality and morbidity. 

• HIE is the major consequence of perinatal asphyxia . 

• Most of the organ can be affected in asphyxiated  newborn , but the brain , kidneys , myocardium 

and bowels appear to be more sensitive to HIE. 

• Kidneys are involved 50% , brain involved 28% , heart in 25% and lungs in 23% cases. 

• Kidneys are most sensitive to oxygen deprivation which leads to renal insufficiency within 24hours 

of HIE. 

• Definition of birth asphyxia as 5 min apgar <6 or need for resuscitation >5min because >5min apgar 

is <6 best identifies neonates at risk of organ dysfunction. 

• The clinical markers of asphyxia like 5min apgar <3 and presence of stage ii / iii HIE were much 

better predictors of adverse outcome then renal function tests. 

• As the sensitivity birth asphyxia and the Sarnat and Sarnat HIE grading of the asphyxiated neonates 

progressed , the risk of AKI also increased , neonates with metabolic acidosis were more prone to 

develop AKI. These results are statistically significant. 

• The renal function tests can be done to diagnose AKI. 

• Aki is defined as the rapid elevation in the concentration of blood urea and serum creatinine resulting 

from diminished glomerular filtration rate in the kidney.(24) 

• Occurrence of high serum creatinine in combination with high blood urea was the most sensitive, 

while serum creatinine>1.5mg/dl alone was the most significant parameters for predicting adverse 

outcome. 

• In term babies, concentration of serum creatinine normally rises in the first 24-36hours after birth, 

subsequently decrease and stabilizes at 0.5mg/dl by 5 days of age. Elevated value beyond normal 

range indicates decreased GFR. 

• The diagnosis of neonatal AKI based on the increase in serum creatinine/ decrease in the urine output 

( oliguria -<1ml/kg/hr) was the most often used cutoff value for oliguria.  

• In my study out of 31 asphyxiated newborns 54.8% were male and 45.2% were female babies. In 

other study done by Mac Donald also shows that asphyxia was more in male babies 54% compared 

to that of female babies 46%. Asad Nauman Kiyani et al (2014) study had 64% males and 36% 

female. Similar results were observed by Mohmoud H Ibrahim et al (2016) with male 71.3% and 

females 28.7%.  

• In my study , out of 31 asphyxia cases 81% had acute kidney injury, Jayashree et al in their study 

noticed that 43% of the asphyxiated babies developed AKI out of 30 babies.  
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M Gary Karlowicz et al (25) studied 66 neonates with asphyxia and found 61% of them developed 

AKI. Gupta et al in their study found that 47% of the neonates developed AKI out of 38 asphyxiated 

babies. Agarwal et al, concentrated on 25 babies and noted 56% of them had AKI . Mohanan et al 

(26) contemplated 50 neonates with asphyxia and demonstrated 72% with AKI. Girish et al 

examined 50 cases out of which 64% had developed AKI. 

• In my study 64% of the asphyxiated infants had prerenal AKI out of which 25% with mild asphyxia , 

67% with moderate asphyxia ,42% with severe asphyxia and 36% had intrinsic AKI of which 13.5% 

with moderate asphyxia , 58.5% with severe asphyxia. In other studies done by Nilesh V Ahire et al  

also showed intrinsic renal failure in 25% neonates with asphyxia and 75% were pre renal. Agarwal 

et al studies showed higher proportion of asphyxiated babies had FENa >2.5 which is suggestive of 

intrinsic renal failure on day 2 and day 4.             

• In my study out of 31 asphyxiated newborn 87%  had non oliguric AKI when compared to oliguric 

AKI which was 13%  .out of which 3 (75%) were from severe asphyxia 1 (25%) were moderate 

asphyxia. Jayashree et al in their study on 30 newborns with severe asphyxia observed 62% had 

oliguric AKI. McGary Karlowicz et al (25) with 66 neonates found that AKI with severe asphyxia 

was predominantly non oliguric. Mohanan et al (26) contemplated 50 neonates, and their study 

revealed that non oliguric AKI was common. Girish et al (27) examined 50 cases of which 64% had 

AKI, out of which 37.5% had oliguric and 62.5% non oliguric AKI. 

