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I. Introduction 

Epilepsy is one of the most common disorders of the brain.1 One of every ten people will have at least 

one epileptic seizure during a normal lifespan, and a third of these will develop epilepsy. Worldwide, epilepsy 

affects 50 million people. According to a World Health Organization (WHO) survey, epilepsy accounts for 1% 

of the global burden of disease, a figure equivalent to breast cancer in women and lung cancer in men.2 

Epilepsy has been known since antiquity. An Assyrian-Babylonian textbook written over three 

millennia ago provides an accurate clinical description of the condition,  3 and Indian and Chinese physicians of 

that time were also familiar with it. The word epilepsy is derived from the Greek verb epilamvanein (‗to be 

seized‘, ‗to be taken hold of‘, or ‗to be attacked‘).  

This terminology derived from the very ancient notion that all diseases represented attacks by the gods 
or evil spirits, usually as punishment. Because seizures were the most vivid example of demonic possession, 

epilepsy was considered to be the sacred disease‗, and by the fifth century BC, the word had gradually acquired 

the specific and particular meaning associated with it today.4 Indeed, the battle between prejudice and 

acceptance, ignorance and knowledge, myth and science, and charlatanism and rational therapy has been long 

and difficult, and even today it has not yet been fully won. Hippocrates in about 400 BC postulated that epilepsy 

is a disease of the brain that must be treated by diet and drugs, not religious incantations.5 

Epilepsy is, of course, not a specific disease, or even a single syndrome, but rather a broad category of 

symptom complexes arising from any number of disordered brain3 functions that themselves may be secondary 

to a variety of pathologic processes.  

The terms convulsive disorder, seizure disorder, and cerebral seizures are used synonymously with 

epilepsy: They all refer to recurrent paroxysmal episodes of brain dysfunction manifested by stereotyped 

alterations in behavior.1 
Modern concepts of epilepsy originate in the work of mid-19th century physicians and scientists, the 

most important among them being John Hughlings Jackson.6 At a time when epilepsy denoted disorders 

manifested by generalized convulsions, which were believed to arise from disturbances in the medulla 

oblongata, Hughlings Jackson established the important concept that there were different categories of seizures, 

each with its own physiology and semiology. His explanation of ‗dreamy states‘ and ‗uncinate group of fits‘ as 

focal seizures originating from discrete areas within the cerebral cortex comes close to present-day views of 

limbic seizures. Similarly, his recognition of focal motor seizures (‗Jacksonian seizures‘) not only identified the 

responsible locus within the brain, but also allowed him to draw inferences that have forever changed our 

concepts of cortical motor representation and cerebral control of voluntary movement. Hughlings Jackson, more 

than anyone, established a scientific approach to the study of epileptic phenomena.  

There have been many attempts to obtain a consensus on definitions of epileptic seizure and epilepsy. 
Recently, the International League against Epilepsy (ILAE) has proposed new definitions for both. In this 

proposal, an epileptic seizure is defined as transient occurrence of signs and/or symptoms due to abnormal 

excessive or synchronous neuronal activity in the brain. This definition acknowledges that previous concepts of 

decreased inhibition and increased excitation were oversimplifications, because inhibition is actually increased 

in some forms of epilepsy where phasic inhibition is a central element in the primary epileptogenic abnormality.  

An epileptic seizure can also be a natural response of the normal brain to transient disturbance in 

function and, therefore, not necessarily an indication of an epileptic disorder. Such seizures are often referred to 

as provoked, acute symptomatic, or reactive. This accounts for a greater incidence of seizures (about 7% by age 

80) than epilepsy (nearly 3%). Epilepsy is a group of neurologic conditions, the fundamental characteristics of 

which are recurrent, usually unprovoked, epileptic seizures.  

A common operational definition of epilepsy is two or more unprovoked seizures occurring more than 

24 hours apart.4 However, the new ILAE proposal7 offers a more fundamental definition of epilepsy: chronic 
condition of the brain characterized by an enduring propensity to generate epileptic seizures, and by the 

neurobiological, cognitive, psychological, and social consequences of this condition. This definition emphasizes 

the existence of a persistent intrinsic epileptogenic abnormality that is a property of the brain itself and thus 

present even when seizures are not occurring. This contrasts with seizures that are dependent upon acute insults 

or other conditions that transiently affect an otherwise normal brain. An intrinsic epileptogenic abnormality of 
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the brain necessary for a diagnosis of epilepsy, however, can resolve spontaneously, as in some age-related 

idiopathic epilepsies that typically remit.  

Studies done in developing countries7 reported an annual incidence of 30-47 per 100000 populations. 
60% of the epilepsies begin in childhood and 85% of status epileptics occur in neonate and preschool children 

age group.
9
 Seizures lead to unrelenting muscular activity leading to anaerobic metabolism and tissue 

breakdown as well as increase the cerebral metabolic rate exceeding the oxygen and glucose supply to brain 

leading to brain ischaemic, and neuronal death.10 

The International League Against Epilepsy (2009) defines a Febrile Seizure as a seizure occurring in 

childhood between 6 months and 6 years of age, associated with a fever more than 38°C (rectal temperature) not 

caused by an infection of the central nervous system, without previous neonatal seizures or a previous 

unprovoked seizure and not meeting criteria for other acute symptomatic seizures. Febrile seizures are 

characterized by their benign prognosis. 

Febrile seizures are the most common cause of convulsions in children and a frequent cause of 

emergency hospital admissions.11, 12, 13 Between 2 and 5% of children (more common in boys) in Europe and the 
United States experience at least one FS before the age of 5 years.11, 12, 13 Although earlier Indian studies 

suggested that up to 10% of children experience a febrile seizure, recent data indicate that the incidence rate in 

India is similar to western figures.14, 15 

The pathophysiology of febrile seizures remains unclear. It is generally believed that a FS is an age-

dependent response of the immature brain to fever.17This postulation is supported by the fact that most (80-85%) 

febrile seizures occur between 6 months and 3 years of age, with the peak incidence at 18 months.
10, 11, 12

 

Although the mechanism of this increased susceptibility is unclear, animal models suggest that there enhanced 

neuronal excitability during the is normal brain maturation.  

Risk factors for a first febrile seizure have been studied in comparison to febrile controls without 

seizures. A higher temperature was a risk factor for febrile seizures in two studies16,17 and a history of febrile 

seizures in the immediate family was noted in another study.18 Low plasma ferritin, reflecting poor iron status, 

also increased the risk. When both febrile and afebrile children were used as controls, in addition to a family 
history of febrile seizures, neonatal discharge at 28 days or later, parental report of slow development, and day 

care attendance were also risk factors.19 

Despite the abundance iron in the environment, iron deficiency is the most common nutritional 

deficiency in the western world and the most common cause for anemia worldwide. The iron status of infants 

and children is especially precarious because of exaggerated needs imposed by growth. The hematologic 

consequences of iron deficiency have understandably dominated the interest of those involved in child health, 

but there is increasing concern with the implication of iron deficiency for tissue other than erythron.  

Iron containing tissue proteins of known biologic importance include myoglobin and enzymes involved 

with mitochondrial oxygen transport, DNA synthesis, catecholamine metabolism and detoxification. 

The extent to which function sub served by these proteins are compromised by iron deficiency remains 

to be defined. Nevertheless, it is appropriate to view iron deficiency as a systematic nutritional disorder of which 
anemia is but one expression.  

Zinc is a micronutrient that is essential for the normal functioning of the central nervous system. It is 

needed for synthesis of gamma-amino butyric acid, an inhibitory neurotransmitter, and complements the 

inhibitory effects of calcium on the excitatory N-methyl-D-aspartate. When a patient develops low levels of 

zinc, the N-methyl-D-aspartate receptors become activated and induce an epileptic discharge in children with 

high fevers. 

The association between iron and Zinc deficiency in febrile seizures has been studied before without 

any conclusive reports and this study was done for further confirmation, study is intended to assess the serum 

Iron and zinc levels in patients with febrile seizure patients.  

 

Historical Perspectives 
Febrile seizures are a form of acute symptomatic seizures. Until the mid-19th century, febrile seizures 

were not recognized as distinct from other seizures. Before that time, infantile convulsions were thought to be 

the result of irritation of the central nervous system (CNS). Presumed causes included gastrointestinal irritation, 

teething, improper diet, and fever. Treatment was nonspecific and focused on relieving the symptoms.30By the 

mid-19th century, this began to change, and treatment was directed at underlying causes rather than symptoms.31 

Beginning in the latter part of the 19th century, fever came to be regarded as a primary factor in 

producing infantile convulsions. This emphasis on fever may have been related to the introduction of the 

thermometer into clinical use around this time. 

 Throughout the late 19th and early 20th centuries, any infantile convulsion was considered to be 

serious and potentially fatal and the prognosis was not favorable. This was because of a failure to separate 
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febrile from neonatal and other symptomatic seizures. By the turn of the century, as it was gradually understood 

that seizures were a symptom and not a disease, treatment of the underlying cause became important. 

 Unfortunately, very few effective treatments were available. In the mid-20th century, studies focused 
on febrile seizures were published by Lennox32 and Livingston.33 These investigators found that a benign 

outcome was predicted by onset between 1 and 3 years, generalized seizure of short duration, single or few 

episodes family history positive for febrile convulsions, male sex, and normal findings on the 

electroencephalogram (EEG). Increased likelihood of later epilepsy was associated with onset before 1 year of 

age, prolonged or partial convulsions, multiple seizures, abnormal birth history, and family history of epilepsy, 

female sex, and abnormal EEG findings. Subsequent studies have confirmed many of these factors as predictive, 

albeit not very accurate predictors.  

By the 1970s, three large population-based studies had been published that demonstrated a much lower 

risk for epilepsy following febrile seizures than previously proposed. These studies had very similar results, and 

formed the foundation for our current understanding of febrile convulsions. In their study of 18,500 children, 

van den Berg found a 2% incidence of febrile seizures with a 3% rate of later epilepsy.34In 1976, the National 
Institute of Neurological Disorders and Stroke (NINDS) Collaborative Perinatal Project, which followed 54,000 

infants prospectively, found an incidence of almost 4% for febrile seizures.35  

The developmental outcome was unaffected, and the overall incidence of later epilepsy was relatively 

small (2%). Verity followed a British cohort of 14,676 children.36The incidence of at least one febrile seizure 

was 2.7%, and 2.3% of those 

With febrile seizures later developed epilepsy.  

 

Definitions 
In 1980, the National Institutes of Health (NIH) Consensus Panel defined febrile seizures as ―An event 

in infancy or early childhood, usually occurring between three months and five years of age, associated with 

fever but without evidence of intracranial infection or defined cause. Seizures with fever in children who have 

suffered a previous nonfebrile seizure are excluded. Febrile seizures are to be distinguished from epilepsy, 

which is characterized by recurrent nonfebrile seizures‖.37  

This definition excludes any seizure that occurs in the presence of neurologic illness, such as 

encephalitis, meningitis, or toxic encephalopathy. The prognosis for such seizures is different from that of 

febrile seizures, because the underlying illnesses can potentially cause CNS sequelae. Seizures caused by mild 

encephalopathies may be included within this definition, such as those associated with Shigella, a bacterium that 

produces a neurotoxin.  

Febrile seizures are difficult to define in malaria-endemic areas where all children are infected from 

time to time, many have elevated temperatures, and the severity of brain involvement is often measured by 

severity of the seizure disorder as well as level of consciousness.  
Simple febrile seizures are those that last less than 15 minutes and are generalized. Complex febrile 

seizures are prolonged, multiple within 24 hours, or partial. Seizures in either of these subgroups may be 

accompanied by a pre-existing neurologic abnormality or a family history of either febrile or afebrile seizures. 

Although neurologically abnormal child are more likely to experience complex febrile seizures and have a 

higher risk of subsequent afebrile seizures, the child prior neurologic condition is not used to classify the seizure 

as simple or complex. When a careful history is obtained, approximately 30% of patients with febrile seizures 

presenting to emergency department are found to have complex features (Swaiman).39 

Febrile status epilepticus follows the usual definition of 30 minutes of continuous or intermittent 

convulsive phenomena without the return of consciousness. Discussion remains about the age range used in the 

NIH Consensus Panel definition. Many experts feel that age between 3 and 6 months is rather young for the 

onset of a first febrile seizure. In fact, it may herald the onset of Dravet syndrome, a recently described epilepsy 
syndrome. As well, children have febrile seizures beyond the fifth birthday, and it has been suggested that the 

upper age limit be the sixth birthday. Another area of contention is a standard definition of ―fever‖ and how a 

child's temperature should be measured (i.e., oral, rectal, axillary, or tympanic measurement). Based on the 

childhood vaccine trial literature, our definition of an elevated temperature is 38°C per rectum or 38.5°C orally. 

Although the increased temperature may not occur until after the seizure.39 

Seizures are not considered to be ―febrile seizures‖ when they occur with fever but in the context of 

exposure to proconvulsant drugs such as diphenhydramine, tricyclic antidepressants, amphetamines, and 

cocaine.  

 

Epidemiology 

In the United States, South America, and Western Europe, febrile seizures are experienced by 2% to 

5% of all children before the age of 5 years.35,40 They are reported to be even more common in certain Asian 
countries.41,42 
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The first febrile seizure is complex (lasting more than 15 minutes, partial, or multiple within 24 hours) 

in about 30% to 40% of cases.43The peak incidence is in the second year of life, with the average age of onset 

between 18 and 22 months. Febrile seizures are slightly more common in boys. Onset after the age of 7 years is 
uncommon.39 

Traditionally, it was thought that febrile seizures most commonly occur as the first sign of a febrile 

illness. More recent studies, however, found that only 21% of the children experienced there seizure either 

before or with in 1 hour of the onset of fever, 57% had a seizure after 1 to 24 hrs of fever and 22% experienced 

their febrile seizure more than 24 hrs after the onset of fever.39 

Risk factors for a first febrile seizure have been studied in comparison to febrile controls without 

seizure. 

