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Abstract  Review Article 
 

Attention Deficit Hyperactivity Disorder (ADHD) is a common neuro-psychiatric disorder. Its symptomatology 

includes inattention, easy distractibility, hyperactivity, and impulsivity. Ideal approach to ADHD management 

comprises a combination of pharmacological and behavioral interventions. Pharmacological interventions include use 

of Stimulants like methylphenidate (MPH), dextroamphetamine or Nonstimulants. Pemoline, Atomoxetine, Clonidine, 

Guanfacine, Modafinil are other pharmacological agents used in ADHD. Newer drugs include Reboxetine and 

Venlafaxine. Theophylline and antidepressants like tricyclic antidepressants, desipramine and imipramine are also 

being tried. Apart from medications, there are many Non-Pharmacological methods which include Behavioural 

Therapy, Psycho-education, Exercise and Diet therapy. Behavioural interventions consist of techniques like 

Environmental modification, Parent training intervention, Cognitive Behaviour therapy and Cognitive training. 

Psycho-education includes Education of parents and family members about ADHD, Group education and direct 

clinical consultation.  Diet management, Exercise, Omega fatty acid and nutritional supplements or Neurofeedback are 

being tried in the management of ADHD.  External Trigeminal Nerve Stimulation (ETNS) is a new medical device to 

treat children with ADHD. ETNS generates low-level electrical stimulation and sends signals to areas of the brain 

related to attention, emotion and behaviour. The New Forest Parenting Package (NFPP) is a type of psychosocial 

intervention in the management of ADHD among children. It combines behavioural intervention with parent- child 

interaction. Alternative therapy in management of ADHD includes Electroencephalography, Biofeedback Training, 

Megavitamin Therapy, Herbal Treatments, Body and Craniosacral Manipulation, Sensory Integrative Training and 

Specific Supplements. Overall the use of integrative treatment model rather a single treatment modality is 

recommended for management of ADHD. 
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INTRODUCTION 
Attention Deficit Hyperactivity Disorder 

(ADHD) is now a common neuro-psychiatric disorder. 

It has an early childhood onset. Broadly speaking 

ADHD constitutes of 4 major symptomology - 

inattention, easy distractibility, too much activity, and 

impulsivity. The Diagnostic and Statistical Manual of 

Mental Disorders (DSM) IV has classified 3 subtypes in 

ADHD namely predominantly inattentive type, 

predominantly hyperactive-impulsive type and 

combined type [1].  However International Statistical 

Classification of Diseases and Related Health 

Conditions (ICD) 10 state that presence of both 

inattention & hyperactivity – impulsivity are mandatory 

to make a diagnosis of ADHD. 

 

 

Management 

Various studies over a period of nearly 20 

years along with clinical experience have shown that 

ideal approach to ADHD management comprises a 

combination of pharmacological and behavioral 

interventions. Pharmacological interventions include 

use of Stimulants or Nonstimulants. Behavioral 

interventions consists of various techniques like 

Environmental modification, Parent training 

intervention, Cognitive Behavior therapy and Cognitive 

training. Apart from these pharmacological and 

behavioral interventions, sometimes Diet management, 

Exercise, Omega fatty acid and nutritional supplements 

or Neurofeedback are being tried in the management of 

ADHD with various grades of success. 

 

Pediatrics 
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Pharmacological Intervention 

Studies have shown that among the 

medications used in ADHD management, agents that 

act on dopamine and / or norepinephrine receptors are 

very effective. There are primarily 2 groups of drugs 

namely Stimulants and Nonstimulants. Among these 

Stimulants are the mainstays of treatment [2]. 

Stimulants with oral preparations like methylphenidate 

(MPH), dextroamphetamine, and the combination of 

amphetamine (AMP) and dextroamphetamine, are 

considered the first-line treatment for ADHD. These 

drugs act on both dopamine transporter (DAT) and the 

norepinephrine transporter (NET). They cause pre-

synaptic inhibition of reuptake of catecholamines 

through stimulation of inhibitory auto-receptors and 

thereby cause alteration in the functional activity levels 

of catecholamines.  

