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ABSTRACT

Introduction:

Electroconvulsive Therapy has been an effective therapeutic option for

psychiatric illnesses. The practice of ECT has evolved over the decades to make it

more safer and efficacious by the use of anesthetic agents, muscle relaxants,

modifying electric stimulus parameters, electrode placement sites, adjusting

concurrent medications etc. Higher rates of adverse effects in ECT are noted with

prolonged seizures and status epilepticus. Detecting these by just motor method is

unreliable and additional EEG monitoring method has been considered to be a better

option.

Aims:

To find the incidence rate of prolonged seizures in patients undergoing ECTs

and its associated factors like EEG monitoring and ECT session number.

Materials and methods:

216 sessions in patients undergoing modified ECT for various psychiatric

diagnoses were included in this cross-sectional study. Patient characteristics and

seizure characteristics were noted after seizure was induced by electric current

stimulus from the ECT apparatus with EEG. Seizures were noted as per motor and

EEG characteristics defined by Royal College of Psychiatrists ,UK (2005).

Results:

24 were Prolonged seizures, 149 were Adequate seizures. The remaining 33

were missed or inadequate seizures.  9 (37.5%) of these 24 prolonged seizures were
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detected exclusively by the use of EEG monitoring. Prolonged seizures were

significantly higher in First and second ECT sessions, compared to later sessions.

10 (6.7%) of the 149 adequate seizures were picked up exclusively by EEG

monitoring.

There were no significant association of prolonged seizures with gender, BMI,

sub-types of psychosis, concurrent use of lithium or clozapine in ECTs.

Conclusion:

EEG monitoring during modified ECT helps in detecting prolonged and

adequate seizures which may have otherwise been missed by using only motor

criteria. Prolonged seizures were significantly associated with ECT sessions and was

higher with the first ECT than second and  later ECT sessions.

Keywords:

Electroconvulsive therapy, Electroencephalography in Electroconvulsive

therapy, Prolonged seizures, Inadequate seizures
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INTRODUCTION

Electroconvulsive Therapy (ECT) is an important treatment option in

psychiatric illness like depression, mania, schizophrenia and occasionally other

conditions such as catatonia,the neuroleptic malignant syndrome and parkinsonism.1–4

Unmodified Electroconvulsive Therapy was in practice in the earlier days.

Current practice is the use of modified Electroconvulsive Therapy (MECT), with the

additional use of short acting muscle relaxant and general anaesthesia.5,6

Elicitation of seizure and its adequacy are essential for the therapeutic effects

of ECT.1,7frac

The aim of ECT is to induce a generalised cerebral seizure activity of a type

that is associated with a tonic-clonic or grand mal convulsion.1,8 To do so an electrical

dose that is sufficiently near or above the seizure threshold is necessary to maximise

the clinical efficacy of treatment but not so high that it needlessly contributes to the

cognitive side effects of treatment.9

If adequate or necessary cerebral seizure activity has not been induced, then

the objective of the ECT is not achieved. The ECT practitioner must restimulate the

patient while he or she is still unconscious – otherwise the treatment session is not

beneficial therapeutically.10

EEG monitoring during ECT is additionally useful to detect both adequacy of

cerebral seizure in patients having no or inadequate motor seizures and also to detect

prolonged seizures to prevent acute and long term adverse effects.11–15

The minimum electrical dose to induce the necessary generalised cerebral

seizure activity is referred to as the “seizure threshold”.10 The seizure threshold

should be routinely measured by an empirical titration method.16,17
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Criteria for ECT-Induced Seizure Adequacy:

According to the Revised criteria of Royal College of Psychiatrists,UK (2005)

10, an adequate seizure must have a seizure with either Visual seizure characteristic

which isbilateral tonic-clonic seizure of no specified length, or EEG seizure

Characteristicswhich is the presence of typical seizure features: Polyspike activity,

Spike and wave complexes & Postictal suppression or both.10

The seizure onset is indicated by occurrence of spikes and poly spikes which

are above 8-10 Hz in frequency. These are gradually replaced by more rhythmic spike

and slow-wave discharges.  The frequency of this slow-wave phase initially is about 4

Hz and reaches 2½ -3 Hz. Typically, the seizure ends with a fit-switch which is

characterized by abrupt cessation of EEG discharges. Sometimes, the termination

does not occur with such a fit-switch. The high amplitude spike and wave activity is

replaced by low voltage slow waves. Its amplitude is smaller than that seen in the

EEG before the stimulus application.8

Prolonged seizures occur during ECT which do not add any therapeutic

benefit but instead cause higher rates of adverse effects like confusion, memory

disturbances.

According to Revised Royal College of Psychiatrists criteria (2005), a

prolonged seizure is any seizure of duration more than 2 minutes.10 Whereas

American Psychiatrists Association (2001), defines it as any seizure more than 3

minutes or 180 seconds duration.15 The general consensus is that any seizure lasting

more than 2-3 minutes is prolonged and must be terminated as soon as they are

detected.10
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A study conducted by Benbow in Manchester,UK in 2003 showed Prolonged

seizures occurred in 19% of ECT courses studied. EEG seizure length was

significantly longer than the observed motor seizure length. 11

Mayur(1999) conducted a study in India at NIMHANS, Bangalore in which

EEG seizure was prolonged in 38 (16%) out of 232 that were in the study. The motor

seizure was shorter than 90 seconds in 15 of the 38 (39%) prolonged seizure

patients.18

These 39% of the overallprolonged seizures during ECT would have gone

undetected if it wasn’t monitored by electroencephalogram (EEG). Results are

applicable to the first ECT session only.

The number of Indian studies in this regard are few and mainly from the

central institutesandvery few studies from General Hospital Psychiatry Units (GHPU)

which caters to significant number of psychiatric patients, most of the GHPU do not

have EEG monitoring of ECTs. Hence, this study is done to assess the incidence of

prolonged seizures and the factors affecting it during ECT by EEG monitoring.
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OBJECTIVES

1. To find the incidence of prolonged seizures in patients undergoing modified

electroconvulsive therapy by motor and EEG criteria.

2. To find the incidence of adequate seizure by EEG criteria but inadequate by motor

criteria in patients undergoing modified electroconvulsive therapy.

3. To find the correlation of incidence of prolonged seizures in patients undergoing

modified electroconvulsive therapy with session number and other factors like

gender, BMI,sub-types of psychosis, concurrent medications like lithium and

clozapine.
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REVIEW OF LITERATURE

HISTORY OF ELECTROCONVULSIVE THERAPY:

1)EVOLUTION OF CONCEPT OF CONVULSIVE THERAPY

Manfred Sakel in 1933, a psychiatrist from Vienna(Austria) had invented

Insulin induced Coma as a therapy for the psychiatric patients. Initially he was

treating morphine withdrawal patients using this technique and then after its success

he used it in Schizophrenia patients.This method later came to be called as the

"Insulin-shock treatment".19 It typically involved using daily injections of high doses

of insulin which caused the patients to produce intense sweat, go into somnolence and

produce coma, which he termed as “wet shocks” or in some patients it would produce

epileptic tonic-clonic fits and other seizure effects which he termed as “dry shocks”.20

He also described that this technique had lethal consequences like hypoglycemic

coma in the hands of untrained personnel and it would be made safer with timely

intervention using glucose infusion. This requiredthe procedure to be done by trained

personnel. Sakel had got the idea for this technique around the time of a major

medical breakthrough by Wagner-Jauregg’s theory of biological basis of disease for

which he received the Nobel Prize in Medicine in the year 1927.21,22 This principle

further lead to various successful treatment modalities that is based on the

physiological processes of disease for therapeutic purposes such as convulsive

therapy.

A few years later,a Hungarian psychiatrist called Ladislas Von Meduna from

Budapest in the month of January 1934 introduced Convulsive therapy by using

chemicals which had seizures/convulsions producing ability. Initially, he was

injecting an oilbased camphor preparation intramuscularly in patients of
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Schizophrenia. Lateron, he started using Metrazol (also Cardiazol) as camphor

injections were unreliable for inducing convulsions effectively. He reported

observations in 26 cases of Schizophrenia.21,23 He had hypothesized a theory of

biological antagonism between Schizophrenia and epilepsy for which valuable data

was available during the time based on observations of Schizophrenia patients who

also had epilepsy and his own professional experience. Nyíröet al. in January 1931

noted that the rate of schizophrenia were significantly lower among those with

epilepsy than that of the general population. the general population.22Meduna had also

found interesting a report by Muller in 1930 about two schizophrenia patients whose

symptoms remitted following a few epileptic seizures. 21

He concluded in his own observation that epileptic seizures had influence on

the behavior of patients of Schizophrenia. 24

UgoCerletti who had been studying in University of Genoa (Italy), observed

while working with Battelli who in 1903 had started using domestic electric current

available from the city of Genoa on animals to produce seizures.25 This procedure

involved placing one electrode in the animal's mouth and another one in the back of

the animal's neck . Upon passing electric current it would induce an epileptic seizure.

Battelli was considering that as a safe procedure and having observed it from close

quarters Cerletti was influenced by the same. 26

Cerletti had developed a working idea based on his observations of Meduna's

Convulsive therapy for Schizophrenia as well as Battelli's method of inducing

epileptic seizures in animals by using electric current. He thought of combining the

two ideas and perhaps to try and use electric current to induce seizures in patients of

psychiatric illness as it was being used effectively in animals to induce seizures. But
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he had to be sure of the safety of using electric current and contrive an effective and

harmless method to administer it safely in humans. He had started collecting data

from his animal experiments and analyzing it to ensure that it was a safer way to

induce seizures than chemicals like Metrazol or Insulin which were being used then.25

He initially begun experimenting this technique on street dogs which were

caught and brought in vans every week during a period between 1936-1937.Cerletti’s

assistant LucioBini used electric current while Cerletti’s other assistant Accornero

used insulin method and studied the histopathological changes in Ammon's area in the

dog's brains.27 It was necessary to differentiate the post-mortem changes with that of

the effects of the induced seizure by electricity and other methods. 26

However, he was still worried about the safety of using electric current in

humans and it took him many years of applying it on experimental animals before

being confident of using ECT for humans.