 

Predictive Factors In Febrile Seizures
44

 

For a first febrile seizure 

1. Family history of febrile seizures 
2. Low plasma ferritin level 

3. Slow development 

4. Day care 

5. Higher temperature 

6. Delayed neonatal discharge 

 

For recurrences 

1. ―Complex‖ first febrile seizures 

2. Family history of febrile seizures 

3. High number of febrile episodes 

4. Low fever 

5. Short duration of fever before seizure 

 

For epilepsy 

1. Young age at onset 

2. Abnormal development before first seizure 

3. Family history of epilepsy 

 

A higher temperature was a risk factor for febrile seizures in two studies16,17 and a history of febrile 

seizures in the immediate family was noted in another study.18 Low plasma ferritin, reflecting poor iron status, 

also increased the risk. When both febrile and a febrile children were used as controls, in addition to a family 

history of febrile seizures, neonatal discharge at 28 days or later, parental report of slow development, and day 

care attendance were also risk factors.45 
Approximately 40% of children with a first febrile seizure will experience one or more recurrences. 

The risk of a second seizure after a first is about the same as a third febrile seizure after a second. Most 

recurrences (75%) are within 1 year of the first febrile seizure. Four major risk factors for recurrence have been 

identified: 

(a) A young age (<12–18 months); 43, 46 

(b) A family history of febrile seizures;
 17, 45, 47

 

(c) A low temperature at the time of seizure; 48 

(d) A short duration of fever before the first seizure.48 

The recurrence risk for those with none of the four factors was 14%, with one factor 23%, with two 

32%, with three 62%, and with all four 76%.49 In a meta-analysis, young age of onset and a family history of 

febrile convulsions were the strongest predictors of recurrence50 (see Table 1). A family history of a febrile 

seizures has inconsistently been associated with risk for recurrence.35, 40, 48 ―Complex‖ febrile convulsions and 
neurologic dysfunction do not influence the chance of febrile recurrences.35, 40, 48 

 

Genetics
44 

There is an important genetic predisposition for febrile seizures, and genetic factors exist that may be 

either causative or protective. It is natural to consider the possibility of a genetic propensity for the occurrence 

of a febrile seizure; however there may also be protective gene(s) in those who never experience a febrile 

seizure. These protective gene(s) might raise the seizure threshold.  

Although the exact mode of inheritance is not known, febrile seizures tend to run in families. An 

autosomal recessive mode of inheritance is not likely, because there is an excess of affected parents and the risk 

to siblings is less than 25%. A polygenic mode of inheritance or dominance with incomplete penetrance is more 
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likely.51, 52 afebrile seizures or epilepsy may be more common in families of children with febrile seizures, but 

the evidence is controversial.  

When a child has a first febrile seizure, the risk for younger siblings is in the range of 10% to 20% and 
even higher if a parent reports having had a febrile convulsion.53 

Two unique epilepsy syndromes always include seizures with fever: generalized epilepsy with febrile 

seizures plus (GEFS+) and Dravet syndrome (severe myoclonic epilepsy of infancy).54 GEFS+ is an autosomal 

dominant epilepsy syndrome with 80% penetrance and is associated with heterogeneous clinical phenotypes.55 

In a given family, about one third of those affected have one or more febrile seizures that often persist 

beyond the usual age of 5 years. About one third have febrile seizures and then afebrile generalized tonic-clonic 

seizures in adolescence that usually remit. A final third have other epilepsy syndromes, usually, but not always, 

generalized syndromes (myoclonic-astatic epilepsy, typical childhood absence, and even Dravet syndrome). 

Several gene mutations have been identified involving voltage-gated sodium channels of SCN1A and the γ2 

subunit of ligated-γ-amino butyric acid (GABA)-2 receptor.55 Dravet syndrome begins in the first year of life 

with prolonged, often unilateral febrile seizures precipitated by relatively low-grade fever. Development 
stagnates or regresses around 1 year of age, when other seizure types develop (myoclonic, atypical absence, or 

partial). Ataxia and important behavior problems (hyperactivity) are very common. Dravet syndrome may occur 

within families with GEFS+ and with the identical gene defect, but in approximately 50% of cases, no de novo 

missense or truncating mutations of the SCN1A subunit are present.55The complete genetic story of febrile 

seizures is still incomplete. More than seven chromosome linkage sites have been associated with febrile 

seizures, suggesting locus heterogeneity. In addition, at least five genes have been identified as causal for 

epilepsy syndromes that include febrile seizures, including GEFS+. These findings may provide insights into the 

biology of age-limited temperature-dependent seizure susceptibility. 

 

Electro Clinical Syndromes And Other Epilepsies
44

 
1. Electro clinical syndromes arranged by age at onset 

2. Neonatal period 

a. Benign familial neonatal epilepsy (BFNE) 

b. Early myoclonic encephalopathy (EME) 

c. Ohtahara syndrome 

3. Infancy 

a. Epilepsy of infancy with migrating focal seizures 

b. West syndrome 

c. Myoclonic epilepsy in infancy (MEI) 

d. Benign infantile epilepsy 

e. Benign familial infantile epilepsy 
f. Dravet syndrome 

g. Myoclonic encephalopathy in non-progressive disorders 

4. Childhood 

a. Febrile seizures plus (FS+) (can start in infancy) 

b. Panayiotopoulos syndrome 

c. Epilepsy with myoclonic atonic (previously astatic) seizures 

d. Benign epilepsy with centrotemporal spikes (BECTS) 

e. Autosomal-dominant nocturnal frontal lobe epilepsy (ADNFLE) 

f. Late onset childhood occipital epilepsy (Gastaut type) 

g. Epilepsy with myoclonic absences 

h. Lennox-Gastaut syndrome 
i. Epileptic encephalopathy with continuous spike-and-wave 

j. During sleep (CSWS) 

k. Landau-Kleffner syndrome (LKS) 

l. Childhood absence epilepsy (CAE) 

5. Adolescence – Adult 

a. Juvenile absence epilepsy (JAE) 

b. Juvenile myoclonic epilepsy (JME) 

c. Epilepsy with generalized tonic–clonic seizures alone 

d. Progressive myoclonus epilepsies (PME) 

e. Autosomal dominant epilepsy with auditory features (ADEAF) 

f. Other familial temporal lobe epilepsies 

6. Less specific age relationship 
a. Familial focal epilepsy with variable foci (childhood to adult) 
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b. Reflex epilepsies 

7. Distinctive constellations 

a. Mesial temporal lobe epilepsy with hippocampal 
b. Sclerosis (MTLE with HS) 

c. Rasmussen syndrome 

d. Gelastic seizures with hypothalamic hamartoma 

e. Hemi convulsion–hemiplegic–epilepsy 

Epilepsies that do not fit into any of these diagnostic categories can be distinguished first on the basis 

of the presence or absence of a known structural or metabolic condition (presumed cause) and then on the basis 

of the primary mode of seizure onset (generalized vs. focal).  

Epilepsies attributed to and organized by structural-metabolic causes  

1. Malformations of cortical development (hemimegalencephaly, heterotopias, etc.) 

2. Neurocutaneous syndromes (tuberous sclerosis complex, Sturge-Weber, etc.) 

3. Tumor Infection 
4. Trauma 

5. Angioma 

6. Perinatal insults 

7. Stroke 

8. etc. 

Epilepsies of unknown cause 

Conditions with epileptic seizures that are traditionally not diagnosed as a form of epilepsy per se 

Benign neonatal seizures (BNS) 

Febrile seizures (FS) 

 

Etiology And Basic Mechanisms
44 

―Everyday‖ infections, such as tonsillitis, upper respiratory infections, otitis media, roseola infantum, 
or Shigella gastroenteritis are often implicated as the cause of fever in children with febrile seizures. 

Unfortunately, there are no recent studies of the epidemiology of these infections, since vaccines against 

Haemophilus influenzae, Varicella, Pneumococcus, Meningococcal and influenza are in widespread use and 

have likely changed the panorama of childhood febrile illness.  

Seizures occurring soon after immunization with whole-cell Diphtheria pertussis-tetanus (DPT) and 

measles vaccines should not be regarded as a direct adverse effect of the vaccine.56 Such seizures are believed 

to be ―ordinary febrile seizures‖ triggered by fever induced by the vaccine. Their subsequent clinical course is 

identical to other febrile seizures,57 with no increased risk for subsequent afebrile seizures or abnormal 

neurologic development.58 The frequency of febrile seizures after DPT or measles vaccination is six to nine, 

and 24 to 25 per 100,000 children vaccinated, respectively. Newer acellular pertussis vaccines rarely induce a 

febrile reaction and, since their introduction in Canada, there has been a 79% decrease in hospital admissions for 
DPT vaccine related febrile seizures.59 

The patho physiology of febrile seizures is unknown. The role of activation of the cytokine network is 

presently being studied. There appears to be increased susceptibility to febrile seizures associated with specific 

interleukin alleles.60, 61, 62, 63 

Circulating toxins, immune reaction products, and viral or bacterial invasion of the CNS have been 

implicated, together with relative lack of myelination in the immature brain and increased oxygen consumption 

during the febrile episode.54 

Immaturity of thermoregulation and a limited capacity to increase cellular energy metabolism at 

elevated temperatures have been suggested as contributory factors.65 

Recent reports indicate that human herpes virus type 6 (HHV6), which causes roseola, is strongly 

associated with febrile seizures.38 HHV6 infection was identified in eight of 42 children with a first febrile 

seizure.67 In children with multiple febrile seizures, HHV-6 DNA was detected in the cerebrospinal fluid, but 
not in controls without febrile seizures.  

It was postulated that viral invasion of the brain might occur during roseola, with reactivation by fever 

during subsequent illnesses, thus provoking recurrent febrile seizures. In a survey of general practitioners 

throughout the Netherlands, a significant relationship was noted between recurrent febrile seizures and influenza 

A; therefore, vaccination against influenza A may be considered after a first febrile seizure as a strategy to 

reduce the risk of recurrences.  

GABA is the predominant inhibitory neurotransmitter in the adult brain and plays a critical role in the 

regulation of excitability of neuronal networks.69 GABA binding to inotropic GABA ‗A‘ receptors opens the 

receptor ionophore, which is permeable to Cl- and, to a lesser extent, to HCO3. In the presence of a normal adult 

trans membranous Cl- gradient, this results in expression of an inhibitory postsynaptic current that 
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hyperpolarizes the postsynaptic neuronal membrane. GABA ‗A‘ receptor mediated synaptic currents have been 

studied in human hippocampal neurons from epilepsy patients.70,71 These studies have revealed a significantly 

higher sensitivity of human GABA ‗A‘ receptors to zinc, a finding also observed in chronic epilepsy animal 
models. 

 Increased zinc sensitivity of GABA ‗A‘ receptors is thought to render them susceptible to blockade by 

zinc released from recurrent mossy fibers during seizures, potentially causing a breakdown of dentate 

inhibition.69 Studies of mRNA expression for different GABA ‗A‘ receptor subunits and correlation with 

physiologic and pharmacologic properties suggest that GABA ‗A‘ receptors are regulated in a coordinate 

fashion in human hippocampal neurons.72 The epilepsy-associated regulation of GABA ‗A‘ receptor subunits 

has been addressed using immunohistochemistry and in situ hybridization in hippocampal sclerosis.73,74 Apart 

from changes in GABA receptors, GABAergic neurotransmission is also influenced by changes in the 

transmembrane chloride gradient. Indeed, GABA ‗A‘ receptor activation becomes depolarizing because of 

altered chloride homeostasis in a subset of subicular neurons in human epilepsy.75,76 GABAergic inhibitory 

postsynaptic potentials are governed by the time course with which GABA is removed from the synaptic cleft.  
This task is sub served by GABA transporters, which may be impaired in the human dentate gyrus.77 

The molecular substrate for this phenomenon may be down regulation of the underlying transporter proteins.78, 79 

Impaired uptake of GABA may underlie prolonged GABA ‗A‘-mediated responses in hippocampal sclerosis.80 

Metabotropic GABA ‗B‘ receptors inhibit neurotransmitter release from presynaptic terminals and mediate the 

late inhibitory postsynaptic potential. The expression of GABA ‗B‘ receptors has been examined in human 

temporal lobe epilepsy using various approaches, including in situ hybridization, immunohistochemistry, and 

ligand labeling.81Given the significant changes in synaptic properties as well as the profound changes in Ca2+ 

dynamics and handling, it is not surprising that synaptic plasticity is greatly impaired in hippocampal sclerosis. 

 
Figure 1: GABA ‘B’ receptors 

 

Anemia:  

Anemia is defined as a reduction of the red blood cell (RBC) volume or hemoglobin concentration 

below the range of values occurring in healthy persons (less than 2 SD). Anemia resulting from lack of 

sufficient iron for synthesis of hemoglobin is the most common hematologic disease of infancy and childhood. It 

is estimated that 30% of the global population suffers from iron-deficiency anemia; most of those affected live 

in developing countries.  

The definition of anemia varies by sex and age. The most commonly used definitions of anemia come 
from the Centers for Disease Control and Prevention (CDC) and the World Health Organization (WHO).82, 83 

Infants 0.5 to 4.9 years < 11 g/dL (110 g/L) 

Children 5.0 to 11.9 years < 11.5 g/dL (115 g/L) 

 

Iron deficiency remains a major nutritional problem among infants and young children in India and is a 

leading cause of morbidity and mortality worldwide.1, 2 Iron deficiencies was detected in 9% of infants and 

toddlers, with anemia in approximately one-third of those children. In infancy, the occurrence of iron deficiency 

is equal in both sexes. The National Family Health Survey III,  84 documented that about 78.9 percent children 

between the ages of 6-35 months were anemic. This includes 26% who are mild anemic, 40% are moderately 

anemic and 3% suffer from severe anemia.84The prevalence of iron deficiency is also higher among people 

living in chronic poverty. Iron deficiency tends to run in families, possibly as a result of economic factors. 