Amphetamine group of drugs include 

dextroamphetamine, dextroamphetamine-amphetamine 

and lisdexamfetamine. Methylphenidates include 

methylphenidate and dexmethylphenidate. The 

Stimulant group of drugs for ADHD management are 

available in short-acting and long-acting forms. A long-

acting patch of methylphenidate (Daytrana) is available 

that can be worn on the hip. Advantage of the delayed 

delivery systems is that they decrease the abuse 

potential of the stimulant agents. 

 

Pharmacological Classification of ADHD Drugs: 

Drugs used in the management of ADHD can 

be classified based on the neurotransmitter that they 

target and based on the primary mechanism of action. 

 

 
 

Methylphenidate 

MPH is an approved stimulant drug used in the 

management of ADHD [3]. Mechanism of action of 

MPH is by inhibition of reuptake and facilitation of 

release of norepinephrine and dopamine. Ultimately 

there is increase in norepinephrine and dopamine levels 

[4]. The predominant site of action is the dorsolateral 

prefrontal cortex. It improves attention, concentration, 

executive function and maintains wakefulness in 

children with ADHD. It increases dopamine action in 

basal ganglia. This leads to symptomatic improvement 

of hyperactivity, which is a part of ADHD. 

 

There are various preparations of MPH like 

Immediate Release MPH, MPH - Extended Release, 

MPH-Extended Release Capsules, MPH - Osmotic 

Release Oral System, MPH - Modified Release, D-

Threo-MPH- D –MPH and MPH Transdermal Patch. 

Immediate release MPH has a short half-life of around 2 

to 3 hours [5]. It is useful for acute symptomatic relief 

of ADHD symptoms. However MPH extended release 

formulation has a half-life of around 12 hours [6].  It 

provides lasting effect which is approximately equal to 

twice- or thrice-daily dosing of plain MPH. MPH-

Extended Release Capsules uses the spheroidal oral 

drug absorption system. This specific absorption system 

has a bimodal release profile. Around 50% of MPH is 

released initially and rest of the 50% after 3-5 hours. 

Thereby symptomatic relief is provided for around 8 

hours [7].  

 

MPH - Osmotic Release Oral System uses an 

osmotic pump process for drug delivery over a 12 hour 

period [8].  Being a gradual release mechanism there is 

less chance of adverse reactions or tachyphylaxis. MPH 

- Modified Release is made up of two types of coated 

beads consisting of MPH-IR and MPH-ER in a 30:70 

ratio [2]. D-Threo-MPH- D –MPH has an equal mixture 

of D and L-threo MPH. Since it avoids the erythro form 

of MPH, cardiovascular side effects are minimal [9]. 
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MPH Transdermal Patch has the advantage of easy drug 

delivery in a regular manner throughout the day [10].  

There are various patches available in different sizes 

like 6.25cm2 (0.45 mg/hour), 12.5cm2 (0.9mg/hour) 

and 25cm2 (1.8mg/hour) [11]. 

 

Amphetamine 

Amphetamine (AMP) is a commonly used 

drug in the management of ADHD. Nowadays 

combination of both immediate and extended release 

preparations of Mixed Amphetamine Salts (MAS) are 

being studied. These preparations have equal 

proportions of D-amphetamine saccharate, D,l-

amphetamine asparate, D-amphetamine sulfate and D, l-

amphetamine sulfate. Since the 2 isomers have different 

properties, it is beneficial as some children have a 

tendency to respond better to one isomer than the other 

[6]. 

 

MAS - Extended Release have a 50:50 ratio of 

immediate release and delayed release beads [12]. The 

immediate release beads release MAS immediately 

whereas delayed release beads release it 4 to 6 hours 

after the dosing. Thereby there is acute symptom relief 

as well as long standing benefit from such preparations. 

Lisdexamphetamine dimesylate is an Amphetamine 

prodrug. It is inactive in this form. It gets metabolised 

to the active form dextroamphetamine due to the action 

of a peptidase enzyme. Hence this prodrug has the 

ability to provide a longer duration of effect that lasts 

over a whole day [3]. Another advanatage is that the 

prodrug attenuates the onset and intensity of AMP like 

effects. It is less reinforcing and has lower abuse 

potential. 