LucioBini helped in eliminating the fatal aspects of Electroconvulsive therapy

in experiments with animals as he noticed that placing one electrode on the head and

another on the anus of animals caused the death of the animals as they would cause

Cardiac Arrest. He suggested that both the electrodes maybe placed on the head after

testing various circuits in which no animals died further in the experiments.22

After the initial success of safely using electricity induced seizures in animals,

one of the vital moments  in electroconvulsive therapy happened at the first

international meeting on "New therapies for Schizophrenia" organized by the Swiss

Psychiatric Association in Munsingen, Switzerland headed by Dr. Max Müller in

1937.28Bini who was representing Cerletti and the team, presented their first report of

electric current induced epileptic seizure in dogs as well as another report on insulin
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coma therapy. This is the first ever public discussion on Electro Convulsive

Therapy.22

2) INVENTION OF ELECTRO-CONVULSIVE THERAPY

Cerletti despite the success of his method of using electric current safely to

induce seizures was still worried that people may criticize and compare his method

with that of electric chair used for murderers in prison, especially that the procedure

will be seen as a crude, inhuman procedure.29,30 After Bini returned from the

Conference in Switzerland, he observed in his experiments on animals like pigs being

electrocuted in the slaughterhouses with electrodes to their heads did not prove fatal,

and they had a quick recovery post electricshocks. The pigs were not being killed by

electric shocks instead they were being anesthetized before they were being

slaughtered.22,29,31

Cerletti and Bini then started Electro Convulsive Therapy in treating humans

in April 1938. It was first administered in their Clinic. The first patient was a man

who was found aimlessly traveling in the train station without a ticket and diagnosed

to have Schizophrenia. He was given a course of 13 ECTs over a period of 2 months

and had complete remission but he was lost to follow up for the next 2 years but

remained recovered in that period.29,32,33

Cerletti gave the first public presentation of ElectroConvulsive Therapy in a

conference in Rome in the month of May 1938 and it soon became an accepted

procedure for not just Schizophrenia but a variety of psychiatric disorders like

Depression, Mania, Bipolar Disorder, Catatonia, Psychosis etc and even  non-

psychiatric disorders like Parkinsonism.33,34
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Thus, the procedure of electrocution of pigs by applying an electric shock to

their heads in slaughterhouses in Europe before they were slaughtered which caused

seizures was replicated and introduced by Cerletti and team on humans for therapeutic

purpose. The patients had shown remarkable improvement in psychiatric symptoms

especially that of catatonia. The main drawback of this procedure were the violent

seizures which caused severe injuries in the form of fractures, abrasions, lacerations

and also dislocations, including spinal fractures in many of them.29,35

INTRODUCTION OF MODIFIED ELECTROCONVULSIVE THERAPY

1) USE OF SKELETAL MUSCLE RELAXANTS IN ECT

After the initial wave of success with ECT across the world in the late 1940s,

especially in the US and European World. There were concerns regarding adverse

effects such as joint dislocations, bone fractures including spinal fractures, risk of

additional injuries due to the violent nature of seizures associated with the

procedure.36,37

By then skeletal muscle relaxants based on plant product curare which were

used to cause paralysis in hunted animals by tribals was isolated by Harold King.38,39

A chemical called d-tubocararine wassynthesized from a sample of curare and was

subsequently used in practice by anesthetists in surgeries requiring immobilisation of

the patient.38

Initially curare compounds found indication in the treatment of tetanus,

epilepsy and hydrophobia initially.38,39The most widespread usage for curare

containing products began due to use in ECT more than other procedures at the time.

An American neuropsychiatrist Abram E. Bennett from Nebraska had an idea of using
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curare in ECT to block neurotransmission and preventing the occurrence of severe

fractures and dislocations associated with the procedure as he was unhappy with the

high incidence of spinal fractures in his practice.33,40

Later,after the introduction of Succinylcholine which is a non-depolarizing

ultra-short acting muscle relaxant, the procedure became moreeasy and convenient to

conduct. With these there were significant reduction in the fractures, dislocations and

violent injuries. Butpatients were also completely paralyzed including diaphragm

which is the active muscle for respiration.38,39,41

Using curare or succinylcholine in ECT had another significant drawback. It

was that the patients were not just paralysed completely but they would also be aware

of the seizures while in a paralysed state during ECTs leading to “awareness

syndrome”.42

It is due to the inability to breathe during the paralysis of the respiratory

muscles like diaphragmcausing a great amount of distress to the patients. This

awareness of not being able to move or voluntarily breathe while having a generalized

convulsion was particularly distressing and a significant problem.42,43

2) USE OF GENERAL ANAESTHETIC DRUGS IN ECT

By the late 1950s, the invention of Anaesthetic medications had already been

in routine usage in various surgeries requiring complete loss of awareness and sensory

sensations. The usage of these anaesthetic drugs in Electroconvulsive Therapy were

started in the same era. Abolishing the distress caused by an “aware” state of muscle

paralysis during use of muscle relaxant during ECT by the use of anaesthetic drugs

was a big step towards providing the patient a huge relief. 44,45
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The use of this general anaesthetics caused the patient to enter a plane of

anaesthesia with complete loss of awareness, sensation and suppression of reflexes

which are needed only for a short duration of time.This was taken care of by using

short acting Barbiturates like Methohexitone, Pentothal(thiopentone sodium) having

these desirable properties.46,47

The faster induction, shorter action and quicker recovery at a mild-moderate

dosage range of these drugs along with their anticonvulsant property in case of need

for termination of a prolonged seizure made them the anaesthetic agents of choice for

this new “modified electro-convulsive therapy”.6,48

It was after the invention of the anaesthetic drugs and skeletal muscle

relaxants by the late 1950’s that the ECT procedure became more acceptable in terms

of the absence of fractures, dislocations and anxiety symptoms.

The use of muscle relaxants like succinylcholine, can have effects of strain on

the cardiovascular system but the dose of these drugs used in MECT is significantly

lesser than the dose associated with adverse effects. However, the occurrence of such

adverse cardiovascular effects have been very minimal in its severity or frequency.49

The muscular convulsions during ECT produces a markedly increased cardiac

load which the heart may not be able to handle. Blood-pressure and pulse rate are also

significantly altered during the tonic phase of the convulsion due to the vagal tone of

the heart.50 The muscle convulsions are reduced by an ultra-short acting skeletal

muscle relaxant with a safer adequate dose and vagal block by using drugs like

Atropine or Glycopyrrolate. They also reduce salivation and thus reduce the risk of

aspiration.50,51 Intravenous use of these drugs, preferably glycopyrrolate over atropine

has greater advantage than subcutaneous administration.51,52
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3) USE OF PRE-OXYGENATION DURING MODIFIED ECT

Oxygenation is used prior to giving ECT stimuli as well as during post ECT period till

the patient regains respiration.

If oxygenation is inadequate like in situations where pre-oxygenation is not done or

inadequate before administering the electric stimulus, then there is an increased risk

of hypoxia. This in turn may lead to low seizure duration and inadequate

seizure.53,54Repeated electric stimulation is needed to get an adequate seizure.

Hypoxia can cause cerebral dysfunction during prolonged seizures, which can lead to

prolonged confusional states, agitation and cognitive impairments or even non-

convulsive status epilepticus.11,54 Animal studies have shown an increased risk of

structural brain damage, cardiopulmonary, and cardiovascular complications in

prolonged seizures regardless of efforts to maintain oxygenation.11,54

The ECT procedure became very sophisticated and requires the additional service of a

qualified anesthetist to administer electro-convulsive therapy.10 This administration of

general anaesthetic and skeletal muscle relaxant during ECT is termed as modified

Electroconvulsive therapy (MECT).40

The procedure has now becomemore safewith the near elimination of risk of fractures,

cardiac arrest and anxiety with these measures. By the 1960s, adverse effects like

cognitive disturbances like brief confusion, memory loss, agitation, headache started

getting more attention to maximise the treatment benefits. Most of the ECT related

research in the last 4 decades is done in this regard.55

Factors like electrode placement sites, interval between successive ECTs , the

treatment course of ECTs , concomitant medications being used that can affect seizure

threshold, anaesthetic drugs used etc also have been shown to affect the seizure

duration and/or its adverse effects.16,17,56,57
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4) USE OF NEWER ELECTRODE PLACEMENT TECHNIQUES

An important factor affecting safety and the efficacy of ECT studied is the site

of electrode placement.  Various sites have been successfully tried, common among

these are bitemporal, bifrontal, right unilateral and left anterior right temporal

placements.

1. Bitemporal(BT) - the center of the electrodes are placed 4cm above and

perpendicular to the midpoint of the line joining lateral angle of the orbit and external

auditory meatus on either side of the head.10

2. Bifrontal (BF) site– the center of the electrodes are placed 5cm above the bridge of

the nose about 2 cm apart on either side.10 Initially introduced by Richard Abrams and

Max Fink in 1972, it was not successful in their trials. It gained attention from studies

in the 1990s with various reports of varying efficacy and adverse effects. But in a

large randomized trial conducted, it did not show as much as efficacy as bitemporal.58

3. Right Unilateral(RUL) – also called as non-dominant hemisphere ECT. D’Elia

established the standard RUL ECT position. The center of one electrode is placed on

the side of the head just above the midpoint of a line running from the lateral angle of

the orbit to the external auditory meatus. The other one which is the vertex electrode,

is placed just to the right of a line down the midline of the skull at its intersection with

a perpendicular line across the skull connecting the 2 external auditory canals. 10

The severity of impairment of memory is more in Bilateral ECT than Unilateral ECT

at lower electric doses. Among bilateral ECTs bitemporal ECT is noted to have more

cognitive impairment than bifrontal. 59,60 However, bitemporal ECT is still reported in

majority of the studies on electrode positioning to be better than the others in terms of

efficacy. Also unilateral ECT when administered at doses6 times more than the
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seizure threshold, the efficacy and adverse effects are noted to be similartobitemporal

ECT.61

5) ALTERING THE ELECTRIC CURRENT STIMULUS PARAMETERS

The ECT stimulation technique also contributes to the type of adverse effects, both

cognitive and non-cognitive. Electric stimulus parameters like wave-form, pulse-

width, duration of stimulus, frequency, amplitude have been studied with various

results.62

Over the last few decades lot of thought and research has been done in this aspect.