Adolescents are also susceptible to iron deficiency because of high requirements due to the growth spurt, dietary 

deficiencies, and menstrual blood loss. Numerous studies have demonstrated that even moderate anemia 
(hemoglobin <10 gm/dl) is associated with depressed mental and motor development in children that may not be 

reversible.  
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Its frequency is related to certain basic aspects of iron metabolism and nutrition. The body of a 

newborn infant contains about 0.5 g of iron, whereas the adult content is estimated at 5 g. To make up for this 

discrepancy, an average of 0.8 mg of iron must be absorbed each day during the first 15 year of life. In addition 
to this growth requirement, a small amount is necessary to balance normal losses of iron by shedding of cells. 

Accordingly, to maintain positive iron balance in childhood, about 1 mg of iron must be absorbed each day.
2
 

Iron deficiency has been identified as the risk factor for first febrile seizure.  

Iron lacks the glitter of gold and sparkle of silver but outshines both in biologic importance. This 

plebeian metal is vital to the function of a wide variety of critical enzymes, including catalases, aconitase, 

ribonucleotide reductase, peroxidases and cytochromes that exploit the flexible redox chemistry of iron to 

execute a number of chemical reactions essential for survival. In addition, we depend on hemoglobin, another 

iron containing protein, to transport inhaled oxygen from the lung to peripheral tissues.85  

The key to the biologic utility of iron is its ability to exist in either of two stable oxidation states: 

ferrous (Fe2+) or ferric (Fe 3+). This property permits iron to act as redox catalyst by reversibly donating or 

accepting electrons. When dissolved in aqueous solution, ferrous iron rapidly oxidizes to its ferric form, which 
is insoluble at physiologic pH.85The resulting ferric hydroxide salts (rust) are of no metabolic utility. To achieve 

stable solubility under physiologic conditions, iron must be complexed to iron binding agents termed chelators. 

Chelators are synthesized by all organisms ranging from microbes to humans. These molecules are crucial to the 

acquisition of iron from the environment and to its transport and storage within the body.85, 86 

 

Iron Absorption 

Iron metabolism is unique in that iron balance is achieved by control of absorption rather than by 

control of excretion.85 Except for menstruation and child bearing, there is no physiological mechanism for 

substantive iron loss. In normal men and non-menstruating women, iron is lost only with the desquamation of 

epithelial cells from the skin, gut and urinary tract.  

The loss of iron must be balanced by absorption of iron from the diet to maintain iron homeostasis. The 

amount of iron absorption is a function of the iron content of the diet, the bioavailability of dietary iron and the 
control exerted by intestinal mucosal cells. 

 

Dietary iron: Absorption of 5% to 10% (0.5-1 mg iron) dietary iron can maintain iron balance in men. This 

proportion increases to 20% in iron deficiency, giving a maximal daily gain of 3 to 4 mg. In iron overload, there 

will be decreased iron absorption.85 

There are two distinct pathway for iron absorption are for heme iron derived myoglobin and 

hemoglobin, and one for iron salt derived for the most part from non-animal sources.86 

 

Factors Affecting The Bioavailability Of Dietary Nonheme Iron
86 

Enhance Inhibit 

Ascorbic acid (Vit. C) Tannates (tea, coffee) 

Meat Bran Calcium 

Fish Egg yolk EDTA 

Poultry Antacids 

 Cholentyramine 

Clay 

Starch 

 

In the final analysis, the dietary content of heme iron is far greater significance for iron balance than is 

the presence of factor that interferes with the bioavailability of non-heme iron. Absorption of non-heme iron 

from the diet is limited and erratic, whereas heme iron is well-absorbed and augments the absorption of non-

heme iron.  

It has been estimated that a meal containing both meat and ascorbic iron has four times as much 

available iron as one containing little of either, even though the diets are comparable with respect to iron, 
protein and calorie content. Thus, iron deficiency has its highest prevalence in countries where little or no meat 

is consumed.  

 

Acquisition And Distribution Of Iron 

Iron is absorbed in the proximal small intestine, mediated in part by a variety of duodenal 

proteins.2Because absorption of dietary iron is assumed to be about 10%, a diet containing 8-10 mg of iron daily 

is necessary for optimal nutrition. Iron is absorbed two to three times more efficiently from human milk than 

from cow's milk, perhaps partly because of differences in calcium content. Breast-fed infants may, therefore, 

require less iron from other foods.2 

During the first years of life, because relatively small quantities of iron-rich foods are eaten, it is often 

difficult to attain sufficient iron. For this reason, the diet should include such foods as infant cereals or formulas 
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that have been fortified with iron; both of these are very effective in preventing iron deficiency.2 Formulas with 

7-12 mg Fe/L for full-term infants and premature infant formulas with 15 mg/L for infants less than 1,800 g at 

birth are effective. Infants breast-fed exclusively should receive iron supplementation from 4 month of age.2 
Iron is absorption predominantly in the proximal duodenum.89The physical state of iron entering the 

duodenum greatly influence its absorption. At physiological pH, ferrous iron is rapidly converted to insoluble 

ferric form. Acid produced by the stomach serves to lower the pH and thereby enhance the solubility and uptake 

of iron.  

Heme is absorbed separately from the more efficiently than inorganic iron, independent of duodenal 

pH. Consequently, meat is an excellent nutritive source of iron. Heme iron absorption is poorly understood, but 

a heme oygenase inhibitor has been shown to block heme catabolism in the intestine and result in iron deficient 

state.90 

A number of dietary factors influence iron absorption.91 Ascorbate and citrate increase iron uptake, in 

part by acting as weak chealtors to help solubilize the metal in the duodenum. Iron is readily transferred from 

these compounds to the absorptive epithelium. Conversely, plant phytates, bran and tannins inhibit iron 
absorption.92, 93These compounds also chelate iron but prevent its uptake by the absorption machinery.  

Non-heme iron arrives at the apical surface of the absorptive duodenal enterocyte in its ferric (Fe3+) 

form. It is reduced through the action of a brush border ferric reductase. This enzyme may be duodenal 

cytochrome b, a heme protein that is homologous to b561 cytochromes.94 Expression of duodenal cytochrome B 

is significantly greater in the proximal duodenum than elsewhere and increases in iron deficiency.  

Ferrous iron is then taken up by the enterocyte through the action of divalent metal transported 1 

(DMT1).95, 96 Transport requires movement of protons along with the metal ions (symport) to generate electrical 

gradient. DMT1 functions only at low pH; it has little or no activity at neutral pH. DMT1 is widely expressed, 

but duodenal levels increase dramatically in iron deficient state.96,97 

DMT1 can also transport other divalent metal ions, including cadmium (Cd2+), cobalt (Co2+), copper 

(Cu2+), manganese (Mn2+), lead (Pb3+).96 Increased iron absorption induced by iron deficiency also enhances 

the uptake of these elements.  
Because iron deficiency often coexists with lead intoxication, this interaction has vast public 

importance and can produce particularly serious medical complication in children.98 

After iron enters the absorptive enterocyte through the action of DMT1, it has at least two possible 

fates. It can be retained by the cell and subsequently be lost when the enterocyte dies and is sloughed into the 

intestinal lumen, or it can be transported across the basolateral membrane to enter the body. Iron retained by the 

enterocyte is used for cellular metabolism or incorporated into ferritin. Exported iron leaves the cell through the 

action of unique basolateral transmembrane iron transporter ferroprotein (FPN1, also known as SLC40A1, MTP 

IREG1).99, 100,101 

Basolateral iron transfer also requires a change in the oxidation state of the metal, probably mediated 

by the multicopper ferroxidase hepaestin, 103,105 which bears strong homology to the plasma protein 

ceruloplasmin. A candidate intestinal heme transporter was reported but subsequently proven to be a folate 
transported instead.107  

Normally, only 10% of dietary non heme iron entering the duodenum is absorbed. However, this value 

increases significantly with iron deficiency.105 In contrast; iron overload reduces, but does not completely 

eliminate absorption, thus reaffirming the fact that body iron stores regulate absorption. Investigation has 

designated this modulation the ―stores regulator‖.105In addition, both iron deficiency anemia and the anemia 

associated with ineffective erythropoesis induce a marked increase in iron absorption. This effect is greater than 

that seen with variations in iron stores, and it has been designated the ―erythroid regulator‖.105Additionally, 

hypoxia increases iron absorption, independent of anemia.  

The peptide hormone hepcidin inks the actions of all these regulator through a unifying molecular 

mechanism. Hepcidin is a 25-aminoacid pepride produced in the liver from a larger precursor. It circulates in 

serum and binds to iron exporter ferroprotein on the basolateral surface of absorptive enterocyte, which causes 

ferroprotein to be internalized and degraded.107In this way, hepcidin controls cellular iron egress. Hepcidin thus 
regulates iron absorption at the level of intestinal epithelium in that any iron unable to leave the enterocytes is 

lost when these cells senesce and are sloughed into the gut lumen.  

Expression of hepcidin is induced in response to iron overload108, 109 and inflammation110, 114 and 

repressed to increased erythropoietic activity111, 112 and hypoxia.111 Regulation appears to be at the level of gene 

transcription. However, the signals that govern hepcidin transcription in response to these stimuli are 

incompletely understood. Only the inflammatory cytokines interleukin-6 has been definitely shown to be 

involved in regulation of hepcidin expression by physiologic changes outside the liver.113, 114,115 

Most of the total body iron is ultimately incorporated into hemoglobin in erythroid precursors. Recycle 

of iron from senescent red cells has crucial role to meet the demand of high red cells turnover. Plasma iron 

turnover (PIT) represents the mass turnover of transferring bound iron in the circulation.116 Accelerated 
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erytropoiesis increases PIT and enhances iron uptake from the gastrointestinal tract.117 Although hepcidin 

appears to be the effector molecule that alters intestinal absorption, an upstream, circulating factor that 

communicates the iron needs or the erythron must exist.105,118  
The erythroid control of hepcidin expression is particularly apparent in patients with thalaseemia 

intermedia, in whom marked iron overload develops even without transfusions. The accelerated but ineffective 

erythropoieses takes place in thalassemia substantially boosts iron absorption. Increased PIT also leads to 

increased gastrointestinal iron absorption in pregnancy, in which PIT is accelerated by placental removal of iron. 

This increases the availability of the element to meet the needs of growing and developing infant. 

 

Intracellular Iron Transport 

Only a small proportion of total body iron enters and leaves the body each day. Intracellular iron transport is 

quantitatively more important that intestinal absorption. The erythroid cells makes up 60 to 80% of the total 

body endowment in normal individuals. 

Approximately 0.1% of total body iron circulates in plasma as an exchange pool. In normal individuals, 
nearly all circulating plasma iron is bound to transferring. Transferrin serves three purposes:  

I. It renders iron soluble under physiological conditions  

II. II. It prevents iron mediated free radical toxicity  

III. It facilitates transport into cells  

 

Transferrin is by far the most important physiologic supplier of iron to most tissues in the body. It is an 

80-kd glycoprotein that has homologous N-terminal and C-terminal iron binding domains. The liver is the major 

site of synthesis and secretion of transferrin. Other tissues including sertoli cells of the testis, oligodendrocytes 

of central nervous system, lymphocytes muscles cells, and mammary cells can however also produce the 

protein.  

Transferrin m RNA and protein have been detected in oligodendocytes. The blood brain barrier limits 

the access of central nervous system to serum molecules Iron is needed to support a vast array of redox reactions 
that produce specialized neurotransmitter compounds such as gamma aminobutyric acid which is an important 

inhibitoty neurotransmitter present in the central nervous system.  

At other site such as Sertoli cells of testis transferrin play a vital role in spermatocyte development, and 

transferrin play a role in T lymphocyte mediated immunity.  

The sum of all iron binding sites on transferrin constitutes the total iron binding capacity (TIBC) of 

plasma. This, on a molar basis, TIBC is twice the concentration of transferrin protein because each transferrin 

molecule can bind to two iron atoms. Under normal circumstances, about a third of transferrin‘s iron binding 

pockets are filled. Consequently, expect for the situation of iron over-load in which all transferrin bound iron in 

the circulation is present at very low concentrations.  

Radioactive tracer studies indicate that at least 80% of the iron bound to circulating transferrin is 

delivered to the bone marrow and incorporated into newly formed reticulocytes.119,120 Other major sites of 
iron delivery include the liver, which is a primary depot of stored iron and the spleen. Hepatic iron is found both 

in the hepatocytes and reticuloendothelial cells. Aged red cells are broken down in the reticuloendothelial cells 

and iron extracted from heme is returned to circulation bound to transferrin.  

Iron is taken into cells by receptor mediated endocytosis by diferric transferrin.121,122,123 Receptors on 

the outer surface of the plasma membrane bind iron on the outer plasma membrane bind loaded transferrin with 

very high affinity. The C-terminal domain of transferrin appears to mediate receptor binding.
124

 Diferric 

transferrin binds with much higher affinity than monoferric transferrin or apotransferrin.125,126 The cellular 

transferrin receptors are ordinarily fully saturated.  

After binding to its receptors on the cell surface, transferrin is internalized through a constitutive 

mechanism that begins with invagination of clathrin coated pits and the formation of endocytic vesicles. This 

process requires the short, 61-aminoacid intracellular tail of the transferrin receptor molecule.127-129 Receptors 

truncated N-terminal cytoplasmic domains do not recycle properly. This portion of the molecule contains a 
conserved tyrosine-threonine-arginine-phenyalanine (YTRF) sequence that function as a signal for endocytosis. 

Genetically engineered addition of a second YTRF sequence enhances receptor endocytosis.  

An ATP-dependent proton pump lowers the pH of the internalized endosome to about 5.5.130,131,132 

Acidification of the endosomes weakens the association between iron and transferrin and promotes a 

conformational change in the transferrin receptor and facilitates release of iron.  

An endosomal ferrrireductase must reduce iron from the ferric salt to ferrous salt, either at the same 

time that it is released from transferrin or soon afterwards.  