• In my study on 31 neonates with asphyxia showed mean blood urea value of 30.5 +/- 7.0. Gupta et al 

studied 70 neonates with asphyxia with mean blood urea values of 35.7+/- 17.87.Agarwal et al 

studied 25 neonates and the mean urea value was 33.6+/-11.5. Jayashree et al among their 30 

neonates mean urea was 94+/- 32.7, as 55.5 % were HIE stage iii. Girish et al in their study among 

50 cases mean urea value was 75.5+/- 29.50 

• In my study out of 31 newborn with asphyxia showed mean serum creatinine value among severe 

asphyxia was 1.08+/- 0.58. Agarwal in his study observed 56% of asphyxiated babies had raised 

creatinine value. Hankins Gary dv found raised creatinine in 61% in asphyxiated neonates.  

Jayashree et al found that mean creatinine values of 1.58+/- 0.58. Majority of the cases belong to 

stage iii hie. Gupta et al in their studies found that mean creatinine values of 1.08+/- 0.49 in 70 

asphyxiated babies. Agarwal et al in their studies found the mean creatinine values 1.0+/-0.5. Girish 

et al in their studies, the mean serum creatinine value was found to be 1.7+/- 0.42.  

• In my study of 31 cases with birth asphyxia 19% had hyponatremia , and the mean serum sodium 

value is 135.5+/-2.0 .P K Misra et al study shows hyponatremia in cases as compared to control , 

with mean sodium value of 128.28+/- 0.45meq/l. BD Gupta with his colleagues found that babies 

with asphyxia had higher incidence of hyponatremia(23) and mean serum sodium values was 

132.82+/- 5.73meq/l. Pallab Basu and worker also found that mean serum sodium levels were 

significantly lower in asphyxiated babies 122+/-6.0meq/l.  
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• The mean serum calcium levels in my study was lower in severe birth asphyxia 8.0+/- 0.5 . 

Pallab Basu and colleagues found that mean calcium levels were lower side in asphyxiated babies 

(18) (6.85+/-0.95). Deepak Jajoo and colleagues  in their studies showed that serum calcium 

levels were low in term babies with birth asphyxia.(17), and they were in a opinion that hypoxia 

impairs the function of parathyroid gland resulting in lower calcium levels. Alphonso in his study 

showed that serum calcium levels at 12 hours were significantly lower in asphyxiated neonates. 

• The mean serum calcium levels in other study group was lower as compared to control, which 

was noticed after 24 – 48 hours , as only few patients belongs to severe asphyxia 

• In my study it is found that out of 31 asphyxiated babies majority had asphyxia due to difficult 

extraction(29%) and MSAF (22%).  

• In my study out of 31 asphyxiated neonates 20 were born through LSCS , which comes up to 

65%. As compared to born by vacuum assisted 23%. . 

• Pre renal AKI can result in intrinsic AKI if not treated promptly. 

• Early recognition of renal injury is important for maintenance of fluids and electrolytes 

hemostasis. 

• Metabolic changes such as hyponatremia , hypoglycemia , hypocalcaemia and metabolic acidosis 

(13) are associated with perinatal asphyxia. 

• Both ischemic insult and hypothermia may alter serum magnesium levels in this population. 

• Prognosis  is poor and the mortality rate is high if oliguria develops. 

• Renal injury in birth asphyxia is common and has poor prognosis with permanent renal damage.  
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CONCLUSION 

Perinatal asphyxia is an important cause of neonatal renal AKI. 

Hyponatremia , hyperkalemia , hypocalcemia occur in these neonates , which may cause increased morbidity 

and mortality.  

Severe hyponatremia should be suspected if there is severe birth asphyxia and vice versa. Hence its level 

should be regularly monitored to prevent the problems associated with it.  

This study found that monitoring of blood urea , serum creatinine , serum electrolytes help in the early 

diagnosis and management of AKI. It has linear correlation with severity of birth asphyxia.  

In asphyxiated neonates , it is necessary to correlate the urine output and the renal parameters to see if the 

kidneys are functioning.  

The biochemical parameters in both blood and urine should be monitored.  

The renal indices should be calculated, as fractional excretion of sodium is preferred to classify the renal 

AKI into pre-renal or intrinsic AKI as management differs for both entity 
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SUMMARY 

In my study total number of male babies were 17 which constituted for about 54.8% and females babies 

were 14 which constitutes 45.2%. 

 Birth weight of less than 2.5kg was 22.5% and between 2.5kg to 3.5kg is 77.5% and no babies above 3.5kg. 

In my study  4 babies were born by FTVD , 7 babies were born by vaccum assisted delivery constitutes for 

22.6% and 20 babies were born by LSCS which constitutes for 64.5%. 