Electric current wave-form in ECT

1. Sine-wave ECT – This is the first wave-form of electric current used by Cerletti

and Bini. It deliversan electric current of amplitude which varies continuously with

the totalduration of the stimulus.40 Sine-wave current requires more energy to produce

seizure and may contribute to the increased rate of adverse effects.33

2. Brief-pulse wave ECT- It was noted that thesine wave has long duration along

with gradual rise and fall of wave amplitudeis physiologically inefficient and causes

adverse effects. The electric pulses were made shorter by substituting brief pulses in

place of peaks of sine-waves.62

Brief-pulse ECT was introduced by American Psychiatrist Dr.Blatchley in the year

1976. It delivers electric current in pulses instead of the traditional continuous sine-

wave form of electric current and has definite advantage over cognitive adverse

effects.33

The pulse width for brief pulse is between 0.5 – 2ms duration. Rectangular brief pulse

is the commonest pulse technique used for this purpose.56 But it was not until the

1980s that conclusive evidence emerged that briefrectangularpulse ECT could match
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the efficacy of sine- wave ECT while dramatically reducing the cognitive adverse

effects.63

APA (2001) recommends that the brief-pulse waveform be the standard in ECT

treatment and use of sine-waveform ECT cannot bejustified any further.6,54

3.Ultra-Brief pulse – ECT delivered with electric current of pulse-width less than

0.5ms.56 Evidence to compare the efficacy of ultra-brief pulse ECT with that of brief-

pulse ECT and sine-wave ECT is not sufficient. Studies have mentioned that ultra-

brief pulse ECTs had been switched to brief-pulse ECT when responses were poor.64

Classification of ECT induced seizures

ECT produces seizures but not all seizures are satisfactory. These seizures to be

effective have to be adequate but not prolonged. Inadequate seizures are not

efficacious while prolonged seizures and status epilepticuscause excessive adverse

effects.65

Just observation of motor manifestations may be misleading and an ECT seizure may

be wrongly deemed to be inadequate or adequate and prolonged seizure activity or

status epilepticus may be missed.15 Hence, it has become an accepted rule to monitor

ECT seizure activity with EEG monitoring so that adequacy and prolonged activity

are not missed.Hence, it is essential to classify seizures as adequate, inadequate,

prolonged and status epilepticus which are defined as per their motor and EEG

characteristics.

1) Adequate seizure:

The clinical efficacy depends on elicitation of a typical or adequate seizure. Older

Royal College of Psychiatritsts guidelines (1995) suggested that ECT induced

seizures must have more than 15 seconds of tonic- clonic convulsions or 25 seconds
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of EEG seizure characteristics to be adequate.15,66These were later revised in the year

2005 and the criteria are described below.

Criteria for typical ECT-Induced Seizure or adequate seizure:

According to the Revised criteria of Royal College of Psychiatrists,UK (2005).

Any seizure with a bilateral tonic-clonic seizure activity regardless of its duration

observed visually or the presence of characteristic EEG features - Polyspike activity ,

Spike and wave complexes & Postictal suppression.8,10

A typical seizure has phases of “polyspike activity” having high frequency spike

waves, continuing into slow and spike wave complexes and followed by either a

relative or complete suppression of electrical activity “post-ictal suppression”.8,10

2) Inadequate seizure

A well-modified seizure will manifest with either tonic-clonic convulsions or a typical

seizure pattern on an EEG. The absence of both is considered as a missed or

inadequate seizure.10

The seizures when inadequate or missed during ECT is not therapeutically

advantageous and another adequate or typical seizure has to be produced by

restimulation. 10

3) Prolonged seizure:

The APA (American Psychiatric Association) guidelines (2001), define any seizure

which is more than 180 seconds as prolonged seizure.54

Revised guidelines of Royal College of Psychiatrists,UK (2005), defines prolonged

seizures as any seizure duration of  more than 120 seconds.10
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4) Status Epilepticus:

Status epilepticus can be of two convulsive and non-convulsive

types.Generalised convulsive and non-convulsive status epilepticus (SE) are

neurological and medical emergencies defined as 5 or more minutes of either

continuous seizure activity or repetitive seizures with no intervening recovery of

consciousness.67

Prolonged seizures and Status Epilepticus are important adverse effects that

especially occur in those receiving medications/drugs that lower seizure threshold.

Routinely used psychiatric medications like SSRIs, Clozapine and drugs like

theophylline or pre-existing medical conditions like electrolyte imbalance can lower

seizure threshold.They are a major concern during ECT sessions and have to be

managed by skipping or stopping the drug.68

IMPORTANCE OF DETECTING PROLONGED SEIZURES AND STATUS

EPILEPTICUS

Non-convulsive Status Epilepticus (NCSE) is particularly difficult to diagnose as

there are no easily observable visual seizure characteristics. In such cases, EEG

monitoring helps in detecting cerebral seizure characteristics and is a better tool to

assess the end of any seizure. Those receiving modified ECT and having prolonged

confusional state and agitation may probably be in a state of NCSE as the motor

convulsions have stopped. This is considered a neurological emergency and hence has

to be terminated as soon as it is detected.10

As a result of prolonged seizures and Status Epilepticus, higher rates of

cognitive and non-cognitive adverse effects can occur.12
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However, the ability of non-memory cognitive functions is not usually impaired like

planning, intelligence, abstraction etc. It is even noted that memory impairment in

severe depression has improved post ECT sessions in test scores done before the

initiation and when compared with the after completion of ECT scores.10

ADVERSE EFFECTS IN ELECTRO-CONVULSIVE THERAPY

Patients may experience physical side effects after ECT like headache, nausea

and muscle pain due to soreness particularly during the initial part of the treatment.

These may due to the effects of the seizure, anaesthesia or some combination of the

two and are not usually medically serious.63 These can be managed by NSAIDs, anti-

emetic medications. In case of persistent soreness of muscle , curare or newer non-

depolarizing muscle relaxants can be used.69

Prolonged seizures are a major concern while performing ECT session as they

increase the risk of adverse effects.10

The confusional states in the post-ECT period can be managed by using

moderate doses of benzodiazapenes like diazepam, lorazepam, midazolam or a higher

dose of inducing agents like barbiturates.10,70

This is a major concern since the initial days of unmodified ECT

administration and continues to have negative perception in the general public, news

media, cinema etc. Certain events like the death of American author Ernest

Hemingway who committed suicide after ECT course as well as several writers and

other famous personalities complained of memory disturbance in various television

interviews in the 1960s-80s.71,72
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These adverse effects werealso the main points undertaken by the Anti- ECT

movement or the Anti-psychiatry movement in general by prominent personalities

which included Psychiatrists like Thomas Szasz , Peter Breggin , Sociologist Erving

Goffman to promulgate their agenda.73This had put pressure on the ECT practitioners

to regulate and invent techniques to minimize adverse effects as much as possible and

maximize the therapeutic benefit of ECT.72

There were also concerns regarding the ethical issues pertaining to ECT as the

practice in the initial period violated principles of patients’ autonomy and

beneficience. It was also inappropriately used without adequate consent from the

patient or their attendants.4,71 American Psychiatric Association (APA) in 1978

formed the first task force on ECT and in the year 1990 issued guidelines,

recommendations , treatment protocol including the consent aspect of it and is

periodically updated by its sitting members.9 These guidelines along with the

guidelines by Royal College of Psychiatrists, United Kingdom have influenced most

of ECT related recommendations by other groups around the world.

ELECTROENCEPHALOGRAPHY MONITORING IN

ELECTROCONVULSIVE THERAPY

Electroencephalogram (EEG) is a neurophysiological method to assess

electrical activity in the brain. Cerebral seizures may continue long after motor

convulsions have stopped during any seizure including those induced in ECT. In some

cases, cerebral seizures may occur without an accompanying motor convulsion. An

EEG record is the best tool to detect and assess the seizure activity. 7,10

A typical seizure has polyspikes, slow spike-wave complexes and suppression

of electrical activity which is seen in an EEG.8,13
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The older Royal College of Psychiatrists guidelines (1995) suggested that an

ECT induced seizure should be of at least 15 seconds of tonic-clonic seizures or 25

seconds EEG seizure duration to be considered as adequate.10 However, the length of

either motor or EEG seizure duration was not related to ECT’s efficacy which might

be a result of a partial or focal seizure.8

Hence, the revised guidelines especially considers EEG criteria of typical

seizure characteristics as a recommendation for adequate seizure.10 A tonic-clonic

convulsion can be considered in case of non-availability of EEG. Such is the

importance of EEG that it has been recommended although not mandatory to be

routinely used in ECT clinics by the Royal College of Psychiatrists, UK.10

Also detection of prolonged seizures and non-convulsive status epilepticus in

the absence of motor convulsions can be detected by the use of simultaneous EEG

monitoring during ECT.12

STUDIES ABOUT PROLONGED SEIZURES

In a study by Greenberg (1985) in New york, about 126 people received a total

of 1233 seizures and about 54(4.25%) of the total number of seizures were prolonged

which 43 were detected by EEG criteria and 11 by motor criteria using cuff method.

79.6% of them were detected with the use of EEG monitoring. This was one of the

first studies to report in this regard and raised the issue of high rates of undetected

prolonged seizures by using cuff method only.14

In a study in Manchester city by Benbow (2003) 18 out of 67 patients in a total

of 95 ECT sessions had prolonged seizure as per EEG criteria of 120 seconds which

makes up an incidence of 19% of the total ECTs. There were also 19 of the total 95

ECTs which had inadequate motor seizure while they all satisfied EEG seizure criteria

including 1 prolonged seizure of more than 120 seconds. 11
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In a study by Mayur (1999) a total of 232 participants undergoing their first

ECT sessions,38(16%) of them had prolonged seizures. Prolonged EEG seizures

occurred in all whereas only 23 of them had prolonged motor seizure raising the

concern that 15 of them would have gone unnoticed without EEG monitoring leading

to further repeated electrical stimulation at higher doses. 1 of these 15 even had

inadequate motor seizures, as EEG seizure was prolonged and all of them wouldn’t

have been treated for prolonged seizure causing no extra therapeutic benefit but rather

increase the adverse effects and recovery of the patient both immediately and short

term.18

The study also compared and tried to find a correlation between motor and

EEG seizure duration , it was favorable in those with adequate seizure duration only

with a pearson’s correlation co-efficient ‘r’value of 0.8 which had a good correlation,

while with prolonged seizures the correlation was poor with a ‘r’ value of 0.1.18

In a study by Jayaprakash (1998), 158 patients undergoing first ECTwere

monitored by hamilton’s cuff method as well as EEG. Totally prolonged seizures

were found in 32 patients (20.3%) of them undergoing first ECT.  Of which, 18 of

them were having adequate seizure by motor criteria but detected to be prolonged by

EEG criteria, about 56.2% of them with prolonged seizures would have gone

undetected without EEG criteria which can only be detected by proper EEG

monitoring.15

Also, inadequate seizures by motor criteria were found in 12(8%) of the

patients, out of which 11 of them were all detected to have adequate seizure by EEG

criteria and 1 of whom even had prolonged seizure without an adequate motor seizure.