The iron released from the transferrin must leave the endosomes and enter the cytoplasm and 

mitochondria for use in heme biosynthesis, Fe/S cluster formation storage and other purpose. This 

transmembrane transport step is also mediated by DMT1.133Once transported out of the endosomes or across the 
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plasma membrane, iron must be delivered to sites of use or stored in the form of ferritin. In the erythroid cells, 

iron is delivered across the mitochondrial inner membrane by mitoferrin-1 (SLC25A37), 134 where it is 

incorporated into heme by the enzyme ferrochelatase Preservation and reuse of transferrin are accomplished by 
pH dependent changes in the affinity of transferrin for its receptor.122, 124,129 The average transferrin molecule, 

with a half-life of 8 days, may be used hundreds of times for delivery of iron.  The uptake of iron bound to 

transferrin is important for red blood cell hemoglobinization and maturation and for developing central nervous 

system. Lack of transferrin receptor leads to severe anemia and primitive neuroepithelial cell undergo apoptosis 

at greatly increased rate. Thus it can be concluded that transferring cycle is of primary importance in 

erythropoieses and neurogenesis but of lesser importance in other mammalian tissues. 

 
Figure 2: Fate of iron inside a cell 

 

The Endocytic Transferrin Cycle 

Ferritin 

Once inside the cytoplasm, iron is probably bound by unidentified carrier molecule that may assist in 

delivery to various intracellular locations, including mitochondria (for heme biosynthesis) and ferritin (for 

storage). The amount of iron in transit within the cell at any point of time is small and difficult to measure. This 

minute pool of transit iron, which is believed to be in the Fe2+ oxidation state, is biologically active and 

potentially toxic form of the element. Metabolically inactive iron, stored in ferritin and hemosiderin, is nontoxic 

and in equilibrium with this exchangeable transit iron.  

 
Figure 3: Structure of ferritin 

 

Both prokaryotes and eukaryotes produce ferritin molecules for iron storage. Mammalian ferritin 

molecules are complex 24-subunit heteropolymers of H (for heavy or heart) and L (for light or liver) protein 

subunits. L subunit are 19.7 kd in mass, with isoelectric points of 4.5 to 5.0; H subunit are 21 kd in mass with 

isoelectric points of 5.0 to 5.7. The degree of homology between the two is only 50%. They assemble to form a 

sphere with a central cavity in which up to several thousand atoms of crystal-line iron can be stored in the form 

of poly-iron-phosphateoxide.180 Eight channel through the sphere are lined by hydrophilic amino acid residues 

(along the three fold axes of symmetry) and six more are lined by hydrophobic residues (along the four fold 

axes).136 Strong interspecies amino acid conservation is seen in the residues that line the hydrophilic channels, 
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whereas marked variation is seen in those along the hydrophobic passages. The hydrophilic channels terminate 

with aspartic acid and glutamic acid residues and are lined by serine, histidine, and cysteine residues.  

Only H ferritin has ferroxidase activity. A mechanism involving dioxygen converts ferrous to ferric 
iron, thereby promoting incorporation into ferritin.137, 138The composition of ferritin shells varies from H-subunit 

homopolymers to L-subunit homopolymers and includes all possible combination between the two. Ferritin 

from liver and spleen is rich in L subunits and heart has ferritin rich in H subunit. Increased H-subunit content 

correlates with increased iron utilization, whereas increased L-subunit content correlates with increased iron 

storage.139 The H-to-L ratio increases with increased cell proliferation.140 Thus ferritin provides a flexible 

reserve for iron.  

Ferritin molecules aggregate into clusters that are engulfed by lysosomes and degraded. The end 

product of this process, hemosiderin, is an amorphous agglomerate of denatured protein and lipid interspersed 

with iron oxide molecules. In cells overloaded with iron, lysosomes accumulate large amount of hemosiderin, 

which can be visualized by Prussian blue staining. Hemosiderin is in equilibrium with soluble ferritin and 

ferritin iron is turn is in equilibrium with iron complexed with low molecular-weight carrier molecules. The 
bioavailability of hemosiderin iron is much lower than that of iron stored in ferritin.  

The ferritin genes for H and L subunit are located in human chromosomes 11 and 19, respectively. In 

addition, there is an intronless gene encoding a mitochondrion specific H-like ferritin molecule located in 

human chromosome 5q.  

Ferritin formation is controlled at multiple levels – transcription, message stabilization, translation and 

subunit assembly. In the liver and in HeLa cells, iron rapidly induces the synthesis of L subunit m RNA, with no 

effect on H-subunit mRNA. Iron, heme, reactive oxygen species, and oxidative stress all enhance transcription 

and translation of the ferritin H-subunit.  

Cytoplasmic ferritin mRNA forms a stable complex with several proteins. Both iron and interleukin-1β 

enhance translation of ferritin mRNA. Influx of iron enhances the synthesis of ferritin subunits. This translation 

control mechanism involves an RNA protein interaction that links the expression of genes coding ferritin, the 

transferrin receptor, enzymes of heme biosynthesis, DMT1, ferroportin and other protein.  
Although most ferritin is located within the cells, a measurable amount of the protein exists in serum. 

Intracellular concentrations, particularly in the liver, are several orders of magnitude higher than serum 

concentration. Circulating ferritin consists almost exclusively of L-chain subunits. Intracellular ferritin contains 

a mixture of H and L subunits.  

Ferritin can also be detected extracellularly, in cerebrospinal fluid and synovial fluid. In serum it is an 

extracellular ferritin that has been used extensively in diagnostic tests. In the clinical setting, serum ferritin 

evaluation is most commonly used to estimate body iron stores as low serum ferritin correlates with iron 

depletion, whereas high serum ferritin correlates with elevated body iron stores or with inflammation in patients 

with normal body iron stores.2, 3 

Serum ferritin levels decline with iron deficiency and rise with iron loading. In the absence of liver 

disease, infection, or chronic inflammation, serum ferritin is roughly proportional to total body iron stores. The 
correlation between serum ferritin levels and body iron stores is useful in the evaluation of patients with possible 

iron deficiency or iron overload. A low serum ferritin level less than 12 μg/L invariably represents iron 

deficiency and high serum ferritin levels are found in patients with iron overload. Extreme serum ferritin level 

should be interpreted with cautiously, however, because the correlation between ferritin levels and body iron 

stores is approximately linear only for storage reserves ranging from 1 to 3 g. Normal circulating ferritin values 

vary with sex and age. These considerations must be factored into any evaluation of iron stores based on ferritin 

values, particularly in children.  

Ferritin being acute phase reactant raises in several condition. Inflammation increases the serum ferritin 

concentration several fold.143 Infections, particularly chronic conditions such as tuberculosis or osteomyleitis 

may also increase levels substantially. Chronic renal disease and chronic liver disease are likewise associated 

with elevated levels. Ferritin is an important prognostic factor of childhood neuroblastoma, in which high levels 

of serum ferritin correlate with disease severity.  

 

Causes For Iron Deficiency
144 

I. Deficient intake 

Dietary (milk, 0.5–1.5 mg iron/L) 

II. Increased demand 

Growth (low birth weight, prematurity, low-birth-weight twins or multiple births, adolescence, pregnancy), 

cyanotic congenital heart disease. 
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III. Blood loss 

A. Perinatal 

1. Placental 
a. Transplacental bleeding into maternal circulation 

b. Retroplacental (e.g., premature placental separation) 

c. Intraplacental 

d. Fetal blood loss at or before birth (e.g., placenta previa) 

e. Fetofetal bleeding in monochorionic twins 

f. Placental abnormalities  

2. Umbilicus 

a. Ruptured umbilical cord (e.g., vasa previa) and other umbilical cord 

Abnormalities 

b. Inadequate cord tying 

c. Post-exchange transfusion 
B. Postnatal 

1. Gastrointestinal tract 

a. Primary iron-deficiency anemia resulting in gut alteration with blood loss 

Aggravating existing iron deficiency: 50% of iron-deficient children have 

Guaiac-postive stools 

b. Hypersensitivity to whole cow‘s milk? due to heat-labile protein, 

resulting in blood loss and exudative enteropathy (leaky gut syndrome). 

c. Anatomic gut lesions (e.g., varices, hiatus hernia, ulcer, leiomyomata, 

ileitis,Meckel‘s diverticulum, duplication of gut, hereditary 

telangiectasia, polyps, colitis, hemorrhoids); exudative enteropathy 

caused by underlying bowel disease (e.g., allergic gastroenteropathy, 

intestinal lymphangiectasia) 
d. Gastritis from aspirin, adrenocortical steroids, indomethacin, 

phenylbutazone 

e. Intestinal parasites (e.g., hookworm [Necator americanus]) 

f. Henoch–Schönlein purpura 

2. Hepatobiliary system: hematobilia  

3. Lung: Pulmonary hemosiderosis, Good pasture syndrome, defective iron mobilization with IgA deficiency 

4. Nose: recurrent epistaxis 

5. Uterus: menstrual loss 

6. Heart: intracardiac myxomata, valvular prostheses or patches 

7. Kidney: microangiopathic hemolytic anemia, hematuria, nephrotic syndrome (urinaryloss of transferrin), 

hemosiderinurias—chronic intravascular hemolysis (e.g., paroxysmal nocturnal hemoglobinuria, paroxysmal 
cold hemoglobinuria, march hemoglobinuria)  

8. Extracorporeal: hemodialysis, trauma 

 

IV. Impaired absorption 

Malabsorption syndrome, celiac disease, severe prolonged diarrhea, postgastrectomy, inflammatory 

bowel disease, Helicobacter pylori infection associated chronic gastritis. 

 

Infants At High Risk For Iron Deficiency
144 

Increased iron needs: 

Low birth weight 

Prematurity 

Multiple gestation 
High growth rate 

Chronic hypoxia – high altitude, cyanotic heart disease 

Low hemoglobin at birth 

Blood loss:  

Perinatal bleeding 

Dietary factors: 

Early cow‘s milk intake 

Early solid food intake 

Rate of weight gain greater than average 

Low-iron formula 
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Frequent tea intake 

Low vitamin C intake 

Low meat intake 
Breast-feeding >6 months without iron supplements 

Low socioeconomic status (frequent infections) 

 

Tissue Effects Of Iron Deficiency 

I. Gastrointestinal tract 

A. Anorexia—common and an early symptom 

1. Increased incidence of low-weight percentiles 

2. Depression of growth 

B. Pica—pagophagia (ice) geophagia (sand) 

C. Atrophic glossitis 

D. Dysphagia 
E. Esophageal webs (Kelly–Paterson syndrome) 

F. Reduced gastric acidity 

G. Leaky gut syndrome 

1. Guaiac-positive stools—isolated 

2. Exudative enteropathy: gastrointestinal loss of protein, albumin, 

immunoglobulins, copper, calcium, red cells 

H. Malabsorption syndrome 

1. Iron only 

2. Generalized malabsorption: xylose, fat, vitamin A, duodenojejunal mucosal 

Atrophy 

I.  Beeturia 

J. Decreased cytochrome oxidase activity and succinic dehydrogenase 
K. Decreased disaccharidases, especially lactase, with abnormal lactose tolerance tests 

L. Increased absorption of cadmium and lead (iron-deficient children have increased 

lead absorption) 

M. Increased intestinal permeability index 

 

II. Central nervous system 

A. Irritability 

B. Fatigue and decreased activity 

C. Conduct disorders 

D. Lower mental and motor developmental test scores on the Bayley scale that may be long lasting 

E. Decreased attentiveness, shorter attention span 
F. Significantly lower scholastic performance 

G. Reduced cognitive performance 

H. Breath-holding spells 

I. Papilledema 

 

III. Cardiovascular system 

A. Increase in exercise and recovery heart rate and cardiac output 

B. Cardiac hypertrophy 

C. Increase in plasma volume 

D. Increased minute ventilation values 

E. Increased tolerance to digitalis 

 

IV. Musculoskeletal system 

A. Deficiency of myoglobin and cytochrome C 

B. Impaired performance of a brief intense exercise task 

C. Decreased physical performance in prolonged endurance work 

D. Rapid development of tissue lactic acidosis on exercise and a decrease in 

mitochondrial α-glycerophosphate oxidase activity 

E. Radiographic changes in bone – widening of diploic spaces 

F. Adverse effect on fracture healing  
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V. Immunologic system 

There is conflicting information as to the effect on the immunologic system of 

irondeficiency anemia. 
A. Evidence of increased propensity for infection 

1. Clinical 

a. Reduction of acute illness and improved rate of recovery in iron-replete 

    Compared to iron-deficient children 

b. Increased frequency of respiratory infection in iron deficiency 

2. Laboratory 

a. Impaired leukocyte transformation 

b. Impaired granulocyte killing and nitroblue tetrazolium (NBT) reduction by 

granulocytes 

c. Decreased myeloperoxidase in leukocytes and small intestine 

d. Decreased cutaneous hypersensitivity 
e. Increased susceptibility to infection in iron-deficient animals 

B. Evidence of decreased propensity for infection 

1. Clinical 

a. Lower frequency of bacterial infection 

b. Increased frequency of infection in iron overload conditions 

2. Laboratory 

a. Transferrin inhibition of bacterial growth by binding iron so that no free iron 

    Is available for growth of microorganisms 

b. Enhancement of growth of nonpathogenic bacteria by iron 

 

VI. Cellular changes 

A. Red cells 
1. Ineffective erythropoiesis 

2. Decreased red cell survival (normal when injected into asplenic subjects) 

3. Increased autohemolysis 

4. Increased red cell rigidity 

5. Increased susceptibility to sulfhydryl inhibitors 

6. Decreased heme production 

7. Decreased globin and α-chain synthesis 

8. Precipitation of α-globin monomers to cell membrane 

9. Decreased glutathione peroxidase and catalase activity 

a. Inefficient hydrogen peroxide (H2O2) detoxification 

b. Greater susceptibility to H2O2 hemolysis 
c. Oxidative damage to cell membrane 

d. Increased cellular rigidity 

10. Increased rate of glycolysis-glucose 6-phosphate dehydrogenase,6-phosphogluconate dehydrogenase, 2,3-

diphosphoglycerate (2,3-DPG), and glutathione 

11. Increase in NADH-methemoglobin reductase 

12. Increase in erythrocyte glutamic oxaloacetic transaminase (EGOT) 

13. Increase in free erythrocyte protoporphyrin 

14. Impairment of DNA and RNA synthesis in bone marrow cells 

B. Other tissues 

1. Reduction in heme-containing enzymes (cytochrome C, cytochrome 

oxidase) 