In my study out of 31 babies , 9 babies had difficult extraction constituting  the major part of 29% , 7 had 

MSAF constituting for 22.6% and 5 babies had cord around the neck which constitutes for 16.5%.  

In my study of 31 babies , 3 babies had apgar of 1 at 1st minute which constitutes for about 9.7% , majority 

had apgar 4 at 1st minute which constitutes for about 25.8% , 7 had apgar of 5/10 constituting 22.6%. Out of 

31 asphyxiated babies , 4 babies had mild asphyxia with apgar of  <7 at 1st minute , 15 babies had moderate 

asphyxia with apgar <5 and 12 babies had severe asphyxia with apgar < 3  at 1st minute   

Out of 31 asphyxiated babies , 16 babies had pre renal AKI constituting the majority 51.6% and 9 babies had 

intrinsic AKI constituting 29% and 6 babies did not have any renal injury. In our study it is found that 

prerenal AKI was more common in males than in females as compared to intrinsic AKI which was found 

more in female babies , however overall renal involvement is more common in males as compared to 

females.  

In my study , majority of  cases were found in between 2.5kg to 3.5kg and 7 cases were found <2.5kgs. 

However overall renal involvement was found with the cases which are in between 2.5kg to 3.5kg which 

constituted about 83% and less than 2.5kg was 73%.  

In my study out of 31 asphyxiated babies , 1 case out of 4 mild asphyxia had pre renal AKI , out of 15 

moderate asphyxia majority of 66% had prerenal AKI and 14% had intrinsic AKI. Out of 12 severe asphyxia 

cases 58% had intrinsic AKI and 42% had prerenal AKI. Out of 31 asphyxia cases , 25 had renal 

involvement , out of which 16 cases had prerenal AKI and 9 cases had intrinsic AKI. Out of these 9 intrinsic 

AKI , majority had non oliguric AKI , 4 cases had oliguric AKI. However in my study , overall majority 

cases were found to have prerenal AKI.  

Out of 31 asphyxiated cases , 25 had renal involvement , out of which 2 cases expired and 23 cases have 

recovered without any complications and improved. Out of 4 oliguric AKI cases , 2 received peritoneal 

dialysis out of which one expired , and out of 2 which did not receive peritoneal dialysis , 1 case expired and 
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1 case recovered after fluid and inotropes. The mean serum calcium levels in my studies was lower in severe 

birth asphyxia . 
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Limitations of the present study  

1. In present study preterms were not included . 

2. Number of study subjects is small . 
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ಶ್ರ ೀ ಧರ್ಮಸ್ಥ ಳ ಮಂಜುನಾಥೇಶ್ವ ರ ವೈದ್ಯ ಕೀಯ ರ್ಹಾವಿದ್ಯಯ ಲಯ, ಸ್ತ್ತು ರು, ಧಾರವಾಡ 

ಸ್ರ್ಮ ತಿ ಪತ್ರ  

ನಾನು                          , ಈ ಮೂಲಕ ತಿಳಿಸುವುದೆನೆಂದ್ರೆ  

ಡಾ ಪರ ತಿತ್  ಅವರು “ಪೆರಿನಾಟಲ್ ಆಸಿ್ಫ ಕಿಯಾದೆಂದಿಗೆ ನವಜಾತ್ ಶ್ಶು, ಕಡಿ್ನ  ಪ್ಯಯ ರಾಮೀಟರ್ಗಳ ಅಧಯ ಯನ” 

ಬಗೆೆ  ನನಗೆ ವಿವರವಾಗಿ ತಿಳಿಸ್ಲಾಗಿದೆ ಎೆಂದು ನಾನು ಘೀಷಿಸುತ್ು ೀನ ರ್ತ್ತು  ಅದ್ರಲಿ್ಲ  ಭಾಗವಹಿಸುವವನಾಗಿ 

ಸೇರಿಸ್ಲು ನಾನು ಈ ಮೂಲಕ ಒಪಿ್ಪ ಗೆ ನೀಡುತ್ು ೀನ. 