This would have caused unnecessary restimulation of seizure with a higher dose of

electric current and increase in subsequent doses of electric current henceforth. This
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was prevented by the use of EEG monitoring device during ECT session. This study

concluded that seizure monitoring by motor seizure criteria alone may lead to missing

of a significant number of prolonged and inadequate seizures.15

In the study by Girish (2002)in ,which aimed at studying the merits of EEG

monitoring, there was an important finding of prolonged seizure incidence of 18.8%

.In a total of 485 patients, 91 of them had a prolonged seizure ,and only 59(64.83%)

of them would have been identified by the “cuff method” of observing motor seizures

of duration more than 90 seconds. The remaining 32(35.17%) of them were picked up

only by EEG monitoring of these ECT sessions which is about 35% of all prolonged

seizures in this study, including 2 of them who had no motor seizure at all but had

only prolongation of EEG seizures more than 120 seconds. In these patients, based on

their motor criteria alone they would not have been able to identify prolonged cerebral

seizures to abort them without which it could have lead to various adverse effects and

no therapeutic advantage.12

But in about 15(16.4%) of them, motor seizures were prolonged and EEG

seizures adequate, leading to unnecessary anticonvulsant medication to terminate

those seizures which would have otherwise resolved itself. This merits the use of both

motor and EEG seizure monitoring in ECTs.

In about 29(6%) patients, there were inadequate motor seizures but detected to

have adequate seizures by EEG criteria, who otherwise with just motor seizure criteria

alone and without EEG monitoring would have otherwise been subject to unnecessary

restimulation with a higher dose of electric current to treat.12

The study also had showed a higher risk of prolonged seizures in young aged

individuals. Seizure threshold was lower in those with prolonged seizures and seizure

duration lower in those receiving high dose of electric current.Some medications like
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lithium increased the risk of prolonged seizures, 45% of the patients receiving lithium

had prolonged seizures but antipsychotics and benzodiazapenes did not have

significant extra effect on prolonged seizures.

Overall, the study concluded that although certain risk factors like young age,

concurrent lithium administation had higher risk of prolonged seizures during ECT, it

was largely difficult to predict who may have prolonged seizure and who may not. It

advocated the use of routine EEG monitoring in ECT clinics.12

This study however had studied only the first ECT sessions and did not have

data on subsequent ECTs and correlation of prolonged seizure with the ECT session

number or whether one can predict that a subsequent ECT can also have high rate of

prolonged seizure.

All these previous studies have failed to predict prolonged seizure duration

based on just motor seizure criteria alone and the error was very significant in

calculating and the correlation was poorer as the seizure duration increased and the

need for identifying the correct termination of motor and/or cerebral seizure by EEG

criteria is necessary and warrants the use of both. Earlier data supports this conclusion

and most data exists with respect to first ECT session alone and none on subsequent

ECTs and their correlation with prolonged seizures or inadequate/missed seizures.
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METHODOLOGY

Patients who were admitted under the Department of Psychiatry, K.L.E.S

Prabhakar Kore Hospital and undergoing modified electro-convulsive therapy after

being diagnosedwith a psychiatric or mental illness by applying the criteria from the

10th revision of the International Classification of Diseases and Related Health

Problems, Diagnostic Criteria for Research Fifth chapter containing the classification

of Mental and Behavioral disorders (ICD-10 DCR chapter -V) were taken for the

study.74

Type and period of Study:

A 1 year cross-sectional study conducted between 1st January 2018 till 31st

December 2018

Study population:

Patients admitted in the department of Psychiatry in KLES Dr. Prabhakar Kore

Hospital and Medical Research Centre, Belagavi with diagnoses of psychiatric

illnesses. These patients who have been advised modified electroconvulsive therapy

procedure by the treating psychiatrist who fulfilled the following criteria were taken

for the study.

Inclusion criteria :

1) All patients who have been indicated for modified ECT.

2) Age more than 18 years.

Exclusion criteria:

1) Known history of seizure disorder.

2) Contraindication for modified ECT.
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SAMPLE SIZE:

n = Number of ECTs to be assessed,

calculated using the formula

n= 4pq/d2

where p=16, q=100-p = 100-16= 84 d=5

based on a related study byMayur (1999) which had 16% incidence of prolonged

seizures18

n= 4*16*84 /25 = 5379/25 = 215.04

n= 216

Therefore 216 ECT sessions with their motor and EEG seizure recordings will

be assessed for this study.

Study design:

Definitions:

Seizures will be classified based on the following characteristics by the

observation of motor & EEG criteria recommended by Royal College of Psychiatrists,

UK (2005).10

Missed or Inadequate seizures – Seizures with theabsence of either tonic-clonic

convulsions or typical seizure pattern on EEG is termed as missed or inadequate

seizures.10

Adequate or typical seizure – Any seizure with a bilateral tonic-clonic seizure

activity observed visually or the presence of characteristic EEG features which are

polyspike waves activity, spike & wave complexes of 3Hz and postictal

suppression.10
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Prolonged seizure – Any seizure with duration more than 120 seconds. It can be

measured as the duration of either visual generalised tonic-clonic convulsions or

typical seizure characteristics on EEG.10

Status Epilepticus – 5 minutes or longer duration of any continuous seizure or

repetitive seizures with no intervening recovery of consciousness.67

Protocol followed for modified ECT in the study

1. Detailed histories of the patients were taken including past history of psychiatric

illness, current & past psychiatric treatments and co-morbid medical illnesses.

2. Detailed Physical examination like height, weight, body-mass index, vital

parameters and also cardiovascular, respiratory, abdomen and central nervous systems

are assessed. Fundoscopywas also done to rule out papilledema.

3. Blood investigations – complete blood count, liver and renal function tests,

electrocardiography in all the patients and when indicated brain imaging were done.

Additional investigations were done as required to assess for fitness for the procedure.

4. Medical fitness were taken from Consultant Physicians, if deemed fit they were

considered for modified ECT.

5. Patients and their attendants were informed about the indication for the procedure,

its risks, adverse effects and complications of the procedure and informed consents

were taken from them.



Methodology

Page 27

ECT machine and electric stimulus parameters:

ECT was given using a machine manufactured by NiviqureMeditechPvt.

Ltd.®, Model INT-5, Serial number: I-01-17 which has an attached EEG monitor with

4-channel capabilities (2-EEG channels on either side, ECG and an Optical Motion

sensor channel)

The EEG leads are attached just above the midline of the eyebrow on each

side and on the skin over the mastoid process behind both ears. It is referred to as

“pre-frontal-mastoid positioning”. It gives two channels of EEG, one from each side

of the head.

One ECG channel is placed using the standard limb-leads placed in left arm, right arm

and left leg.

An optical motion sensor attached to one finger/toe in the isolated limb forms

the fourth channel. It picks up the tonic-clonic movements of the finger during seizure

which is visualized in the EEG monitor.

All the patients were given modified ECT with the following electric current

parameters:

1. Electrode placement- Bitemporal position (4cm above and perpendicular to the

midpoint of a line joining the lateral angle of orbit and external auditory meatus).

2.Pulse-width- Brief-pulse ECT with a pulse width of 1.5ms (microseconds)

duration.

3.Amplitude- 800mA (milliAmperes)

4. Frequency- 125pps (pulses per second)

5. Stimulus duration- stimulus duration varied directly in proportion to the electric

charge administered. For every 60mC increase in electric charge, the stimulus

duration increases by 0.4 seconds.
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6. Electric charge- the charge was delivered from the ECT machine in multiples of

60mC based on known seizure threshold or titration to establish seizure threshold.

There is an upper limit of 540 mC. (No patients in the study received current at a dose

more than 360 mC)

Pre- ECT preparation and modified ECT protocol

1. Patients were asked to remain nil per oral (NPO) overnight and maintain the same

for atleast 6 hours for solid foods and 2 hours for clear liquids. Any concurrent

medications such as benzodiazepines, antiepileptic medications/mood stabilizers

which can interfere with the seizure threshold in the procedure were withheld for the

night dose. Rest of the medications including psychiatric medications like

antipsychotics, antidepressants were given on the previous night.

2. Precautionary measures such as checking for loose teeth and artificial dentures

were done in the morning on the day of ECT. Orientation and memory were assessed.

General medications like antihypertensives, antacids, anti-emetics tablets were given

with sips of water atleast more than 2 hours before the procedure. Glucose monitoring

were done for patients with diabetes or impaired glucose levels. These patients were
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taken early for the procedure and their morning dose withheld until recovery of the

patient.

3. Routine physical examination was done, Vital parameters like temperature, Blood

Pressure, Pulse rate, Respiratory rate and Oxygen Saturation were recorded. ECG

limb leads were attached and then the EEG leads are attached just above the midline

of the eyebrow and on the skin over the mastoid process on each side called as pre-

frontal-mastoid positioning forming two channels of EEG from each side of the head.

4. Anaesthetist injects 0.2-0.6mg of glycopyrrolate bromide and 4-8mgof ondansetron

dose intravenously.

5. Anaesthetist injects thiopentone sodium intravenously from an inserted cannula

with a dose of 2-5mg/kg body weight.10

6. A sphygmomanometer cuff is tied to one of the limbs between shoulder and elbow

in the upper limbs orbetween knee and ankle in the lower limbs and is kept above the

measured systolic blood pressure (Adderley and Hamilton’s limb isolation method).75

The Optical Motion sensor (OMS) from the ECT machine was also attached to one of

the fingers/toes from the isolated limb.

7. Anaesthetist injects succinylcholine bromide intravenously at a dose of 0.5-1 mg/kg

body weight after the eye lash reflex and laryngeal reflexes are diminished indicating

stage 3 of anaesthesia. 10,76

8. Patients are then oxygenated mechanically using airway circuits from boyle’s

apparatus for atleast 20 respiratory cycles which takes approximately 1 minute.

Muscle fasciculations caused due to succinylcholine bromide injection are observed

which recede quickly except in the isolated limb which doesn’t show fasciculations.
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9. The centre of the electrodes from the ECT apparatus are placed on the bitemporal

site on each side of the head (4cm above and perpendicular to the midpoint of a line

joining the lateral angle of orbit and external auditory meatus).10

10. Electric current starting at the lowest dose (60mC) from the ECT apparatus is

given to induce seizures in the patient.

(a). If the patients develop tonic-clonic convulsions and/oradequate seizure

characteristics on the EEG monitor in the ECT machine.They are not further re-

stimulated with any electrical dose.

(b). If seizure is not stimulated or is inadequate by motor and EEG characteristics,

they are considered as “inadequate or missed seizures”. If the patient is still under the

anaesthesia and muscle relaxant effects, re-stimulation is done after a period of atleast

45 seconds with the next higher dose in increments of 60mC during each attempt until

an adequate seizure in the patient is induced. The electrical dose at which an adequate

seizure is achieved is called as the “seizure threshold”.