2. Reduction in iron-dependent enzymes (succinic dehydrogenase, aconitase) 
3. Reduction in monoamine oxidase (MAO) 

4. Increased excretion of urinary norepinephrine 

5. Reduction in tyrosine hydroxylase (enzyme converting tyrosine to 

dihydroxyphenylalanine) 

6. Alterations in cellular growth, DNA, RNA, and protein synthesis in animals 

7. Persistent deficiency of brain iron following short-term deprivation 

8. Reduction in plasma zinc 
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Iron And Brain 

Behavioral and cognitive dysfunctions are most worrisome manifestations of Iron deficiency. Recent 

research has revealed that anemia is a late manifestation of iron deficiency, brain iron deficiency occurs even 
with normal levels of hemoglobin, as iron is prioritized to red blood cells over all other organs including 

brain.
6
The biological basis of the behavioral and cognitive developmental delays observed in iron-deficient 

infants is not completely understood but possibilities include: 

a. abnormalities in neurotransmitter metabolism 

b. decreased myelin formation, and 

c. alterations in brain energy metabolism.5 

Brain growth spurt takes place in last trimester of fetal life and continues during first two years of 

childhood. Animal studies have revealed that brain iron content is maximum at birth, decreases during early 

infancy and again increases with weaning. Brain iron has heterogenous distribution in brain with basal ganglia, 

substantia nigra and deep cerebellar nuclei being richer in iron content.5Iron deficiency during this period of 

growth spurt has been shown to be associated with irreversible cognitive and developmental delay. Besides this, 
developing human hippocampus, an area involved in memory processing, is much more vulnerable to perinatal 

iron deficiency.6 

Evoked potential studies have been undertaken to look for adverse effects of iron deficiency on neural 

tissues. These studies have advantage of avoiding potential inherent confounding factors including anemia and 

low socioeconomic status. Many of these studies have reported longer latencies on brainstem auditory evoked 

potential and visually evoked potentials in formerly iron deficient children, suggestive of hypo myelination in 

these children. 

Iron is used as cofactor for metabolism of many neurotransmitters, monoamine and aldehyde oxidase in 

the brain.27 The metabolism of these neurotransmitter, monoamine and aldehyde oxidase will be affected in the 

patient with iron deficiency leading to decrease in these neurotransmitter, which may decrease the threshold for 

seizure.26 Fever can worsen the negative effects of low serum ferritin on the brain and trigger seizure.27 Brain 

iron distribution is related to the distribution of gamma aminobutyric acid (GABA) systems. The high iron 
regions of the brain receive GABAergic input. Iron deficiency decreases GABA related enzymes and increases 

GABA receptors.  

 

Diagnosis 

Diagnostic Evaluation 

As soon as the child is brought to medical attention following an apparent febrile convulsion, it is 

important to identify whether any medical condition is present that requires treatment. The history should 

include possible symptoms of infectious illness, trauma, medication taken, exposures to toxins, developmental 

level, and any previous or family history of seizures, either febrile or afebrile. Whenever possible, a complete 

description of the seizure from start to finish should be obtained from an eyewitness. This history may be 

unreliable because caretakers are often very frightened by the seizure. 
A general physical examination should note the level of consciousness and presence or absence of 

meningismus, tense or bulging fontanelle, Kernig or Brudzinski signs, and focal differences or abnormality in 

muscle strength and tone. Urgent attention must be given to exclude the presence of meningitis and status 

epilepticus. 

For children with many febrile seizures, it is important to consider a chronic infection or immune 

deficiency. Two practice parameters prepared for the American Academy of Pediatrics, based on peer-reviewed 

publications about simple febrile seizures, 145,146 have concluded that very little investigation is warranted. 

 

Routine Blood Work 

Routine blood work has not been shown to be of value. Two studies have suggested that low serum 

sodium after a first febrile seizure is associated with a significant risk of a recurrent febrile seizure within that 

illness; 147,148 however, another more robust study failed to confirm this association.149 Because rates of 
bacteremia (2%) and other serious bacterial illnesses are low (2%), blood cultures and complete blood count are 

not routinely necessary. 

 

Lumbar Puncture 

The main controversy in the evaluation of febrile seizures continues to be the Lumbar puncture (LP). 

About 15% of children with meningitis will have seizures, but virtually none are neurologically normal shortly 

after the seizure.150Once a febrile seizure has stopped, excluding meningitis/encephalitis becomes a critical task 

for the physician. A LP is indicated if meningitis is suspected clinically, even if a source of infection outside the 

CNS has been found, such as otitis media. If the infant has been receiving antibiotics, partially treated 
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meningitis should be considered. In infants younger than 12 to 18 months, clinical signs of meningitis may be 

absent, and a LP should be strongly considered.151 However, this clinical truism has not been critically assessed.  

The American Academy of Pediatrics Committee on Quality Improvement Committee practice 
parameter states: ―The clinical evaluation of young febrile children requires skills that vary among examiners. In 

all children younger than 12 months, performance of a lumbar puncture should be strongly considered.‖
146 

In the 

slightly older child, the practice parameter maintains: ―In a child between 12 to 18 months of age, a LP should 

be considered because clinical signs and symptoms of meningitis may be subtle‖.152 

The LP should not be omitted solely on the basis of age or family history, and it should be considered 

even in a child who has had several previous febrile seizures. If increased intracranial pressure is suspected, the 

decision to perform a LP should be made by an experienced physician who is able to weigh the risk of delaying 

a possible diagnosis of meningitis against the risk of LP. It is clear that meningitis is incredibly unlikely if a 

child older than 18 months of age appears well shortly after the seizure. The American Academy of Pediatrics 

Committee on Quality Improvement Committee stated, ―In a child older than 18 months, although a lumbar 

puncture is not routinely warranted, it is recommended in the presence of meningeal signs and symptoms. In 
addition, if the child has previously been treated with antibiotics, the clinician should be aware that the signs and 

symptoms of CNS infection may become masked, and lumbar puncture should be strongly considered in such 

cases‖.146  

In one series, of 503 children with meningitis, none had a simple febrile seizure.150 Offringa studied 

309 children who had an LP after presenting to an emergency department with a seizure associated with fever.153 

Ten cases had meningitis (bacterial or viral), and all had major signs pointing to serious illness. Six other 

children had the same signs but did not have meningitis. Therefore, only 16 of 309 ―needed‖ an LP to exclude a 

CNS infection. 

An older study by Lorber suggested that an experienced pediatrician could avoid many LPs without 

missing cases of meningitis.154Such a selective approach implies that the physician assessing the child is 

experienced with the kinds of symptoms that are associated with meningitis in children. This judgment seems to 

be based on ―the child appeared more ill than the physical signs suggested; had photophobia, neck stiffness, or a 
positive Kernig sign; had continuing pyrexia without obvious cause; or deteriorated in hospital‖.153 The 

contention that ―lack of experience by junior doctors does not justify routine lumbar puncture‖ must be 

tempered by what is realistically possible.154 We suggest following the practice parameter recommendation 

(noted earlier) to perform a LP if the child is less than 12 months of age, unless an experienced pediatrician is 

available to assist.  

 

Neuroimaging 

The published evidence indicates no proven benefit for neuroimaging in children with either simple or 

complex febrile seizures. Neuroimaging would appear justified only when special evidence points to an 

underlying structural lesion such as focal neurologic abnormalities, significant developmental delay, 

neurocutaneous lesions or abnormal head circumference.146 Anxiety about complex febrile seizures does not 
justify routine imaging, especially considering that this group involves 30% to 40% of all first febrile seizures. 

No abnormalities were found in one study of computed tomography (CT) scans in 44 hospitalized febrile seizure 

patients.155 

 

Electroencephalograph 

Routine electroencephalography (EEG) is not justified after a first simple febrile seizure, either at the 

time of presentation or within the following month.146 Even though EEG is often requested, no consistent 

evidence suggests that routine EEG predicts febrile seizure recurrence or subsequent epilepsy.156, 157 

Furthermore, studies of children with complex febrile seizures have not shown the EEG to be predictive of the 

development of epilepsy. 

The one special feature of the EEG and febrile seizures is hypnagogic spike wave. This discharge 

consists of short bursts of irregular high-voltage δ-waves with a few buried spikes as the child drifts off to sleep. 
It has a peak expression at about  to 4 years of age—long after the peak age of febrile seizures—and apparently 

may be seen in the majority of children with febrile seizures.158 Many authorities view hypnagogic spike-wave 

as an expression or marker of the febrile seizure tendency but, in any case, it carries no long-term negative 

connotations. The value of EEG in children with repeated febrile seizures has apparently not been extensively 

studied.  

 

Differential Diagnosis 

Rigors due to fever, febrile myoclonus, breath-holding, and syncope triggered by illness must be 

differentiated from febrile seizures.159 It is possible that many febrile seizures are febrile syncope, a diagnosis 
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that should be suspected on the semiology of reflex asystolic attacks accompanied by sudden pallor and atonic 

collapse or tonic extension. 

A new scenario of an afebrile seizure associated with minor infection was  described by Lee.159 The age 
group is similar to those with febrile seizures, and a high prevalence of family history of febrile seizures is 

noted. Children with this disorder frequently have febrile seizures on other occasions. The seizures occur in 

children who are afebrile (temperature <37.8°C), have definite signs or symptoms of illnesses (cough, coryza, 

vomiting, or diarrhea), and have normal metabolic and cerebrospinal fluid findings and no other obvious cause 

for seizures. Nearly 25% of the 125 children had more than one recurrent seizure within the next 24 hours. After 

a follow-up of 6 years, the risk of recurrence of an afebrile seizure was 7.8%, as compared with 1.6% followed 

having a first unprovoked (regular) febrile seizure. There is an overlap in presentation between febrile and 

illness-provoked seizures. We are not convinced that including them within the acute symptomatic group is 

appropriate, as mentioned previously. The appropriate initial evaluation for cause of seizures is similar, as is the 

supportive care, counseling, and long-term management.  

 

Blood 

1. Hemoglobin: Hemoglobin is below the acceptable level for age.82, 83 Infants 0.5 to 4.9 years < 11 

g/dL (110 g/L) Children 5.0 to 11.9 years < 11.5 g/dL (115 g/L) 
Infants 0.5 to 4.9 years  

 

< 11 g/dL (110 g/L) 

Children 5.0 to 11.9 years < 11.5 g/dL (115 g/L) 

2. Red cell indices: Lower than normal MCV, MCH, and MCHC for age. Widened red cell distribution 

width (RDW) in association with a low MCV is one of the best screening tests for iron deficiency. In iron 

deficiency it is more than 15 (normal value 11-15%). 

3. Blood smear: Red cells are hypochromic and microcytic with anisocytosis and poikilocytosis, 

generally occurring only when the hemoglobin level falls below 10 g/dL. Basophilic stippling can also be 

present but not as frequently as it is present in thalassemia trait. The RDW is high (>15%) in iron deficiency and 

normal is 11.11,12,13,14,15 

4. Reticulocyte count: The reticulocyte count is usually normal; however, in severe iron-deficiency 

anemia associated with bleeding, a reticulocyte count of 3-4% may occur. 

5. Platelet count: The platelet count varies from thrombocytopenia to thrombocytosis. 

Thrombocytopenia is more common in severe iron-deficiency anemia; thrombocytosis is present when there is 
associated bleeding from the gut. 

6. Free erythrocyte protoporphyrin: The incorporation of iron into protoporphyrin 

represents the ultimate stage in the biosynthetic pathway of heme. Failure of iron supply will result in an 

accumulation of free protoporphyrin not incorporated into heme synthesis in the normoblast and the release of 

erythrocytes into the circulation with high free erythrocyte protoporphyrin (FEP) levels. In both iron deficiency 

and lead poisoning, the FEP level is elevated. It is much higher in lead poisoning than in iron deficiency. The 

FEP is normal in α- and β-thalassemia minor. FEP elevation occurs as soon as the body stores of iron are 

depleted, before microcytic anemia develops. An elevated FEP level, therefore, is an indication for iron therapy 

even when anemia and microcytosis have not yet developed. 

7. Serum ferritin: The level of serum ferritin reflects the level of body iron stores; it is quantitative, 

reproducible, specific, and sensitive and requires only a small blood sample. A concentration of less than 12 

ng/mL is considered diagnostic of iron deficiency. Normal ferritin levels, however, can exist in iron deficiency 
when bacterial or parasitic infection, malignancy, or chronic inflammatory conditions coexist because ferritin is 

an acute-phase reactant. 

8. Serum iron and iron saturation percentage: Serum iron estimation as a measure of iron deficiency has 

serious limitations. It reflects the balance between several factors, including iron absorbed, iron used for 

hemoglobin synthesis, iron released by red cell destruction, and the size of iron stores. The serum iron 

concentration represents equilibrium between the iron entering and leaving the circulation. Serum iron has a 

wide range of normal, varies significantly with age, and is subject to marked circadian changes (as much as 100 

μg/dL during the day. Serum iron not used for the routine diagnosis of iron deficiency (in favor of MCV, RDW, 

FEP, and serum ferritin) because of the following limitations: 

A. Wide normal variations (age, sex, laboratory methodology) 

B. Time consuming 
C. Subject to error from iron ingestion 

D. Diurnal variation 

E. Falls in mild or transient infection. 

9. Therapeutic trial: The most reliable criterion of iron-deficiency anemia is the hemoglobin response to an 

adequate therapeutic trial of oral iron. A reticulocytosis with a peak occurring between the 5th and 10th 

days followed by a significant rise in hemoglobin level occurs. The absence of these changes implies that 
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iron deficiency is not the cause of the anemia. Iron therapy should then be discontinued and further 

diagnostic studies implemented. 