ಅಧಯ ಯನದ್ ಉದೆದ ೀಶ್ / ಗುರಿ / ಅಗತ್ಯ  ಗಳು / ವಿಧಾನಗಳು ರ್ತ್ತು  ಅಧಯ ಯನದ್ ವಿವರವಾಗಿ ವಿವರಿಸ್ಲಾಗಿದೆ. ನನಗೆ 

ವಿವರಿಸ್ಫದ್ ಅಧಯ ಯನದ್ ಉದೆದ ೀಶ್ ರ್ತ್ತು  ಸ್ವ ರೂಪವನಿು  ನಾನು ಹೆಂದಿದೆದ ೀನ ರ್ತ್ತು  ಅಧಯ ಯನದ್ ಬಗೆೆ  

ಪರ ಶಿ್ನ ಗಳನಿು  ಕೇಳುವ ಅವಕಾಶ್ ನನಗೆ ಸ್ಫಕಿದೆ. 

ಅಧಯ ಯನವು ರಕು ದ್ ಮಾದ್ರಿಯನಿು  ಜನನದ್ ಸ್ರ್ಯದ್ಲಿ್ಲ  ಸಂಗರ ಹಿಸ್ಲಾಗುವುದು ರ್ತ್ತು  ರಕು ದ್ ರ್ಟಟ ವನಿು  

ವೇರಿಯೊಸ್ ಸ್ಫೀರಿಯಲ್ ಪ್ಯಯೆಂಟ್ಗಳಲಿ್ಲ  ಮಾಡಲಾಗುತ್ು ದೆ . 

ತ್ನಖೆಯ ವೆಚ್ಚ ದ್ ಬಗೆೆ  ವಿವರವಾಗಿ ನನಗೆ ತಿಳಿಸ್ಲಾಗಿದೆ ರ್ತ್ತು  ಅಪ್ಯಯಗಳ ಬಗೆೆ  ವಿವರಿಸ್ಲಾಗಿದೆ. 

ಪರ ಕಟಣೆಯ ವೃತಿು ಪರ ನಯತ್ಕಾಲ್ಲಕಗಳ ಉದೆದ ೀಶ್ಕಿಾ ಗಿ ಅಧಯ ಯನದ್ ಸ್ರ್ಯದ್ಲಿ್ಲ  ಪಡೆದ್ ಡೇಟಾವನಿು  ಬಳಸ್ಲು 

ನಾನು ಸಂಪೂರ್ಮ ಒಪಿ್ಪ ಗೆ ನೀಡುತ್ು ೀನ. 

 

ನಾನು ಅರ್ಮಮಾಡ್ನಕೊಳುು ವ ಭಾಷೆಯಲಿ್ಲ  ಇದ್ನಿು  ನನಗೆ ವಿವರಿಸ್ಲಾಗಿದೆ ರ್ತ್ತು  ಈ ಅಧಯ ಯನದ್ಲಿ್ಲ  

ಭಾಗವಹಿಸ್ಲು ನಾನು ಮಾನಸ್ಫಕವಾಗಿ ರ್ತ್ತು  ಪರ ಜಾಾ ಪೂವಮಕ ಸ್ಫಥ ತಿಯಲಿ್ಲ  ಯಾವುದೇ ಭಯ ಅರ್ವಾ ಒತ್ು ಡವಿಲಿದೆ 

ಸ್ವ ಯಂಪೆರ ೀರಣೆಯೆಂದ್ ರ್ತ್ತು  ಬೇಷರತ್ತು ಗಿ ನನಿ  ಒಪಿ್ಪ ಗೆಯನಿು  ನೀಡುತ್ು ೀನ. 

ನಾನು ಒಪಿ್ಪ ಗೆಯನಿು  ಓದಿದೆದ ೀನ ರ್ತ್ತು  ಅರ್ಮಮಾಡ್ನಕೊೆಂಡ್ನದೆದ ೀನ. 

ಈ ಅಧಯ ಯನದ್ಲಿ್ಲ  ಭಾಗವಹಿಸ್ಲು ನಾನು ಈ ಮೂಲಕ ಒಪಿ್ಪ ಗೆ ನೀಡುತ್ು ೀನ. 