11. The Blood pressure cuff in the isolated limb is released. The ECT practitioner and

a trained independent observer measure the seizure duration by visual method until

the last clonic movement observable and by EEG method in the monitor until post-

ictal suppression and the baseline activity resumes.

12. (a) If the seizure is an adequate seizure then the patient is oxygenated again from

the boyle’s apparatus until he regains spontaneous respiration.

(b) If the seizure is a prolonged seizure then the patient is given intravenous diazepam

10mg or thiopentone sodium at a dose of 100-200 mg to terminate the seizure and

oxygenation is resumed until the patient regains spontaneous respiration. The

prolonged seizure duration is noted.
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13. Once the patient regains spontaneous respiration, he is observed until he regains

consciousness and is hemodynamically stable.

14. All the necessary details of thedoses of pre-anaesthetic drugs, motor and EEG

seizure duration in the procedure were noted and tabulated for analysis.

DATA ANALYSIS:

Data analyses were done using Microsoft® Excel for Office 365 MSO

(16.0.11929.20298) 32-bit.

Comparison of nominal/ordinal data were done by applying Fisher’s exact test

and Chi-square tests for testing the significance of association of variables.

A probability value (p-value) of less than or equal to 0.05 at 95% confidence

interval was considered as ‘critical value’ for statistical significance.

ETHICAL CLEARANCE:

Ethical clearance was obtained prior to the commencement of the study from

the Institutional Ethics Committee, Jawaharlal Nehru Medical College, Belagavi

(ANNEXUREII )

INFORMED CONSENT:

The patients or their guardians who fulfilled the selection criteria were

explained about the nature of the study and a written informed consent was obtained

before enrolment in the study (ANNEXUREI)
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RESULTS

TABLE 1: Sociodemographic details of the study sample

Characteristics Frequency

(n=110)

Percentage (%)

Mean Age 30.6 ± 6.88

Age distribution Young adult (18-35

years)

85 77.27

Middle aged adult (36-

55 years)

25 22.73

Older adult (56and

above)

0 0

Gender Male 60 54.54

Female 50 45.46

Locality Rural 59 53.64

Urban 51 46.36

Socio-economic

status

Upper class 2 1.82

Upper middle class 7 6.36

Middle class 93 84.55

Lower middle class 8 7.27

Lower 0 0

Religion Hindu 99 90.0

Muslim 9 8.18

Christian 0 0

Other 2 1.82

Table 1 shows the demographic details of the entire study sample. There were

a total of 110 individuals whose 216 ECT sessions were recorded. The mean age of

the study sample was 30.6 ± 6.88.
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About 85 (77.27%) of them were young adults between 18 and 35 years of

age, the remaining 25 (22.73%) from middle age group between 35 and 55 years.

There were no older adults (56 and above) in the study.

Males were 60 (54.54%) of them forming the majority and females were the

remaining 50 (45.46%).

Religion wise about 99 (90.0%) of the 110 people were hindus, followed by

muslims who were about9(8.18%) people and the remaining 2 (1.82%) belonged to

other religions.

Majority of them were located in rural areas 59 (53.64%), remaining 51

(46.36%) were from an urban background.

As per modified BG Prasad Socio-economic classification (Jan 2019), 93

(84.55%) of them belonged to Middle Class, 8(7.27%) to lower middle class

,7(6.36%) of them to upper middle class and 2 (1.82%) to upper class.77
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TABLE 2: Incidence of prolonged, adequate and missed seizures in the patients

undergoing ECT

ECT seizure characteristic Frequency Percentage (%)

Prolonged seizures 24 11.11

Adequate seizures 159 73.61

Missed/inadequate seizures 33 15.28

Total 216 100.00

Table 2 and figure 1 depicts the incidence of prolonged seizures,

missed/inadequate and adequate seizures in the study of 216 ECT seizures. The

majority of them had adequate seizures which was about159 (73.61%). While 24 of

them had prolonged seizures and 33 of them had missed/inadequate seizures which

amounts to 11.11% and 15.28% respectively.

11.11%

73.61%

15.28%

0.00%
10.00%
20.00%
30.00%
40.00%
50.00%
60.00%
70.00%
80.00%

Prolonged seizures Adequate seizuresMissed/inadequate seizures

Figure 1 :Incidence of prolonged, adequate and missed
seizures in the patients undergoing ECT

ECT seizures
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Table 3. Incidence of prolonged and adequate seizures detected by both EEG &

motor criteria and by EEG criteria alone in ECT

Prolonged seizures Adequateseizures

Frequency Percentage (%) Frequency Percentage (%)

Detected by
motor & EEG

criteria
15 62.5 149 93.71

Detected by
EEG criteria

alone
9 37.5 10 6.29

Total 24 100.00 159 100.00

Fisher’s exact test, p-value <0.0001

Incidence of prolonged and adequate seizures detected by both EEG criteria &

motor criteria and by EEG criteria alone in ECT is shown in Table 3 and figure 2. Out

of the 24 prolonged seizures in ECT, about 15 (62.5%) prolonged seizures were

detected by both EEG & motor criteria and 9 (37.5%) prolonged seizures were

detected by EEG criteria alone. Among adequate seizures, 149 (93.71%) were

detected by both EEG & motor criteria and 10 (6.29%) were detected by EEG criteria

alone. Fisher’s exact test gives a p-value <0.0001 which is significant (p<0.05).

62.50%

37.50%
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6.29%

0.00%
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60.00%

80.00%

100.00%

Detected by  EEG &
motor criteria

Detected by EEG criteria
alone

Figure 2 : Incidence of prolonged and adequate seizures detected
by both EEG & motor criteria and by EEG criteria alone in

ECT

Prolonged
seizures

Adequate
seizures
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Table 4: Incidence of prolonged ECT seizures in different ECT sessions

ECT session
ECT Frequency Percentage of

prolonged
seizures(%)Total Prolonged seizures

First ECT 41 9 21.95

Second ECT 45 5 11.11

Third and
subsequent
ECT

130 10 7.69

Total 216 24 11.11

Chi-Square test = 6.417, p-value = 0.04

Table 4 and figure 3 show the incidence of prolonged ECT seizures which

were observed in relation to the number of ECT sessions. A total of 41 first ECT

sessions were observed, 45 second ECT sessions and 130 third and subsequent ECT

sessions.Among the first ECT sessions, the incidence of prolonged seizures was 9

(21.95%), in the second ECT sessions it was 5 (11.11%) and 10(7.69%) in the third

and subsequent ECT sessions.

Chi-Square test for independence of variables = 6.417 with a p-value = 0.04 which is

significant (p<0.05).

21.95%

11.11%

7.69%

0.00%

5.00%

10.00%

15.00%

20.00%

25.00%

First ECT
session

Second ECT
session

Third and
subsequent

sessions

Figure 3: Incidence of prolonged seizures in different ECT
sessions

Prolonged seizures
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Table 5: Incidence of prolonged seizures in patients undergoing ECT among

different psychiatric diagnoses

Diagnosis
ECT Frequency Percentage of prolonged

seizures (%)Total Prolonged

Psychosis 112 11 9.82

Mania 68 10 14.70

Depression 36 3 8.57

Total 216 24 11.11

Chi- square test value =1.360 , p value = 0.507

Table 5 and figure 4 show the incidence and percentage of prolonged ECT

seizures according to the various psychiatric diagnosis classified. Psychosis had 11

prolonged seizures out of 112 amounting to 9.82%,mania had about 10 prolonged

seizures out of 68 amounting to 14.70% and depression had 3 prolonged seizures out

of 36 amounting to 8.57%.

Chi- square test value = 1.360 with a p-value = 0.507 which is not statistically

significant (p>0.05).

9.82%

14.70%

8.57%

0.00%

2.00%

4.00%

6.00%

8.00%

10.00%

12.00%

14.00%

16.00%

Psychosis Mania Depression

Figure 4:Incidence of prolonged seizures in patients undergoing
ECT among different psychiatric diagnoses
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Table 6: Comparison ofgender in prolonged seizures in ECT

Gender ECT frequency Percentage of prolonged

seizures (%)Total Prolonged seizures

Male 124 14 11.29

Female 92 10 10.86

Total 216 24 11.11

Fisher’s exact test, p value = 1.0

Table 6 and figure 5 show gender wise statistics for Adequate and prolonged

seizures. Prolonged seizures were noted in 14 out of 124 ECTs in males (11.29%) and

10 out of 92 ECTs in females (10.86%). Fisher’s exact test p-value =1.0 which is not

statistically significant (p>0.05).
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Figure 5: Comparison of gender in prolonged seizures in ECT
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TABLE 7 : Comparison of BMI in prolonged seizures in ECT

BMI (Body-Mass

Index)

ECT Frequency Percentage of prolonged

seizures (%)Total Prolonged seizures

Normal 135 14 10.44

Overweight 61 10 16.39

Others 20 0 0.00

Total 216 24 11.11

Chi-square test = 4.298, p-value = 0.117

Table 7 and figure 6 show the comparison of BMI in prolonged seizures in ECT.