 

 
Figure 4: Diagnostic algorithm for iron deficiency anemia 

(MCV = mean corpuscular volume; LR+ = positive likelihood ratio; TIBC = total 

Iron-binding capacity; FE = serum iron; TfR = serum transferring receptor) 

 

In progressive iron deficiency, a sequence of biochemical and hematological events occurs. First, the 

tissue iron store represented by bone marrow hemosiderin disappears. The level of serum ferritin, an iron 

storage protein provides a relatively accurate estimate of body iron stores in the absence of inflammatory 

disease. Normal ages are age dependent and decreased level accompanies iron deficiency. Next, serum iron 

decreases (also age dependent), the iron binding capacity of serum (serum transferrin) increases, and the 

percentage saturation (transferrin saturation) falls below normal. When the availability of iron becomes rate 
limiting step in hemoglobin synthesis, free erythrocyte protoporphyrin (FEP) accumulates.60 

As the deficiency progresses, the red blood cells (RBC) becomes smaller than normal, and the 

hemoglobin content decreases. Then the morphologic characteristics of RBC‘s are best determined by 

determination of mean corpuscular volume, (MCV), mean corpuscular hemoglobin (MCH). With increasing 

deficiency, the RBC‘s become deformed and misshapen and present characteristics microcytosis, hypochromia, 

poilokiocytosis, increased RBC distribution width (RDW).160, 161 

Although they do not always show a linear relationship to iron stores, ferritin levels are the single best 

serum measure of storage iron. Normal blood levels of serum ferritin are 30-300 ng/mL for males and 15-200 

ng/mL for female.
160, 162

 

In iron deficiency anemia, the value is less than 12 μg/L in the absence of a complicating disease. 

When an infectious or inflammatory disease like rheumatoid arthritis is also present, the serum ferritin level is 

usually higher, but it is generally less than 50 to 60 μg/L. Of all the serum tests for iron deficiency, the serum 
ferritin determination is the most useful, and a low serum ferritin invariably signifies iron deficiency.161, 162,163,164 

Bone marrow biopsy provides the most accurate of body iron stores but the procedure is a painful and difficult 

to do in all patients. Under steady state conditions, the serum ferritin level correlates with total body iron stores; 

thus, the serum ferritin is the most convenient laboratory test to estimate iron stores.85, 165,166,167,168 

As ferritin is also an acute-phase reactant, it is often elevated in the course of disease. A normal C-

reactive protein can be used to exclude elevated ferritin caused by acute phase reactions.  

 

Zinc and Brain: 

Zinc is an essential trace element, necessary for plants, animals, and microorganisms. Zinc is found in 

nearly 100 specific enzymes (other sources say 300), serves as structural ions in transcription actors and is 

stored and transferred in metallothioneins. It is "typically the second most abundant transition metal in 
organisms" after iron and it is the only metal which appears in all enzyme classes.  
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In proteins, Zn ions are often coordinated to the amino acid side chains of aspartic acid, glutamic acid, 

cysteine and histidine. The theoretical and computational description of this zinc binding in proteins (as well as 

that of other transition metals) is difficult.  
There are 2-4 grams of zinc distributed throughout the human body. Most zinc is in the brain, muscle, 

bones, kidney, and liver, with the highest concentrations in the prostate and parts of the eye. Semen is 

particularly rich in zinc, which is a key factor in prostate gland function and reproductive organ growth.  

In humans, zinc plays "ubiquitous biological roles". It interacts with "a wide range of 

organic ligands", and has roles in the metabolism of RNA and DNA, signal transduction, and gene expression. It 

also regulates apoptosis. A 2006 study estimated that about 10% of human proteins (2800) potentially bind zinc, 

in addition to hundreds which transport and traffic zinc; a similar in silico study in the plant Arabidopsis 

thaliana found 2367 zinc-related proteins. 

In the brain, zinc is stored in specific synaptic vesicles by Glutamatergic neurons and can "modulate 

brain excitability". It plays a key role in synaptic plasticity and so in learning. However it has been called "the 

brain's dark horse" since it also can be a neurotoxin, suggesting zinc homeostasis plays a critical role in normal 
functioning of the brain and central nervous system. 

Several theories, such as genetic basis, reduction of serum as well as cerebrospinal fluid (CSF) zinc and 

magnesium level and low Gamma‐ aminobutyric acid (GABA) have been proposed. Low CSF GABA values 

have been reported in association with several seizure disorders, including febrile convulsion. 

Zinc is known to play a control role in the immune system, and zinc‐ deficient persons experience increased 

susceptibility to a variety of pathogens. Zinc also functions as an antioxidant and can stabilize membranes.  

 Zinc is a micronutrient that is essential for the normal functioning of the central nervous system. It is 

needed for synthesis of gamma-amino butyric acid, an inhibitory neurotransmitter, and complements the 

inhibitory effects of calcium on the excitatory N-methyl-D-aspartate. When a patient develops low levels of 

zinc, the N-methyl-D-aspartate receptors become activated and induce an epileptic discharge in children with 
high fevers. 

 

Treatment Of Febrile Seizures 

Treatment of febrile seizures is a controversial subject. Two major rationales for the treatment have 

evolved, each of which leads to different approaches. The first approach is based on the old idea that febrile 

seizures are harmful, and may lead to development of epilepsy and is aimed at preventing febrile seizures, using 

either intermittent or chronic treatment with medications.169, 170 

The second approach is based on the epidemiologic data that febrile seizure is by and large benign. 

Therefore, the only concern is about prolonged febrile seizure. This singular concern leads to a therapeutic 

approach that does not treat brief febrile seizures.171, 172 

Preventing or absorbing prolonged febrile seizures to prevent status epilepticus with its attendant 

complications, however, remains a rational goal.172 

 

Terminating A Febrile Seizure 

In hospital management 

If seizure activity is ongoing when the child arrives at the emergency department, treatment to 

terminate the seizure is mandatory. Intravenous Lorazepam 0.1 mg/kg/dose/iv diazepam 0.3 mg/kg/dose is 

effective in most cases.173, 74  

Rectal diazepam or diazepam gel also is appropriate for use in pre-hospital setting, such as ambulance 

and in cases in which intravenous access is difficult. If the seizure activity continues after an adequate dose of a 

benzodiazepine, than a full status epilepticus treatment protocol should be used.173, 174  

 

Preventing A Febrile Seizures 

Intermittent Medication at Time of Fever 

Antipyretics 

Studies support that the risk of febrile seizure is directly related to the height of fever. Paracetamol at 

dose of 15 mg/kg/dose QID is effective as antipyretics.16, 17 

 

Benzo Diazepines 

Diazepam given orally or rectally at the time of onset of a febrile illness will reduce the probability of a 

febrile seizure. Although the effect is statistically significant, it is clinically modest. This modest reduction in 

seizure recurrence must be weighed against the side effects of sedating children every time they have a febrile 

illness. 
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Barbiturates 

Intermittent therapy with Phenobarbital at the onset of fever is ineffective in reducing the risk of 

recurrent febrile seizures. Nevertheless, it is fairly widely used for this purpose.172
 

 

Daily Medications 

Barbiturates 

Phenobarbital, give daily at doses that achieve a blood level of 15 μg/ml or higher, was effective in 

reducing the risk of recurrent febrile seizures in several well controlled trials.175,176 However, substantial 

proportion of the children demonstrated adverse effects, primarily hypersensitivity, that required discontinuation 

of epilepsy. Prolonged Phenobarbital therapy is rarely indicated because the risks seem to outweigh the benefits  

in most cases.171, 172 

Valproate 

Daily treatment with valproic acid also has been found to be effective in reducing the risk of recurrent 

febrile seizure. Fatal idiosyncratic hepatotoxicity limits the use in children.171, 172 

 

Preventing Epilepsy 

Antiepileptic drugs are effective in lowering the risk of a recurrent seizure, whether febrile or afebrile, 

but are ineffective in preventing the development of subsequent epilepsy, whether in the setting of febrile 

seizures or acute post-traumatic seizures.173 

 

Treatment 

The most important steps in the evaluation and treatment of iron deficiency are determining the cause 

and correcting the abnormality. Growth spurts, poor dietary pattern are much more common for iron deficiency. 

Oral iron supplementation usually replaces stores most efficiently. 

 

Oral supplementation 
Iron salts offer inexpensive, effective therapy for iron deficiency. Iron is frequently provided to 

children at a dose of 3 mg/kg/day, into 3 times a day dosing. Single dose daily regimens, however, are tolerated 

as well as TID regimens86 administration of iron as an empty stomach at night will lessen the GI difficulties. The 

decreased GI motility of sleep will also enhance absorption.  

The absorptive capacity of the normal duodenum for iron is essentially saturated with about 25 mg of 

elemental iron in ferric form.  

Ferric gluconate contains about 50 mg of elemental iron tablet. This form of replacement may produce 

fewer problems than ferrous SO4 and is excellent as the initial treatment of iron deficiency. Ascorbic acid 

supplementation enhances iron absorption, although it has a relatively minor effect in individuals ingesting 

normal, balanced diets.86 

Even with faithful use of oral iron, adequate replacement of iron stores in patients with moderate iron 
deficiency anemia requires several months with ongoing blood loss, replacement of stores with oral iron 

becomes very difficult. Polysaccharide/iron complexes differ from iron salts.  

Polar oxygen groups in the sugar form coordination complexes with iron atoms. The well-hydrated 

microspheres of polysaccharides iron remain in solution over a wide range of pH values. Most patients tolerate 

this form of iron better than iron salts. 

 

Reasons for poor response to oral iron: 

• Non-compliance 

• On-going blood loss 

• Insufficient duration of therapy 

• High gastric pH 
o Antacids 

o Histamine H2 blockers 

o Gastric proton pump inhibitors  

 Inhibitors of iron absorption/utilisation 

o Lead 

o Aluminium intoxication (hemo dialysis patient) 

o Chronic infection 

o Neoplasia 

 Incorrect diagnosis 
o Thalassemia trait 

o Sideroblastic anemia, anemia of chronic inflammation 
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Parental Iron Replacement 

• Iron dextran 

• Iron gluconate 

• Iron sucrose 

 

Indication 

• Oral iron is poorly tolerated 

• Rapid replacement of iron store is needed 

• GI iron absorption is compromised 

• EPO treatment is necessary, particularly in renal dialysis patient  
 

Intramuscular - Iron dextran is - painful and if leaked into subcutaneous tissue – leads to long standing 

skin discoloration. A ―Z track‖ injection into the muscle decreases the chances of subcutaneous leakage. The 

sub optimal muscle mass frequently with nutritional deficiency further complicates this mode of replacement.  

IV infusion circumvents these problems altogether. A test dose should be given before either IV or IM. 

Rarely fatal anaphylactic reactions can occur. The newer iron, sucrose, iron gluconate preparations are believed 

to be less likely to cause complication.  
 10-15% of patient experience transient mild to moderate arthralgia, the day after IM/IV administration 

of Iron dextran. 

Dose (ml) = .0442 x (Described tab – observed Hb) x lean body weight + (0.25 x lean Body weight) 

 

II. Review Of Literature 
Pisacane A et al 4 conducted a case control study in 1996, in 156 children less than 2 years, to know the 

relationship of iron deficiency and febrile seizure. Two groups were selected. A random group of children 
admitted to same ward with respiratory or gastrointestinal infection during that period and a group of healthy 

children randomly selected from the provincial birth register for an iron deficiency survey. He reported that 

fever can worsen the negative effects of anemia or of iron deficiency on brain and a seizure can occur as a 

consequence. 

Azhar`s Daoud et al 6 conducted a controlled study to investigate the relation of iron store and first 

febrile seizures by prospectively measuring hemoglobin (Hb%), mean corpuscular volume (MCV), mean 

corpuscular hemoglobin (MCH), and plasma ferritin (PF) in 75 children with first febrile seizure and comparing 

them with 75 controls matched for age and sex with febrile illness without convulsion in 2002. They found 

mean plasma ferritin level was significantly lower in children with first febrile seizure (29.5+_ 21.3 microg/L) 

than in controls (53.3+-37.6 microg/L) with p value 0.0001. The study gave conclusion that plasma ferritin level 

was significantly lower in children with first febrile seizure than in reference group, suggesting a possible role 

for iron insufficiency in first febrile seizure. 
Parade Auvichayapat et al 9 conducted a descriptive study in 430 thalassemic patients aged between 6 

months and 10 years at 2 hospitals in north eastern Thailand. 20 patients had siblings who had febrile seizure. 

The incidence was 1.1 per 1000 person years as compared to 2-5% or 4.8 per 1000 person year. This was 

statistically significant with p value of 0.002. Therefore, the rate in thalassemia patients was 4.4 times lower 

than that of general population. Thus, iron overload may have a major factor affects brain metabolism and 

thereby prevents febrile seizures. 

Naveed Ur Rehman; Billoo 
8 

A G conducted a case control study in 2005 at paediatrics department of 

the Aga Khan university hospital Karachi to find the association between iron deficiency anemia and febrile 

convulsions among 60 children dividing them into 2 groups with children having febrile seizure comprised as 

cases and while those with febrile illness without seizure comprised as controls. Both the groups had equal 

number of children and were matched for age and gender. In there study they found iron deficiency anemia was 
significantly more frequent among the cases as compared to controls with p value for Hb%<10g/dl (p=<0.000), 

hematocrit <30% (p=<0.01), MCV<70fl(p=<0.002),MCH<24pg (p-<0.001) and serum ferritin <10ng/ml 

(p=<0.0000). They gave conclusion in their study that plasma ferritin was significantly lower in cases as 

compared to controls suggesting that iron deficient children are more prone to febrile seizure and suggested for a 

follow up study of patient found to be iron deficiency at the time of a first febrile seizure to determine the 

incidence of subsequent febrile seizure after treatment for iron deficiency. 