 

 

ವೈದ್ಯ ರ ಸ್ಹಿ (ತ್ನಖಾಧಿಕಾರಿ)    ರೀಗಿಯ ಪ್ಯಲಕರ ಸ್ಹಿ 

ವೈದ್ಯ ರ ಹೆಸ್ರು (ತ್ನಖಾಧಿಕಾರಿ): 

ಡಾ ಪರ ತಿತ್ 
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ರಕ್ಷಕರ ಹೆಸ್ರು: 

ವಿಳಾಸ್: 

ಮೊಬೈಲ್ ಸಂಖೆಯ : 

 

ಸಾಕಿಯ ಸ್ಹಿ: 

 ಹೆಸ್ರು:                  :                                                                                       ಸಂಬಂಧ: 

ದಿನಾೆಂಕ 

ಸ್ಥ ಳ:                                                                                                                     ವಿಳಾಸ್: 

 

ರೀಗಿಯ ಮಾಹಿತಿ ವಿವರಗಳು 

ಹೆಸ್ರು : 

ವಯಸಿು : 

ಲೆಂಗಿಕತ್: 

ತ್ತಯಯ ಹೆಸ್ರ: 

ತಂದೆಯ ಹೆಸ್ರು: 

ವಿಳಾಸ್: 

 

ನಾನು,ರ್ಗುವಿನ ಪೀಷಕರಿಗೆ ಪೆರಿನಾಟಲ್ ಆಸಿ್ಫ ಕಿಯಾದೆಂದಿಗೆ ನವಜಾತ್ ಶ್ಶು , ಕಡಿ್ನ  ಸ್ರ್ಸ್ಯಯ ಗಳ  ವೈದ್ಯ ಕೀಯ 

ಲಕ್ಷರ್ಗಳ ಬಗೆೆ  ವಿವರಿಸ್ಲಾಗಿದೆ ರ್ತ್ತು  ಮಾಡಲಾಗುವ ಸಂಬಂಧಿತ್ ತ್ನಖೆಗಳ ಬಗೆೆ  ತಿಳಿಸ್ಲಾಗಿದೆ. 

 

ಸಂಬಂಧಿತ್ ತ್ನಖೆಗಳ ಜೊತ್ಗೆ, ಅಧಯ ಯನಕಿ್ಕ  ಅಗತ್ಯ ವಾದ್ ಹೆಚ್ಚಚ ವರಿ ತ್ನಖೆಗಳನಿು  ಡಾ. ಪರ ತಿತ್ ಅವರು ಡಾ. 

ಕವಿತ್ತ ಕ್ಕ. ಯವರ ಮಾಗಮದ್ಶ್ಮನದ್ಲಿ್ಲ  ಮಾಡಲಾಗುವುದು ಎೆಂದು ನರ್ಮ ದೇ ಆದ್ ಅರ್ಮವಾಗುವ ಭಾಷೆಯಲಿ್ಲ  

ವಿವರಿಸ್ಲಾಗಿದೆ. 

 

ನಾನು, ರೀಗಿಯ ಪೀಷಕರು ನನಿ  ರ್ಗುವಿನ ಅಧಯ ಯನದ್ಲಿ್ಲ  ಅಗತ್ಯ ವಾದ್ ತ್ನಖೆಗೆ ನನಿ  ಸಂಪೂರ್ಮ ಒಪಿ್ಪ ಗೆ 

ನೀಡುತ್ು ೀವೆ. ಕಿನಕಲ್ ಅಧಯ ಯನದ್ ಬಗೆೆ  ನೀಡ್ನದ್ ಮಾಹಿತಿಯೆಂದ್ ನನಗೆ ತೃಪ್ಪು  ಇದೆ. 
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ಕಾರರ್ವನಿು  ನೀಡದೆ ನಾನು ಯಾವುದೇ ಸ್ರ್ಯದ್ಲಿ್ಲ  ಅಧಯ ಯನದಿೆಂದ್ ಹರಗುಳಿಯಬಹುದು ರ್ತ್ತು  ಇದು 

ಆಸಿ್ ತ್ರ ಯಲಿ್ಲ  ನನಿ  ಮೆಂದಿನ ಚಿಕತಿ್ಯ ಮೇಲೆ ಪರಿಣಾರ್ ಬೀರುವುದಿಲಿ  ಎೆಂಬ ಅೆಂಶ್ದ್ ಬಗೆೆ  ನನಗೆ ತಿಳಿದಿದೆ. ನನಿ  

ಒಪಿ್ಪ ಗೆಯಲಿದೆ ತ್ನಖಾಧಿಕಾರಿಯು ಯಾವುದೇ ಸ್ರ್ಯದ್ಲಿ್ಲ , ಯಾವುದೇ ಕಾರರ್ಕಿ್ಕ  ನನಿ  ಅಧಯ ಯನದ್ಲಿ್ಲ  

ಭಾಗವಹಿಸುವುದ್ನಿು  ಕೊನಗೊಳಿಸ್ಬಹುದು ಎೆಂದು ನನಗೆ ತಿಳಿದಿದೆ. 