There were a total of 133 ECTs in normal, 62 ECTs in overweight and 20 ECTs in

others categorized by BMIout of 216 ECTs in the study. Prolonged seizures were

noted among 14 of the normal and 10 of the overweight individuals amounting to

10.52% and 16.12% for their respective groups. There were no prolonged seizures in

the others category.Chi-square test value = 4.298, p-value = 0.117 which is not

significant (p>0.05).
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Figure 6: Comparison of BMI in prolonged seizures in ECT
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Table 8: Comparison of prolonged seizures in ECT in patients receiving lithium

carbonate and patients not receiving lithium carbonate

ECT Frequency Percentage of

prolonged seizures (%)Total seizures Prolonged seizures

Patients on
lithium

carbonate

46 6 11.59

Patients not on
lithium

carbonate

170 18 13.04

Total 216 24 11.11

Fisher’s exact test p-value = 0.604

Table 8 and figure 7 show the comparison of prolonged seizures in ECT in patients

receiving lithium and not receiving lithium. The study had about 46 ECTs in

patientsreceiving lithium and 170 ECTs in patientsnot receiving lithium out of 216

ECTs.Out of the lithium receiving group,6 (13.04%) ECTs had prolonged seizures,

and among the non-lithium receiving group about18 (11.59%) ECTs had prolonged

seizures.Fisher’s exact test p-value =0.604 which is not statistically significant

(p>0.05).
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Figure 7:Comparison of prolonged seizures in ECT in patients
receiving  lithium carbonate and patients not receiving lithium

carbonate
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Table 9 : Comparison of prolonged seizures in ECT in patients receiving

clozapine and patients not receiving clozapine

ECT Frequency
Percentage of

prolonged seizures (%)Total seizures Prolonged seizures

Patients receiving

clozapine
12 3 25

Patients not

receiving clozapine
204 21 10.29

Total
216 24

Fisher’s exact test p-value=0.135

Table 9 and figure 8 show the comparison of prolonged seizures in ECT in

patients receiving clozapine and patients not receiving clozapine. The study had a

total of about 12 ECTs in patients receiving clozapine and 204 ECTs in patients not

receiving clozapine. About 3 (25%)ECTs had prolonged seizures among the patients

receiving clozapine and 21(10.29%) ECTs had prolonged seizures among the patients

not receiving clozapine. Fisher’s exact testp-value = 0.135 which is not statistically

significant (p>0.05).
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receiving clozapine and patients not receiving clozapine
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Table 10: Incidence of prolonged seizures in ECTin sub-types of Psychosis(total

number of patients with psychosis =112)

Frequency Percentage of

prolonged seizures (%)Total seizures Prolonged seizures

Paranoid

schizophrenia
59 5 9.43 %

Non-paranoid

schizophrenia
28 4 14.28 %

Other psychosis 25 2 8 %

Total 112 11

Chi-square test value = 0.845, p-value = 0.655

Table 10 and figure 9 shows the Incidence of prolonged seizures in ECT in

psychosis sub-types. Out of the 112 ECTs in psychosis group, 59 were given in

paranoid schizophrenia, 28 in non-paranoid schizophrenia and 25 in the others sub-

types. Prolonged seizures were noted in about 5 (9.43%) ECTs of the paranoid

schizophrenia patients followed by 4 (14.28%) ECTs in non-paranoid Schizophrenia

and 2 (8%) among the others sub-types of psychosis. Chi-Square testgives a value =

0.845 with a p-value = 0.655 which is not statistically significant (p>0.05).
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DISCUSSION

Electro-Convulsive Therapy is one of the most important and extensively used

therapeutic interventions in psychiatric treatment. Its benefits, safety and adverse

effects have been well studied in all the years since the treatment has started. The

addition of General Anaesthetics and Skeletal muscle relaxants have resulted in the

improvement of the more serious adverse effects and the overall safety of the

procedure, which is termed as “Modified Electro Convulsive Therapy (MECT)”.6

The study was a cross-sectional observational studyin patients receiving

Modified Electro Convulsive Therapy in the department of Psychiatry, K.L.E.S Dr.

Prabhakar Kore Hospital & MRC, Belagavi which is a tertiary care centre catering to

urban and rural areas around. The patients who were diagnosed with psychiatric

illness according to the Tenth revision of the International Classification of Diseases

and Related Health ProblemsDiagnostic Criteria for Research(ICD-10 DCR) under

the Chapter V:Mental and behavioural disorders (F00-F99) who were advised

Modified Electro Convulsive Therapy and included/excluded as per the criteria

formed the sample participants of the study.

Patients who had a history of seizure disorder were excluded as seizure

threshold and duration of ECT induced seizures may get confounded in such cases.

All modified ECTs were administered using bitemporal, brief-pulse technique

using a standard ECT machine with additional EEG monitoring capability. EEG

monitoring was done using prefrontal-mastoid channels on both sides of the head and

visualized on the monitor included in the ECT machine.

Visual motor convulsions were measured by Adderley& Hamilton’s limb

isolation method by tying a sphygmomanometer cuff to one of the limbs. The cuff

was inflated above the systolic blood pressure to a level sufficient enough to interrupt
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the blood supply and observe for unmodified seizures on the isolated limb without

muscle relaxant effect.

Interpretation of the seizures were done by the ECT practitioner and an

independent observer who record the EEG and motor durations respectively.

Modified ECT was administered to patients using thiopentone sodium(2-5

mg/kg), succinylcholine bromide (1-2mg/kg) and glycopyrrolate bromide (0.2-0.6mg)

while maintaining airway ventilation for pre-oxygenation as well as maintenance of

ventilation during the stage of respiratory paralysis during the procedure. The electric

current was applied using ECT machine with a fixed amplitude of 800mA,pulse width

of 1.5ms and frequency of 125 pps (Pulses per second).

The stimulus dose for first session of this Modified ECT was started with

60mC and observed visually in the isolated limb for motor seizures as well as EEG

characteristics on the monitor and analyzed for seizure adequacy.

The absence of either tonic-clonic convulsions or a typical seizure pattern on

an EEG was considered as a “missed/inadequate seizure”. The patients were re-

stimulated after a period of 45 seconds with next higher dose of electric current in

increments of 60mc until adequate seizures were noted and the electric dose was

considered as “seizure threshold” of the patient. Subsequent ECT sessions were given

based on seizure threshold from previous sessions. Once the seizure stimulation is

adequate, the seizureis monitored by Hamilton’s cuff method for motor characteristics

and EEG characteristics to observe for cessation of the seizure.

If the seizureshad a duration less than 120 seconds with tonic-clonic

convulsions or typical seizure characteristics on EEG, they wereconsidered as

“adequate seizures”.10
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If the seizurescontinued beyond 120 seconds byeither the motor or EEG

criteria, they were considered as “prolonged seizures”.10 An additional dose of

intravenous diazepam 10-20mg or thiopentone sodium (100-200mg) were

administered to terminate the seizuresas soon as they were detected.

Once the seizures were terminated, oxygen ventilation was resumed until the

patients recovered spontaneous breathing and shifted to recovery room later once

recovered from the anaesthesia effects and regained consciousness.

The patients were observed in the recovery room for a period of atleast 1 hour

and if they developed agitation or confusion (post ECT adverse effects) during any of

these periods, it was managed with administration of diazepam 10-20mg

intramuscularly or intravenously.10

This study aims at assessing the incidence rates of prolonged seizures and

adequate seizures detected by EEG monitored simultaneously during ECT. Also the

factors affecting prolonged seizures like ECT session number, BMI, gender,

psychiatric diagnoses and concurrent psychiatric medications detected by EEG

monitoring in these patients who are undergoing Modified Electro Convulsive

Therapy were assessed.

Comparison of sociodemographic profile across the study population:

Table 1 describes the sociodemographic details of the sample of those

included in the study as per the criteria of those receiving modified ECTs.

Age distribution:

The mean age of the sample was 30.6 ± 6.88 years which is not much varied

when compared to Girish (2002) which had a mean age of 29.9±7years,Mayur (1999)

which had a mean age of 29.8 ± 10.8years and Jayaprakash (1998) which had 29.3 ±

10.5 years.12,15,18Whereas it was much higher in western studies such as Benbow
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(2003) which had a mean age of 64.3 ± 19.3 years and Greenberg (1985) had a

median age of 43.5 years with a range of 17 to 83 years.11,14

The majority of them belonged to young adult age group who formed about

78.60% of the total 110 individuals, followed by middle aged adults who formed the

remaining 21.39%. There were no older adults or elderly individuals in this study.

Gender distribution:

Males were the majority among the genders with 60 out of 110 amounting to

54.54% and the remaining 50 (45.46%) to females in this study. Another study

byGirish (2002) had 204 males (51.77%) and 190 females (48.23%),the study by

Jayaprakash (1998) had 85 males (53.79%) and 73 females (46.21%) and the study by

Mayur (1999) had 116 males and females each (50%).12,15,18These were closely within

the gender distribution rate in out study.

While Benbow (2003) had 37% males and 63% females among the 67

individuals who received 95 ECTs.

Geographical and social distribution:

Out of the 110 patients in this study, Rural patients were 59 (53.64%) and

urban patients were 51 (46.36%). It represents the majority rural population which the

hospital provides services to.

Socio-economic status of the 110 patientsin this study were assessed using

Modified B.G.Prasad Classification, January 2019 update and 93 (84.55%) of them

forming the majority belonged to middle class, 8(7.27%) of them belonging to lower

middle class, 7 (6.36%) of them belonging to upper middle class and 2 (1.82%) of

them to upper class.77
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Most of them were Hindu by Religion - 99 (90.0%), followed by Muslims -9

(8.18%) and 2 from the other religions. It corresponds to the Indian population

demographically.

Other studies have not mentioned any data regarding the geographical and

social distribution of their study population.

Incidence of prolonged seizures among patients undergoing ECT

There were 24 ECTs with prolonged seizures out of the 216 ECTs as depicted

in table 2 and figure 1. The incidence rate for prolonged seizures was 11.11% in this

study.

The study by Benbow (2003) in Manchester reported prolonged seizure

incidence to be reported 19% for the ECT sessions. 11

A study in Bangalore by Jayaprakash (1998), had a total of 32 prolonged

seizures out of a total of 158 ECT sessions forming about 20.3% incidence of

prolonged seizures among first ECTs.15

Mayur (1999) had about 38 patients with prolonged seizures out of 232

patients undergoing first ECT session amounting to 16% incidence.18

Another study by Girish (Bangalore,2002) hadabout 91 prolonged seizures out

of 485 patients undergoing first ECT session with an incidence of 18.8%.

An earlier study by Greenberg (1985) in New York which was one of the first

studies assessing the incidence of prolonged seizures was 54 out of 1233 ECTs

amounting to 4.25% incidence. However the study did not have specifically first ECT

sessions as the other studies mentioned above. The lower incidence rate of prolonged

seizures could be due to the effect of reduced seizure duration with increased seizure

threshold in subsequent ECTs after first session and also a higher median age in

Greenberg’s study (1985).14



Discussion

Page 48

The incidence of prolonged ECT seizures in our study for first ECT sessions

also corresponds well with the incidence rates of the studies by Jayaprakash (1998),

Girish (1999), Mayur (2002)at 21.95%.12,15,18 However as our study also looked at the

general incidence of patients undergoing ECT on any session regardless of the

number, the overall incidence came to 11.11%. This is reflective of more incidence of

prolonged seizures among first ECT sessions when compared to the incidence rate in

all sessions combined.

Incidence of prolonged and adequate seizures detected by EEG criteria but not

by motor criteria:

Adequate seizures can be considered as adequate by the presence of either

motor/EEG criteria or both.10 Table 3 and figure 2 show incidence of adequate

seizures in ECT which were detected by EEG criteria but not by motor criteria. About

149 (93.71%) out of a total 159 adequate seizures were detected visually by motor

and EEG criteria. But the remaining 10 (6.29%) of them were detected by observing

EEG criteria exclusively.

This 6.29% is the incidence rate of adequate seizures detected by EEG criteria

that is missed by motor criteria.