Dawn S Hartfield Jonathan Tan et al 7 conducted case controlled study in 2009 to determine the 

association between iron deficiency and febrile seizure in childhood. They conducted a retrospective case 

control study with 361 patients aged 6 to 36 months who present with febrile seizure and 390 otherwise healthy 

controls who presented with a febrile illness to emergency department  were reviewed to determine the iron 

status using MCV, RDW and hemoglobin. The results showed that a total of 9 % of case had iron deficiency and 
6% of had iron deficiency anemia compared to 5% and 4% of controls respectively. The gave conclusion that 
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Children with febrile seizure were almost twice as likely to be iron deficient as those with febrile illness alone 

and they suggested to screen for iron deficiency with children presents with febrile seizure. 

Rajwanti K Vaswani, Praveen G D et al 5 conducted study among 100 children in 2009, dividing 
equally children between 6 months and 6 years with first febrile seizure as cases and febrile illness with out 

seizure as controls. Iron deficiency was determined by estimation of hemoglobin, red blood cell indices and 

serum ferritin. Iron deficiency anemia was defined as hemoglobin 11gm/dl,MCV<70fl, MCH<27pg and serum 

ferritin <12microgram/dL. In presence of fever a higher cutoff value of serum ferritin (25-50microgram/dL) was 

considered. Cases and controls were compared with respect to blood indices and serum ferritin level. The results 

of this study showed the proportion of children with low ferritin (<25microgram/L) was significantly higher in 

cases (34.68%) than in controls(15.30%) with value of <0.0001. the concluded that iron deficiency could be a 

potential risk factor for febrile seizure in children. 

Dr.R Ganesh Et al178 from Kanchi Kamacoti Childs trust hospital, India, evaluated zinc levels in 38 

previously healthy children between 3 months and 5 in age, who were admitted in the hospital with fever-related 

seizures. The investigators also evaluated 38 similar children, without febrile seizures. The average zinc levels 
were significantly lower in children with febrile seizures compared with the controls. Although their study 

population was small and has the limitation of being hospital, they concluded that the use of zinc supplements in 

reducing the rate of febrile seizures in children should be investigated. 

Burhanoglum, Ehsani et al180have reported that the serum zinc level in children with febrile seizure is 

lower than in control group and concluded that this trace element may have a role in febrile seizure. 

Mahyar et al
181

 did a case control study at IRAN comparing 52 children between 9 months and five 

years with first episode of febrile seizure with 52 healthy children in the same age group. The mean serum zinc 

levels in the patient group were 62.8mcg/dl and in the control group was 85.7mcg/dl. The difference was 

statistically significant indicating that hypozinconemia predisposes to febrile seizures. 

Fahimeh Ehsanipour, Mahshid Talibi Taher, Nahid Vahid Harandi182 from the Dept of Pediatrics, Iran 

university of Medical Sciences, Tehran IR Iran. Prospective analytical case control study was conducted in 

Rasoul-e-Akram teaching hospital from Jan 2003-Jan2005.The study included 92 children between 6 months to 
5 years of both sexes. 34 with febrile seizures (Group A), 18 with non febrile convulsions(Group B) and 40 with 

fever without convulsions(Group C).Serum Zn levels of all group A, B, C was estimated by atomic absorption 

spectrophotometry 

Serum Zn levels in 

 Group A – 76.82±24.36mg/L 

 Group B – 90.12±14.63mg/L 

 Group C – 94.53±17.39mg/L 

Serum Zn level of A was lower than other 2 group (p<0.006) 

 

Modarresi MR et al183 did a cross sectional study, 90 patients aged 9 months to 5 years Were studied in 

a period of 12 months. They were assigned to three groups. Thirty patients were included in the Febrile Seizure 
group, thirty febrile children without convulsion or previous history of convulsion were included in the febrile 

group and thirty afebrile healthy ones were enrolled as controls. Venous blood was obtained and Zn 

concentration in serum was measured using Graphite Furnance Atomic Absorbance Spectrophotometering. 

There findings showed that Zinc level was significantly lower in the febrile seizure group compared to two other 

groups. 

Mojtabaamiriet al
184

 studied serum selenium , zinc and copper levels in children with febrile 

convulsion and healthy children . The mean serum zinc levels were 66.9mcg/dl and 107mcg/dl among cases and 

controls respectively. the serum selenium were 44.9mcg/dl and 62.8mcg/dl among cases and controls 

respectively. There were no differences in copper levels of the two groups. This study showed that both 

decreased serum zinc and selenium levels play a role in febrile convulsion 

 

III. Methodology 
Aim: To assess serum Iron and Zinc status in febrile seizures. 

 

Objectives of Study:  

1. To determine the hemoglobin, hematocrit, serum ferritin, peripheral smear, serum iron and serum zinc level in 

children with febrile seizure.  

2. To compare hemoglobin, hematocrit, serum ferritin, peripheral smear, serum iron and serum zinc levels in 

febrile seizure and children without seizures as control group. 
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Inclusion Criteria: 

Children between age group of 6months-6 years with fever and seizures fitting into the following criteria: 

1. Generalized tonic clonic type 
2. Duration of 10-15min 

3. Core temperature of 39 degrees centigrade 

4. Brief period of post ictal drowsiness 

5. One episode in 24 hours 

6. no neurological deficits  

7. cause of fever outside the central nervous system  

8. First seizure or subsequent seizure. 

 

Exclusion Criteria: 

1. Previous history of established non febrile seizures. 

2. Previous history of developmental delay and neurological deficits. 
3. Central nervous system infections (meningitis, encephalitis), electrolyte imbalance, hereditary metabolic 

disorders, and also neurological and structural brain problems. 

4. Seizures lasting for more than 20 minutes. 

5. Focal seizures. 

 

Study Design:  

Prospective, Analytical, Case – Control study. The study is planned as a case control study. 

 

Source of Data 
The proposed study was a hospital based case control study consisting of Infants and children aged 

between 6 months to 5 years. They were evaluated at Department of Pediatrics, JUSTICE K.S.HEGDE 

CHARITABLE HOSPITAL, Mangalore during the term between October 2011 to October 2012. 

 

Method of Collection of Data 

Sample size: 100 cases meeting the criteria are included for the present study and are randomized 

equally into two groups: 50 cases and 50 controls. 

Sampling Method: Simple Convenient sampling. 

Selection of control: The control group included the age and weight matched children suffering from a febrile 

illness without seizures, such as urinary tract infection, gastroenteritis and respiratory tract infection, coming to 

KS hedge charitable hospital. 

Simple convenient sampling was done based on inclusion and exclusion criteria. Cases and controls 

were matched for age and weight .The sample size included 50 cases and 50 controls, who came to K S hedge 

charitable hospital (both outpatient and inpatient) .The group 1, had of children with febrile seizure and the 
group 2 had children with febrile illness without seizure.  

Demographic data, seizure details, nature of febrile illness, complete developmental history, family 

history of epilepsy /febrile seizures, temperature at admission, general examination, Systemic examination and 

nutritional status will be recorded( IAP weight for age classification was used to grade protein energy 

malnutrition) including the final diagnosis were recorded.  

Estimation of hemoglobin and hematocrit were done by auto analyzers. 

Serum ferritin levels were measured using a Ferritin quantitative enzyme immunoassay test kit, which 

is based on a solid phase enzyme linked immunosorbent assay. The assay system utilizes one ferritin antibody 

for solid phase (microliter wells) immobilization and another mouse monoclonal anti-ferritin antibody in the 

antibody enzyme (horseradish peroxidase) conjugate solution. The test sample is allowed to react 

simultaneously with the antibodies, resulting in ferritin molecules being sandwiched between the solid phase 

and enzyme linked antibodies. After 60 min incubation at room temperature, the wells are washed with water to 
remove unbound labeled antibodies. A solution of TMB is added and incubated for 20 min, resulting in the 

development of a blue color. The color development is stopped with the addition of 2N HCL, and the color is 

changed to yellow and measured spectrophotometrically. At 450nm, the concentration of ferritin is directly 

proportion to the color intensity of the test sample.  

Serum iron levels were estimated using Bathophenanthroline method, principle being Iron in the serum 

is present as Fe+++ bound to transferring. In the assay, the proteins are precipitated and consequently the iron 

(Fe3+) bound to ferritin is released by mild acid treatment. The iron thus released is reduced to (Fe2+) by 

reducing agents. (Fe2+) in turn reacts with Bathophenanthroline to form pink color complex whose intensity can 

be measured at 535 nm. Peripheral smears were analyzed under light microscopy.  
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Serum Zinc was measured by Calorimetric method, which is based on the principle that Zinc in 

alkaline medium reacts with nitro-PAPS to form a purple coloured complex. Intensity of the complex formed is 

directly proportional to the amount of Zinc present in the sample.  
Anemia was be defined as, when one of the following is present: Hb<11g/dl based on WHO criteria for 

age, HCT level <33% based on WHO criteria for age, serum iron concentration of < 22 μg/dl, Serum ferritin 

less than 12 microgram/dl and Peripheral smear showing Microcytic hypochromic anemia. Since serum ferritin 

is acute phase reactant and its level is increased in any inflammatory conditions, in presence of fever a higher 

cut-off value of serum ferritin (30 microgram/dl) will be taken. Zinc level 70-120 μg/dL will be considered as a 

normal range, and anything below 70μg/dL will be considered as hypozinconemia. 

Statistical method used: 

Percentages, the arithmetic mean, the standard deviation, Chi-square test were employed using SPSS for 

Windows software (version 16.0). P-value <0.05 was considered statistically significant. The frequencies 

procedure was used for graphical displays that were useful for describing many types of variables. The cross 

tabs procedure was used to measure the association for two-way tables. The Independent samples‗t‘ test 
procedure was used to compare two groups of children. 

 

IV. Results And Discussion: 

The following results were made from the study. The study group consisted of 50 cases and 50 

controls. The study results were analyzed using appropriate statistical methods and compared with the previous 

studies. 

1. Gender Distribution among Cases and Controls 

 

Table 1: Gender distribution of the cases and Controls 

 

 

Mean 

Cases 

n(%) 

Controls 

n(%) 

Males 39(78) 31(62) 

Females 11(22) 19(38) 

 

In the present study, 78% of the cases were Males and 11% were females. Among the 50 controls, 31 % were 

males and 19 % of them were females. 

 

Figure 5: Gender distribution of the cases and controls 
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2. Type of Seizures among Cases: 

Figure 6: Type of seizures among cases: 

 
 

In the present study, 88% of the 50 cases had GTCS type of seizures and 12% had tonic type of seizures. 

 

3. Episode of seizure 

Figure 7: Episode of seizure among cases: 

 
Among 50 cases 80% of the cases presented with history of first episode of simple febrile seizures and the rest 

i.e. 20% presented with history of multiple episodes of febrile seizures in the past.  

 

4. Family history of febrile seizures among cases 

Figure 8: Family history of febrile seizures 

 
In the present study, 20% of the 50 cases presented with history of febrile seizures in the family. 
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5. Socio economic status among cases and controls  

Figure 9: Socioeconomic status among cases and controls 

 
Among the 50 cases, 43 of them belonged to middle class and 7 belonged to lower class. All the 50 controls 
belonged to the middle class based on modified Kuppuswamy classification. 

 

6. Mean temperature in cases and controls 

Table 2: Mean temperature in cases and controls 

 

Mean ±SD   

Cases  

n=50 

Controls  

n=50 P value 

Temperature in Fahrenheit  100.67±0.63 100.24±0.84 0.088 

 

Figure 10: Mean temperature in cases and controls 

 
Mean temperature among cases was 100.67±0.63 degree Fahrenheit and among controls was 100.24±0.84 

degree Fahrenheit.  

 

7. Age and weight distribution  
Table 3: Age and weight distribution among cases and controls 

 

Mean ±SD   

Cases  

n=50 

Controls  

n=50 P value 

Age in months 22.14±13.2 21±14.08 0.58 

Weight in Kgs 10.13±2.4 9.94±2.5 0.58 
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Figure 11: Age and weight distribution among cases and controls 

 
In the present study, cases and controls were age and weight matched. Mean age among cases was 

22.14±13.2 months and 21±14.08 months among controls. Mean weight among cases was 10.13±2.4 kgs and 

9.94±2.4 kgs among controls. 

 

8. Grades of Protein energy malnutrition Based in IAP classification  

Figure 12: Grades of Protein energy malnutrition among cases and controls 

 
Among 50 cases, 88% of them had no malnutrition, 5% of them had grade1 malnutrition and remaining 

6% had grade 2 malnutrition. Out of 50 controls, 88% of them had no malnutrition, 8% had grade 1 malnutrition 

and remaining 2% had grade 2 malnutrition.    

 

9. Diagnosis among cases and controls  

Table 4: Mean of different diagnosis among cases and controls 

 

Mean 

Cases n(%) Controls n(%) 

URTI 22 (44) 26 (52) 

LRTI 9(18) 5(10) 

Acute Gastroenteritis 12(24) 5(10) 

Malaria 1(2) 4(8) 

Viral Fever 6(12) 10(20) 

Total 50(100) 50(100) 
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Figure 13: Mean of different diagnosis among cases and controls 

 
Of the 50 cases in the present study 44% had URTI, 18% had LRTI, 24% had Acute Gastroenteritis, 2% had 

Malaria and 12 % had viral fever respectively. Among the controls 52% had URTI, 10% had LRTI, 10% had 

Acute Gastroenteritis, 8% had Malaria and 20 % had viral fever respectively 

 

10. Peripheral smear in Cases and controls 

Table 5: P smears among cases and controls. 