 

Pemoline 

Pemoline is a central nervous system stimulant 

drug [13]. It has been used in ADHD. It has a structure 

which is different from MPH and AMP. Mechanism of 

action of Pemoline is by increasing central 

dopaminergic transmission and thereby relieving 

symptoms of ADHD.  

 

Atomoxetine 

Atomoxetine is the only non-stimulant 

medication approved by the FDA for the treatment of 

ADHD in children [14]. Mechanism of action of 

Atomoxetine is through inhibition of the presynaptic 

norepinephrine transporter. It improves ADHD 

symptoms by improving efficiency in the 

norepinephrine system. 

 

Clonidine and Guanfacine 

Alpha-adrenergic agonists are group of drugs 

which are being used as an alternative in children who 

don’t respond to stimulant drugs [15].  Clonidine and 

Guanfacine are Alpha-adrenergic agonists currently 

being used in the management of ADHD. It has been 

proven that guanfacine extended release can be 

administered with MPH or amphetamine safely and that 

it results in good clinical results [16]. Α-Adrenergic 

agonists and stimulants have different neurotransmitter 

systems and combination of these 2 drugs has a 

complementary mechanism. Both act together and 

modulate prefrontal cortex function. Guanfacine affects 

norepinephrine discharge rates in the locus ceruleus, 

and this indirectly affects dopamine firing rates. 

 

Bupropion 

Bupropion has been used in certain cases of 

ADHD [17]. Among adolescents, it has been found to 

be particularly useful in managing symptoms of ADHD 

coupled with nicotine dependence because of its 

primary effect on smoking cessation. 

 

Modafinil 

Modafinil is a new stimulant drug which is 

distinct from AMP [18]. It has been FDA approved for 

the treatment of narcolepsy. Mechanism of action of 

Modafinil is by activation of specific hypothalamic 

regions. It is being studied in the management of 

ADHD.  It is a wake promoting agent. It selectively 

activates the cortex without generalized effects on the 

central nervous system. 

 

Other Drugs with Anecdotal Evidence 

There are various studies nowadays regarding 

the newer drugs in management of ADHD among 

children. Reboxetine [19] and Venlafaxine [20] are 

selective norepinephrine reuptake inhibitors, which 

have been found beneficial in the management of 

ADHD. Selegiline is an irreversible type B monoamine 

oxidase inhibitor that is metabolised into amphetamine 

and methamphetamine [21]. Recently medications used 

in Alzheimer's disease have been tried to enhance 

cognition in children with ADHD. Theophylline is a 

popular bronchodilator. Its mechanism of action is 

adenosine receptor antagonism which may have an 

effect on central dopaminergic and noradrenergic 

neurotransmission. This probably helps in ADHD [22].  

 

Studies have shown positive results with 

agents like polyunsaturated fatty acids, acetyl-L-

carnitine and iron supplements [23]. MPH and AMP 

have cognition enhancing effects by indirect stimulation 

of αlpha-2 adrenoceptors and D-1 dopamine receptors 

in the Pre Frontal Cortex. Second-line agents for similar 

effects include antidepressants like tricyclic 

antidepressants, desipramine, imipramine and 

venlafaxine [24].  

 

Non-pharmacological Therapies for ADHD 

Apart from medications, there are many Non-

Pharmacological methods in the management of 

ADHD. These include Behavioral Therapy, Psycho-

education, Exercise and Diet therapy [25]. Behavioural 

therapy includes Cognitive Behavioural therapy 

directed towards parents, Parent-led and Classroom-led 

Behavioural intervantions and Neurofeedback. Psycho-

education includes Education of parents and family 
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members about ADHD, Group education [26] and 

direct clinical consultation. Parent Training for 

management is universally applicable for all school age 

and preschool children [27]. Classroom interventions 

can be beneficial in school age children [28]. Social 

skills training and cognitive behavioural therapy are 

useful for adolescents with ADHD [29].  

 

Interventional Modalities for ADHD 

The 2 major intervention modalities in the 

management of ADHD in children include Behavioural 

Intervention and Educational Intervention. These 

interventions improve self-observation skills and coping 

skills, which are compromised by their ADHD. 