Mayur (1999) reported adequate EEG seizures with inadequate motor seizure

criteria in 14 out of the 188 adequate seizures amounting to an incidence rate of

7.44%.18

Similarly Jayaprakash(1998) reported 11 ECTs with adequate EEG seizures

with inadequate motor seizure criteria out of 126 adequate seizures amounting to an

incidence rate of 8.73%.15

Girish(2002) reportedthat 29 of the adequate EEG seizures had inadequate

motor criteria out of a total of 391 with an incidence rate of 7.41%.12
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These studies had used the older Royal College of Psychiatrists criteria (1995)

for defining missed/inadequate seizure which were 15 seconds for tonic-clonic

convulsions and 25 seconds for EEG seizures.

However, our study uses the revised criteria of Royal College of Psychiatrists

and these rates are still closely corresponding to the incidence rate in our study for

ECTs with adequate EEG seizures missed by motor criteria (6.29%). These were

picked up by EEG criteria due to additional EEG monitoring only.

Prolonged seizures were noted in about 24 of the 216 ECTs in the study.

Among these 15 (62.5%) of them were detected by both motor and EEG criteria while

the remaining 9 (37.5%) were detected exclusively by the use of EEG criteria.

Jayaprakash (1998) reported that about 18 of the 32 prolonged seizures in a

total of 158 ECTs were detected exclusively by the use of EEG criteria (56.25%).15

Mayur (1999) reported that about 15 of the 38 prolonged seizures of the total

232 ECTs were detected by the use of EEG criteria exclusively (39.47%).12

Girish (2002) reported that among the 91 prolonged seizures in the study of

485 ECTs, about 32 were detected by EEG criteria exclusively (35.16%).18

These findings are closely corresponding to the rate of prolonged seizures

detected by EEG criteria exclusively in our study which is 37.5%.

Statistical analysis of ECT seizure type (prolonged & adequate) inferred that

there was a significant relationship between ECT seizure type and those seizures

detected by EEG monitoring which were missed by motor criteria (p-value <0.0001).

American Psychiatric Association(2001) and Royal College of Psychiatrists,

UK (2005) in their guidelines strongly recommended EEG monitoring during ECT

practice but have not suggested it as a mandatory practice.10,54



Discussion

Page 50

The results of the study reflect the importance of this additional EEG

monitoring during ECTs.

Incidence of prolonged ECT seizures among different psychiatric diagnoses

Table 5 and figure 4 show the incidence of prolonged ECT seizures among

different psychiatric diagnoses. The highest percentage of prolonged seizures

occurred in patients of mania with 10 (14.70%) out of a total of 68 ECTs, followed by

11 (9.82%) out of 112 ECTsin psychosis and 3 (8.57%) out of 36 ECTs of depression

(Table 5 and Figure 4). Although higher ratewas noted among patients of mania

subtype for prolonged seizures, statistically it was not a significant difference (p-

value= 0.507) with other psychiatric diagnoses.

Earlier data from Girish (2002) suggests that patients with mania had more

rates of prolonged seizures compared to other subtypes of psychiatric illnesses which

was statistically significant.12

The finding in our study despite not having statistical significance is still

reporting higher rate of prolonged seizures among patients of mania. This could be

explained by earlier literature which suggest that there is an inverse relationship

between seizure duration reduces and seizure threshold.78Manic patients were noted to

have low seizure threshold in the study by Coffey et al.,78 this explains the

observation of higher rate of prolonged seizures among patients with mania who have

lower seizure threshold.78–80

Comparison of gender inprolonged seizures in ECT

Table 6 and figure 5 show the comparison of gender in prolonged seizures in

ECT. Out of 216 ECTs,males received 124 ECTs and females received the remaining

92 ECTs. Among which 14 ECTs in males and 10 ECTs in females had prolonged

seizures which amount to 11.29% and 10.86% respectively.
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Fisher’s exact test p-value is equal to1.0,which suggests that there is no

significant association between gender and prolonged seizures (p>0.05). A Study

byGirish (2002) showed 57 prolonged seizures in 204 ECTs in males and 34

prolonged seizures in 190 ECTs in females with a p-value of 0.08 implying no

significant difference in the prolonged seizure rates among the male and female

genders.12,15

Coffey (1995) and Benbow (2003) reported seizure threshold to be higher in

males, but there were no significant difference in their seizure durations.11,78

Incidence of prolonged seizures and Body-mass Index (BMI)

Out of the 216 ECTs in the study, 9 were underweight, 133 were normal, 62

were overweight and 11 were obese individuals. Among these, prolonged seizures

were noted in 14 of the normal and 10 of the overweight individuals amounting to

10.52% and 16.12% respectively. There were no prolonged seizures among the others

(underweight and obese). There was no statistically associationbetween BMI and

prolonged seizures (p-value 0.117). Also there were no prior studies which reported

any positive or negative correlation finding based on BMI.

Incidence of prolonged seizures and concurrent lithium carbonate

administration in ECT

Table 8 and figure 7 show the comparison of incidence of prolonged seizures

in patients receiving lithium carbonate and patients not receiving lithium carbonate.

The study had a total of 46 ECTsin patients receiving on lithium carbonate and

170 ECTs without lithium carbonate.

Out of the lithium receiving group, about 6 of them had prolonged seizures

and 40 of them had adequate seizures with an incidence value of 13.04% which is

almost as much as the incidence of the study overall which was 11.11%.
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Statisticallyas well, lithium carbonate and seizure duration variables weren’t

significantly associated(p-value= 0.604).

Girish (2002) reports trend level significant association between prolonged

seizures and lithium administration (p-value =0.056).12

Royal College of Psychiatrists (2005) recommends that lithium is not a

contraindication for ECT and introduction of lithium reduces the likelihood of the risk

of early relapse after ECT but may cause prolonged seizures and recommends to

maintain and monitor lithium at a lower serum concentration during ECT. Lithium is

also reported to cause lowering of seizure threshold.10 APA (2001) also cautions that

the combination of lithium and ECT should be avoided unless necessary.54,81

Earlier concerns about lithium and ECT were that it could cause prolongation

of the action of neuromuscular blocking agents. However, a study of case reports by

Dolenc and Rasmussen (2005) revealed no significant association between seizure

length duration between lithium and the mean seizure lengths were similar in those

with and without concurrent lithium administration. This study also suggests the

combination of lithium and ECT is safe based on their and other previous studies and

case reports.81

Our study suggests that the lithium receiving patients did not have any

significantly higher rate of prolonged seizures compared with those who did not

receive lithium. However, further studies with larger sample size of those receiving

lithium and not receiving lithium may be done to study the outcome.
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Incidence of prolonged seizures and concurrent Clozapine administration in

ECT

Table 9 and figure 8 show the incidence of prolonged seizures in ECTs

inpatients receiving clozapine and the patients not receiving clozapine. There were a

total of 12 ECTs with concurrent Clozapine use and the rest 204 without it.

Among the clozapine receiving patients about 9 of them had adequate seizure

duration and the remaining 3 had prolonged seizures with an incidence rate of 25%.

However, this high incidence rate was not statistically significant in the

incidence of prolonged seizures due to the low number of ECTs with concurrent

clozapine in the study (p-value= 0.135).

There were no previous studies on prolonged seizures in ECTs for patients

who were on concurrent Clozapine administration. A few of the treatment resistant

Schizophrenia patients undergo maintenance ECTs along with clozapine use due to

poor response to medications alone. Since the number of patients in this study who

had been receiving clozapine were low, the study finding is not generalizable despite

the high rate (25%) of prolonged seizures reported.

Clozapine is known to reduce seizure threshold and may cause prolonged

seizures.10 Although Royal College of Psychiatrists (2005) suggest that can be safely

given in ECT, it warrants further studies to assess the risk of prolonged seizures in

ECT in patients with concurrent clozapine administration.10

Incidence of prolonged seizures and different sub-types of Psychosis

Table 10 and figure 9 show the incidence of prolonged seizures and different

sub-types of psychosis, there were a total of 112 ECTs given to patients of psychosis

in the study, out of which paranoid schizophrenia were about 59 patients, non-

paranoid schizophrenia 28 patients and 25 belonged to other types of psychosis.
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Prolonged seizures were found in about 5(9.43%) of the paranoid

schizophrenia, 4(14.28%) of the non-paranoid schizophrenia and 2(8%) out of the

other psychosis sub-types.

Although there was about 1.5 times the rate of prolonged seizures among non-

paranoid schizophrenia group compared to the other 2 groups, it was not statistically

significant (p-value = 0.655).

Earlier studies had not studied subtypes of psychosis and prolonged seizures

for comparison with this study. However, a larger study size of psychosis patients

with various sub-types can be done to further study whether there is any significant

association between prolonged seizures and specific psychosis sub-types.

Strengths of the Study:

1. The study has used standard guidelines of Modified Electro-Convulsive Therapy

procedure.

2. Additional data were studied apart from the primary objectivessuch as BMI,

psychosis subtypesand their relation to prolonged ECT seizures.

3. Only one site of electrode application was studied i.e. Bitemporal placement. This

makes the study statistics more generalisable without too many dependent

variables involved in analysis.

Limitations:

1. There were concurrent medications such as clozapine used, which needed larger

sample of ECTs in those receiving the drug in order to study its effects on

prolonged seizures in ECT.

2. Effects of different Anaesthetic agents such as propofol could have been studied
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CONCLUSION

Electro Convulsive Therapy is a widely used therapeutic intervention with

history of 80 years and counting period of good rates of successful outcomes in

psychiatric illnesses and other conditions. Innovative techniques to improve the

acceptability, safety, efficacy and to reduce adverse effects and complications

associated with the procedure are being done.

Since a few years of introduction of the procedure,the use of Skeletal Muscle

relaxants,General anaesthetic drugs, Unilateral electrode placement, change in wave-

form of electrical stimulus and other stimulus parameters, spacing the sessions etc.

have all been or being evaluated with greater impact on favourable outcomes.

Studies have shown that inadequate seizures are not effective and prolonged

seizures during ECT are associated with significant adverse effects. Many times both

adequate seizure and prolonged seizures are missed without EEG monitoring during

ECT. Our study brings out the finding that 11.11% of seizures in ECT are prolonged

and about 6.29% of the adequate seizures are detected by EEG monitoring only and

motor observation alone will not suffice.

The study also reports that prolonged seizures were noted to be significantly

higher in the first ECT sessions than 2nd or later sessions.

There were no significant association of prolonged seizures with psychiatric

diagnosis, gender, BMI, sub-types of psychosis or concurrent use of lithium or

clozapine in ECTs.