 

 

Mean 

P Value Cases n(%) Controls n(%) 

Normal P Smear 29(58) 43(86) 

0.001 Abnormal P Smear * 21(42) 7(14) 

Total 50(100) 50(100) 

  

Figure 14: Peripheral smears in cases and controls 

 
 

In the present study of the 50 cases, 58% of them had normal peripheral smear and the rest 42% had 

abnormal smear, compared to 86% of the 50 controls having normal peripheral smears and 14% abnormal 

peripheral smears. Chi square test value was 9.72, with a p value of 0.001, which was statistically significant. 
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11. Haemoglobin levels among cases and controls  

Table 6: Mean Haemoglobin levels among cases and controls 

 

Mean ± SD 
P value 

95% Confidence Interval of the 

Difference 

Cases Controls 
Lower Upper 

n=50 n=50 

hemoglobin in 

mg/dl 
10.67±1 11.11±0.7 0.6 -0.79973 -0.07227 

 

Figure 15: Mean Haemoglobin levels among cases and controls 

 
In the present study, mean Haemoglobin level among cases was 10.67±1 mg/dl and 11.11±0.7 mg/dl among 

controls with a p value of 0.6. 

 

12. Packed cell volume among cases and controls  

Table 7: Mean Packed cell volume among cases and controls 

 

Mean ± SD 

P value 

95% Confidence Interval of 

the Difference 

Cases 

N=50 

Controls 

N=50 
Lower Upper 

Packed Cell volume 31.6±2.7 32.05±1.7 0.108 -1.28781 0.52381 

 

Figure 16: Mean Packed cell volume among cases and controls 
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In the present study, mean PCV level among cases was 31.6±2.7% and 32.05±1.7 % among controls 

with a p value of 0.5 

 

13. Iron levels among cases and controls 

Table 8: Mean Iron levels among cases and controls 

 

Mean ± SD 
P value 

95% Confidence Interval of the 

Difference 

Cases n=50 Controls n=50 Lower Upper 

Iron in μg/dl 90.12±23.64 143.54±21.85 0.868 -62.4585 -44.3854 

 

Figure 17: Mean Iron levels among cases and controls

 
 

In the present study, mean Iron levels were 90.12±23.64 μg/dl among the cases and 143.54±21.85 μg/dl 

among the controls with a p value of 0.868. 

 

14. Ferritin levels among Cases and Controls 

Table 9: Mean ferritin levels among cases and controls 

 

Mean ± SD 
P value 

95% Confidence Interval of the 

Difference 

Lower Upper 
Cases Controls 

Ferritin in μg/dl 13.371±3.2480 10.917±2.875 0.868 11.86888 37.211 

 

Figure 18: Mean ferritin levels among cases and controls 
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In the present study, mean Ferritin levels were 13.371±3.2480 μg/dl among the cases and 10.917±2.875 

μg/dl among the controls, with a p value of 0.868. 

 

15. Zinc levels among cases and controls 

Table 10: Mean Zinc levels among cases and controls 

 

Mean ± SD 
 P value 

95% Confidence Interval of the Difference 

Cases Controls Lower Upper 

Zinc in μg/dl 132.04±14.7 155.09±17.57 0.264 -29.486786 -16.622378 

 

Figure 19: Mean Zinc levels among cases and controls 

 
In the present study, mean Zinc levels were 132.04±14.7 μg/dl among the cases and 155.09±17.57 μg/dl among 

the controls, with a p value of 0.264. 

 

V. Discussion 

Convulsions or seizures are one of the important pediatric health problems in developing and 
developed countries. 

Febrile seizures are the most common seizure disorder in childhood, affecting 2% to 5% of children 

between the ages of 6 and 60 months. It is generally believed that an FS is an age-dependent response of the 

immature brain to fever. This postulation is supported by the fact that most (80-85%) febrile seizures occur 

between 6 months and 3 years of age, with the peak incidence at 18 months.6, 7, 8 Although the mechanism of this 

increased susceptibility is unclear, animal models suggest that there is enhanced neuronal excitability during the 

normal brain maturation.17 The iron deficiency and zinc deficiency is identified as one of the risk factors for 

febrile seizure. The objective of the study is to determine iron deficiency and hypozinconemia as a risk factor 

for febrile seizure. One-hundred cases meeting the criteria were included for the present study and are 

randomized equally into two groups: 50 cases and 50 controls which were age and weight matched. 

 Both cases and controls were evaluated with following parameters. Hemoglobin, hematocrit, peripheral 

smear, serum ferritin, Serum Iron and Serum Zinc were measured and compared using statistical methods. 

 

Age Distribution 

 In the present study, Mean age among cases was 22.14 months and among controls was 21 months. 

 In the study done by Hartfield et al., 25 reported maximum cases were in the age group less than 24 

months and mean age was 17.9 months. In the study done by Leela Kumara et al., the found the 55.8% of cases 

and 56.5% of controls were in the age group less than 17 months. Alberto Romero Guzman et al., in there study 

found 55% prevalence among 6 months to 24 months. 

 

Table 11: Comparison of age distribution with other studies 
Sl no Study Mean age in months 

1 Alfredo Piscane et al 15 

2 Vasvani RK et al 18 

3 Waruiru C et al 18 

4 Azhar S Daoud et al 18 

5 Naveed-ur-Rehmann et al 22.97 

6 Nelson and Ellenberg 22.97 

Zinc in μg/dl
132.04

155.09

Mean Zinc Levels among Cases and 
Controls

Controls Cases
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7 Amir Salari et al 39 

8 Present study 22.14 

 

Sex distribution of cases 
 In the present study there was male preponderance. Out of 50 cases 39 (78 %) were male and 11 (22%) 

were female. Male to female ratio was 2.3:1. Regardless of the era of the study or particulars of the design; boys 

have consistently emerged with higher frequency of febrile seizures. Incidence ratios of boys: girls have ranged 

from 1.1:1 to 2:1 (Nelson and Ellenberg; Hauser; Forsgren et al.) However present study finding are in contrast 

to another set of large studies by Yerushalmy et al, 1969; Verity et al, 1985 who found no sex difference. Amir 

Salari also found no gender difference between cases and controls. NCPP study showed male predilection only 

among black population (Nelson and Ellenberg). Whether there is a biological basis for the gender-specific 

differences in febrile seizure susceptibility, or whether boys just contract more fevers and therefore are at greater 

risk, is currently not established. 

 

Table 12: Comparison of sex distribution with other studies 
Studies Gender Percentage % 

Present study Male 78 

Leelakumari et al.
31

 (2011) Male 50.65 

Hartfield et al.
24

 (2009) Male 57.35 

Azhar S. Daoud et al.
21 

(2002) Male 53.33 

Alberto Romero Guzman et al.
177 

(2005) Male 62.5 

 

Family history 

Family history is important while evaluating epilepsy patients because many epileptic syndromes have 

a familial predisposition and some may possibly have an autosomal dominant pattern of inheritance.48In the 

present study, 10 (20%) cases had family history of febrile seizure. 

 

Table 13: Comparison of family history with other studies 
Studies No. Percentage ( % ) 

Present Study 10 20 

Azhar S Daoud et al.
21

 (2002) 9 18 

Alberto Romero Guzman et al.
177 

(2005) 4 10 

Leelakumari et al.
31

 (2011) 40 26 

 

Socioeconomic status 

India being a developing country has largest number of people living under poor socioeconomic class. 

In present study, 43 of them belonged to middle class and 7 belonged to lower class. All the 50 controls 

belonged to the middle class based on modified Kuppuswamy classification. 

 

Fever Etiology 

Upper respiratory tract infection is the commonest trigger of febrile seizure in present group of children 

and no statistical difference could be made out with the control group, as per different etiology. This is in 

keeping with Nelson and Ellenberg (1978), Millichap et al(2006) and Kyong KL et al. Chevrie and Aicardi et al 

(1975) reported URTI in 72% of the cases and Azhar S Daoud et al from Jordan, reported URTI as the 

commonest triggering factor, diagnosed in 53% of cases, which is comparable to present study. However the 

etiology of febrile convulsion varies from country to country due to different infection profile. Farwell et al had 
shown that up to one-third of the cases of febrile convulsion the cause of fever is unknown. 

 

Comparison of Hemoglobin with various other studies  

The definition of anaemia varies by sex and age. The most commonly used definitions of anaemia 

come from the Centres for Disease Control and Prevention (CDC) and the World Health Organization 

(WHO).Among the various causes of anaemia resulting from lack of sufficient iron for synthesis of 

haemoglobin is the most common hematologic disease of infancy and childhood. It is estimated that 30% of the 

global population suffers from iron-deficiency anaemia; most of those affected live in developing countries. The 

incidence of iron deficiency anaemia among children 6 months to 59 months in India is 79%. This includes 26% 

who are mild anaemic, 40% who are moderately anaemic and 3% suffer from severe anaemia (NFHS 3 

conducted in 2006-06). In the present study, mean hemoglobin among cases was 10.17mg/dl and among 
controls were 11.11, which is low for the age according to WHO standards. 
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Table 14: Comparison of Hemoglobin with various other studies 
Study Hb (gm %) 

Kobrinsky et al < 11 

Pisacane et al 10.5 

Daoud et al <11 

Naveed-ur et al <10 

Vasvani et al 9.4 

Khalid N et al 8.2-9.6 

Present study 10.67±1 

 

Comparison of Serum iron with other studies: 

The serum iron concentration represents equilibrium between the iron entering and leaving the 

circulation. It reflects the balance between several factors, including iron absorbed, iron used for hemoglobin 

synthesis, iron released by red cell destruction and the size of iron stores. As a measure of iron deficiency, 

serum iron estimation can have some limitations because iron has a wide range of normal values that can vary 
significantly with age, sex, laboratory methodology there can be marked circadian changes (as much as 100 

μg/dl during the day) in iron level. In present study, there was variation of the iron level with FS and FI group 

i.e., mean iron levels were 90.12 mcg/dl and 143mcg/dl in cases and controls respectively. Fever, was present in 

all patients in the both groups. Even though Iron levels are comparatively lower in FS group, the differences in 

iron level between the two groups cannot be explained by fever per se. Pisacane et al studied the serum iron 

level only, between 6- 24 months of age , where the level was low in febrile children. Bidabadi et al reported 

that the serum Iron level in febrile seizure was higher at a statistically insignificant level. 

 

Comparison of Serum ferritin with other studies 

Serum ferritin is an indicator of body stores of iron. Serum ferritin is reliable indicator which can be 

used to determine body stores of iron can be repeated whenever required. A serum ferritin level below 30 μg/dl 

is indicator of iron deficiency status. In the present study mean serum ferritin levels were 13.37 μg/dl and 
10.917 μg/dl, in cases and controls respectively. Under steady state conditions, the serum ferritin level correlates 

with total body iron stores; thus, the serum ferritin is the most convenient laboratory test to estimate iron stores.  

 

Table 15: Comparison of Serum ferritin with other studies
 

Study PF μg/dl 

Kobrinsky et al <20 

Pisacane et al <5 

Daoud et al <30 

Naveed-ur et al <10 

Vasvani et al 31.9 

Azhar S Daoud et al 29.5 ±21.3  

Rajwanti K Vaswani et al <25 

Present study 13.371±3.2480 

 

Serum Zinc: 

Zinc is a fundamental component of body enzymes that modulates CNS activities. CSF 

hypozinconemia activates N Methyl‐ D‐aspartate receptors or disinhibits GABAergic action, thus resulting in 
febrile convulsion. In our study a low serum zinc level was found in patients with febrile convulsion as 

compared to the controls i.e.Mean Zinc levels were 132.04 and 155.09 mcg/dl among cases and controls 

respectively. Similar findings were noted by others. Papierkowski et al found that the mean serum concentration 

of magnesium and zinc were significantly lower in the children with febrile convulsion. In another study by 

Tutuncuoglu s et al, researchers have shown that children with febrile convulsion had significantly higher 

plasma IL.1 beta and prostaglandin levels and lower serum zinc levels during the acute phase. They concluded 

that these changes may be responsible for the pathogenesis of febrile convulsion. In the present study mean zinc 

levels were comparatively lower in FS group compared to FI group, but however it was statistically 

insignificant.  

 

VI. Conclusion 

The association between Iron and Zinc deficiency in febrile seizures has been studied before without 

any conclusive reports and this study was done for further confirmation.  

1. 78% of the children in FS group were Males and 11% were females.  

2. Male to female ratio was 2.3:1.  

3. Mean age of the cases who presented with febrile seizures in the present study was 22.14 months. 

4. Family history is important while evaluating epilepsy patients, 20% of the 50 cases had family history of 

febrile seizures in the present study. 
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5. Upper respiratory tract infection is the commonest trigger of febrile seizure in present group of children. 

6. Mean hemoglobin and PCV among the children who presented with febrile seizures were 10.17mg/dl and 

31.6 ±2.7% respectively, which are low for the age according to WHO standards. 
7. 58% of the 50 cases had normal peripheral smear and the rest 42% had abnormal smear, compared to 86% 

of the 50 controls had normal peripheral smears and 14% abnormal peripheral smears, with a p value of 

0.001, which was statistically significant. Indicating anemia being more prevalent among children in FS 

group. 

8. In present study, there was variation of the iron level with FS and FI group i.e., mean iron levels were 90.12 

mcg/dl and 143mcg/dl in cases and controls respectively, which is within normal limits. But however 

Serum iron estimation can have some limitations because iron has a wide range of normal values that can 

vary significantly with age, sex, laboratory methodology and there can be marked circadian changes in iron 

level, therefore the above said values cannot be taken conclusive, but however the mean iron levels was low 

in FS group compared to children with FI alone. 

9. A serum ferritin level below 30 μg/dl is indicator of iron deficiency status in the presence of infection. In 
the present study mean serum ferritin levels among children in FS group were 13.37 μg/dl, which is below 

the normal limits. 

10. In the present study, even though mean zinc levels being normal for the age, they were comparatively lower 

in FS group compared to FI group, but however it was statistically insignificant. 

 

A follow up study of patients found to be iron and zinc deficient at the time of first febrile seizure to 

determine the incidence of subsequent febrile seizures after treatment for iron and zinc deficiency would be of 

great interest. 
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