 

ನನಿ  ರ್ಗುವಿನ ಡೇಟಾವನಿು  ಸಾವಮಜನಕವಾಗಿ ಪರ ಕಟಿಸ್ಫದ್ರೆ ನನಿ  ಗುರುತ್ನಿು  ಗೌಪಯ ವಾಗಿಡಲಾಗುವುದು ಎೆಂದು 

ನನಗೆ ತಿಳಿಸ್ಲಾಗಿದೆ. 

 

ರಕು ವನಿು  ಜನನದ್ ಸ್ರ್ಯದ್ಲಿ್ಲ  ವಾಡ್ನಕ್ಕಯ ತ್ನಖೆಯಾಗಿ ರ್ತ್ತು  ಸ್ರಣಿ ಸ್ರ್ಯದ್ ಹಂತ್ಗಳಲಿ್ಲ   ರಕು ದ್ 

ರ್ಟಟ ವನಿು  ವಿಶಿ್ನೀಷಿಸ್ಲಾಗುವುದು ಎೆಂದು ನನಗೆ ವಿವರಿಸ್ಲಾಗಿದೆ. 

ತ್ನಖೆಯ ವೆಚ್ಚ  ರ್ತ್ತು  ಅದ್ರ ಅಪ್ಯಯಗಳ ಬಗೆೆ  ನನಗೆ ವಿವರವಾಗಿ ತಿಳಿಸ್ಲಾಗಿದೆ. 

 

ಅಧಯ ಯನದ್ಲಿ್ಲ  ಭಾಗವಹಿಸ್ಲು ನಾನು ಮಾನಸ್ಫಕವಾಗಿ ರ್ತ್ತು  ಪರ ಜಾಾ ಪೂವಮಕ ಸ್ಫಥ ತಿಯಲಿ್ಲ  ಭಯ ಅರ್ವಾ 

ಒತ್ು ಡವಿಲಿದೆ ಸ್ವ ಯಂಪೆರ ೀರಣೆಯೆಂದ್ ರ್ತ್ತು  ಬೇಷರತ್ತು ಗಿ ನನಿ  ಒಪಿ್ಪ ಗೆಯನಿು  ನೀಡುತ್ು ೀನ. 

 

ನನಿ  ರ್ಗುವನಿು  ಅಧಯ ಯನದ್ಲಿ್ಲ  ಪರಿಗಣಿಸ್ಲು ನಾನು ಈ ಮೂಲಕ ಒಪಿ್ಪ ಗೆ ನೀಡುತ್ು ೀನ. 

 

ಪೀಷಕರ ಹೆಸ್ರು: 

 

ಪೀಷಕರ ಚಿಹಿೆ : 

 

ದಿನಾೆಂಕ: 
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Photos: 

RFT was estimated at birth using SIEMENS EXL-200 machine .  

 

Figure 17 : RFT estimation machine - SIEMENS EXL-200  

 

 

 

 

 

Fig 18 : Drawing blood sample 
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Fig 19 : Bag and mask ventilation 

 

 

 

 

Fig 20 : urine collection by minicom 
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Statistical analysis : 

SPSS version of  22.0 was used for data analysis . 

For statistical analysis of results , standard statistical tests were used . The chi square tests 

was used to analyse categorical variables , while the student’s independent t test was used to 

analyse  continuous variables . The findings of continuous data were provided as mean , 

median , standard deviation , while the results of categorical measurements were presented 

as a percentage (%). 

P value of <0.05 was considered as significant . 
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PROFORMA FOR CASE STUDY 

PRELIMINARY DATA 

Name : 

 

Date of birth : 

 

Sex : 

Address : 

 

 

UHID : 

DOA : 

Birth weight : 

Gestational age : 

Apgaar score at 1min 

 

Cord blood pH : 

• Mode of delivery –  

Examination : 

Admission vitals : 

• HR 

• RR 

• Spo2 

• Pulses 

 

• Peripheries 

• Capillary refill time 

• Temperature 
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 systemic examination: 

• CVS – 

• RS–  

• Per Abdomen –  

• CNS – 

• Reflexes –  

 

Serum Na+ : 

Sr K+ 

Urea : 

Creatinine : 

Urine sodium : 

Urine creatinine : 

Fena : 

Interpretation : 
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Ethical clearance: 
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