 

Behavioural Intervention 

Behavioural Intervention has been tried as a 

primary modality of ADHD treatment for children 

between 4-6 years of age [30].  It is considered as a 

complimentary treatment modality in older children and 

adolescents. Behavioral Intervention improves 

academic performance, social skills, defiant and 

aggressive behavior in children with ADHD. There are 

various components in Behavioural Intervention which 

include Positive reinforcement, Time-out, Response 

cost and Token economy [31]. 

 

Educational Intervention 

Educational Intervention is primarily used for 

management of ADHD in children more than 5 years of 

age. In this method of  Educational Intervention there 

are various modifications in the classroom which 

include Using Board for writing assignments, Making 

child with ADHD to Sit near the teacher, Providing 

extra time to complete tasks, Allowing to write tests in 

an environment with less distraction, Assigning a Study 

Buddy or a Shadow Teacher [32]. 

 

Psychosocial Intervention 

Among psychosocial interventions, parent 

behavior management training is popular. It has been 

shown beneficial in management of children with 

ADHD. It involves training parents to implement home 

behaviour therapy programs, to target both home and 

school behaviour, generally using contingency 

management approaches. Parents are oriented towards 

concept of positive reinforcement, usage of functional 

behaviour analysis to negative behaviors, and tracking 

specific behaviours. Behavioural targets are set and 

reinforcers are planned. Cognitive behavioural therapy 

primarily concentrates on problem solving. Social skills 

training are a type of cognitive behavioural intervention 

which targets social skills directly [33]. It has been 

found useful in management of ADHD among 

adolescents. 

 

External Trigeminal Nerve Stimulation (ETNS) 

System 

External Trigeminal Nerve Stimulation 

(ETNS) is a new medical device to treat children with 

ADHD. It has been appoved by FDA for use in children 

between 7 to 12 years of age. ETNS is a small device 

roughly about the size of a cell phone. It can be used at 

home under parental supervision, when the child is 

sleeping. ETNS generates low-level electrical 

stimulation which is carried through a wire to a small 

patch placed on the child's forehead. It sends signals to 

areas of the brain related to attention, emotion and 

behavior. It is being studied for symptomatic 

management of children with ADHD who are not on 

any medications. 

 

New Forest Parenting Package (NFPP) 

The New Forest Parenting Package (NFPP) is 

a type of psychosocial intervention in the management 

of ADHD among children. The main basis of NFPP is 

the pivotal role of constructive and reciprocal parent 

child interactions in the psychological development of 

attention and impulse control among preschool age 

children. It combines behavioural intervention with 

parent –child interaction. It targets parent- child 

processes involved in mediating development of 

attention and self-organizing skills. Parents are taught to 

be supportive, aware of the child’s developmental level, 

and set appropriate and challenging goals [34].  

 

Prominent treatment goals in NFPP include 

reducing negative reactions of parents, promoting 

authoritative parenting technique with setting limits 

appropriately, increasing positive and constructive 

interaction between the parent and the child, providing 

tailored motivation and scaffolding of attention and 

self-organizational competencies. 

 

Alternative Therapy 

Apart from the pharmacological and 

nonpharmacological intervention therapies for 

management of children with ADHD, there are also 

other approaches which are being studied. These 

include Electroencephalography, Biofeedback Training, 

Megavitamin Therapy, Herbal Treatments, Body and 

Craniosacral Manipulation, Sensory Integrative 

Training and specific Supplements [35]. Overall the use 

of integrative treatment model rather a single treatment 

modality is recommended for management of ADHD.  

 

CONCLUSION 
With the advancement of scientific diagnostic 

and therapeutic, etiology and management of various 

diseases and disorders are changing. In management of 

ADHD among children along with traditional treatment 

practices, there are novel therapeutic approaches and 

combination interactive therapies which are being 

studied. The availability of extended release, delayed 

release, prodrug, and transdermal stimulant 

formulations, as well as alternative non-stimulant 

agents, opens newer dimensions in the management of 

ADHD among children. 
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