Overall, this study has shown a significant benefit of using EEG monitoring

along with observation of motor convulsions to detect adequate seizures missed by

motor criteria and also detect the undesirable prolonged seizures for better outcome of

the procedure.
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SUMMARY

 The study was an attempt to assess the overall incidence of prolonged seizures

during modified ECT by EEG monitoring

 The sample size was 216 ECTs among 110 individuals, mean age of the study was

30.6 ± 6.88 years. Majority of them were males 60 (54.54%).

 Majority of the patients were young adults with 85 (77.27%) of them, rural people

with 59 (53.64%) of them, middle class were 93 (84.55%) of them and hindus

were 99 (90%) of them.

 Prolonged seizures were noted in 24 out of 216 ECTs with an incidence rate of

11.11%, out of which 9 were picked up by EEG criteria exclusively. This amounts

to about 37.5% of prolonged seizures would have been missed if EEG monitoring

hadn’t been done.

 The rate of adequate seizures by EEG monitored criteria but inadequate by motor

criteria was about 6.82% which were about 10 cases out of the total 216 samples

studied.

 The rate of prolonged seizures were noted to be significantly higher in the first

ECT sessions than 2nd sessions and subsequent sessions.

 There were no significant association of prolonged seizures with psychiatric

diagnosis, gender, BMI, concurrent use of Lithium or Clozapine in ECTs.

 There were no significant association of prolonged seizures with sub-types of

psychosis.
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ANNEXURE I

INFORMED CONSENT

Title:“INCIDENCE OFPROLONGED MOTOR AND EEG SEIZURES IN

ELECTROCONVULSIVE THERAPY: A 1 YEAR CROSS-SECTIONAL

HOSPITAL BASED STUDY”

Principal Investigator (PI):

Objective/Purpose of the study:You/your relative are/is being requested to be a

subject in a cross-sectional study, the purpose of which is to know incidence of

prolonged seizures in patients receiving ECT by studying them through an EEG

monitored ECT machine in K.L.E.S. Dr. Prabhakar Kore Hospital & Medical

Research Centre, Nehru Nagar, Belagavi-590010conducted between 1stJanuary 2018

and 31stDecember 2018, by Dr.Rama Krishna Vignesh.M, a post graduate student in

the Department of Psychiatry at Jawaharlal Nehru Medical College, KLE University,

Belagavi, Karnataka.

You/your relative have/has been requested to participate in this study as you/your

relative is/are diagnosed with a psychiatric illness which needs intervention called the

ELECTROCONVULSIVE THERAPY, which will be studied so that effective

treatment can be given to not just you/your relative but also other patients in the

future based on the study interpretation once it is done if helpful.

Procedure involved: If you/your relative agree to be a part of the study, the patient

who is undergoing ElectroconvulsiveTherapy will be considered for study. The

patient undergoing the procedure will be stimulated with an electric current using a

standard 4-channel EEG monitored ECT machine and the seizure characteristics of

motor and cerebral seizures are observed and monitored using the same 4-channel
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EEG monitored ECT machine andrestimulation at a higher electrical dose is done if

the seizure characteristics are not therapeutically adequate and the process is repeated

if the criteria is not satisfied for seizure adequacy. The seizure is noted by its

characteristics and deemed adequate and if motor seizures occur for 90 seconds or

more or, if EEG seizures occur for 120 seconds or more theyare immediately

terminated by medications. Seizures which are adequate and below 90 seconds

duration of motor seizure and 120 seconds duration of EEG seizure do not need any

special management and standard protocol for recovery after the procedure is

followed.

Risks and benefits involved:There are no risks involved. During the period of study

which involves undergoing the Electroconvulsive therapy, the existence or

development of any significant findings or complication will be treated by the treating

doctors and information will be given to and consent taken from you/your relative

will be taken for the appropriate action needed if any arise(s).

Alternatives: Your/your relative’s participation in this study is a completely

voluntary decision. If you/your relative do/does not want to be a part of the study,

you/your relative may refuse for the same or if you/your relative are/is already a part

of the study and if you/your relative want/wants to withdraw from the study for any

reason, you/your relative may do so without any hesitation. Discontinuation from the

study for any reason will not affect your/your relative’s current or future relationship

with K.L.E.S Dr. Prabhakar Kore Hospital, Belagavi.

Privacy and confidentiality: The information provided by you/your relative will be

known to the treating doctors and the members of the research team. This information
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will remain confidential and will be disclosed to others only with your/your relative’s

written permission or if required by the law.

Financial incentives for participation: You/your relative will not be paid/offered

any gifts for participation in the research. There will not be any remuneration for

participating in the research and you/your relative will not be reimbursed for any

expenses, such as bus/train travelling /companion/assistant etc.

Authorization to publish results:When the results of the research are to be published

or discussed in conferences by the PI, no information will be disclosed that will reveal

your/your relative’s identity.

If you/your relative have/has any questions about this study, you/your relative may

contact

Dr. Rama Krishna Vignesh., Postgraduate student, Department of Psychiatry,

J.N.M.C, Belagavi;

Dr. N.M.PATIL, Professor and Head, Department of Psychiatry, J.N.M.C, Belagavi;

Dr. Roopa Bellad, Chairman, Institutional Ethical Committee for Human Subjects

Research, Jawaharlal Nehru Medical College, Belgaum, Ph. 0831 2471350. You/your

relative will be given a copy of this consent form for your/your relative’s information

and records.
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STATEMENT OF CONSENT

I/my relative have/has read and have/has completely understood the entire

information given in the consent form, which explains all the details of the study, i.e,

the purpose, procedure involved, risks & benefits, privacy & confidentiality,

incentives and the authorization to publish the results of the study. My/my relative’s

signature in the space provided for signature below indicates that I/my relative

have/has voluntarily agreed to participate in the study. I/my relative may withdraw

my/my relative’s participation for any reason or may be withdrawn by the investigator

from the study for any reason at any time. I/my relative am/is not giving up any of

my/my relative’s legal rights by signing this consent form. I/my relative will be given

a copy of this consent form.

Signature of the participant with date: __________________________________

Name of the participant: __________________________________

Signature of the authorized relative with date:__________________

Name of the authorized relative: __________________________________

His/her relationship to the participant: __________________________________

Signature of the witness with date: _________________________________

Name of the witness: _________________________________

Signature of the Investigator with date: _________________________________
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ANNEXURE II

ETHICAL CLEARANCE LETTER
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STUDY PROFORMA
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“ INCIDENCE OF PROLONGED MOTOR AND EEG SEIZURES IN

ELECTROCONVULSIVE THERAPY : A 1 YEAR CROSS-SECTIONAL

HOSPITAL BASED STUDY”

Date: Time:

IP/OP No: Serial No:

Name:

Age:

Sex: M/F

Religion: Hindu/Muslim/Christian/Others

Marital Status: SINGLE/MARRIED/DIVORCED/WIDOWED

Address/Place:

Socio-economic status:

Informant:

Diagnosis:

Duration of illness:

Past treatment history:

Present treatment history:

General Physical Examination:
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BP:                              PULSE:                         RR:

TEMPERATURE:

Height:                                  Weight:                                  BMI:

Systemic Examination:

CNS:

CVS:

RS:

P/A:

Mental Status Examination:

CONSCIOUSNESS:

ORIENTATION:

MEMORY:

SPEECH:

THOUGHT:

MOOD:

PERCEPTION:

JUDGEMENT:

INSIGHT:

ELECTROCONVULSIVE THERAPY(ECT)
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ECT NO:

ANESTHETIC DRUGS WITH DOSE:

ECT electrical dose - Motor seizure duration EEG seizure duration
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1 F10.2+F12.2+F31.2 27 Young adult HINDU MALE URBAN 3 160 58 22.65625 no yes yes Normal 1 60 94 normal 130
prolongedeeg

seizure
Prolonged either

seizure
125 50

2 F10.2+F20.0 34 Young adult HINDU MALE RURAL 3 167 68 24.38237298 no yes no Normal 2 120 141 prolonged motor 157
prolongedeeg

seizure
Prolonged either

seizure
125 50

3 F20.0 27 Young adult HINDU MALE RURAL 4 160 62 24.21875 no yes no Normal 1 60 54 normal 124
prolongedeeg

seizure
Prolonged either

seizure
125 50

4 F20.0 28 Young adult HINDU MALE URBAN 3 165 68 24.97704316 yes yes no Overweight 35 60 122 prolonged motor 155
prolonged eeg

seizure
Prolonged either

seizure
125 50

5 F20.0 29 Young adult HINDU MALE RURAL 3 167 60 21.51385851 no yes no Normal 4 60 126 prolonged motor 142
prolongedeeg

seizure
Prolonged either

seizure
200 50

6 F20.0 41
middle aged

adult
HINDU FEMALE RURAL 3 158 74 29.64268547 no yes no Overweight 1 120 134 prolonged motor 144

prolongedeeg
seizure

prolonged either
seizure

150 50

7 F20.0 27 Young adult HINDU MALE URBAN 3 170 68 23.52941176 no yes no Normal 1 60 78 normal 130
prolongedeeg

seizure
prolonged either

seizure
125 50

8 F20.3 28 Young adult HINDU MALE URBAN 3 165 68 24.97704316 yes yes no Overweight 34 180 85 normal 126
prolongedeeg

seizure
prolonged either

seizure
125 50

9 f20.3 28 Young adult HINDU MALE URBAN 3 163 70 26.34649403 yes yes no Overweight 36 120 133 prolonged motor 150
prolongedeeg

seizure
prolonged either

seizure
175 50

10 F20.3 33 Young adult HINDU MALE RURAL 3 171 72 24.62296091 no yes no Normal 1 120 138 prolonged motor 155
prolongedeeg

seizure
prolonged either

seizure
150 50

11 F20.3 33 Young adult HINDU MALE RURAL 3 171 72 24.62296091 no yes no Normal 4 120 129 prolonged motor 136
prolongedeeg

seizure
prolonged either

seizure
125 50

12 F25.0 24 Young adult HINDU MALE RURAL 3 152 48 20.77562327 no yes no Normal 1 60 142 prolonged motor 160
prolongedeeg

seizure
prolonged either

seizure
125 50

13 F30.2 45
middle aged

adult
HINDU MALE RURAL 3 159 73 28.87544005 no yes no Overweight 1 60 135 prolonged motor 146

prolongedeeg
seizure

prolonged either
seizure

150 50

14 F31.1 28 Young adult HINDU FEMALE URBAN 3 150 48 21.33333333 no yes yes Normal 8 120 92 normal 132
prolongedeeg

seizure
prolonged either

seizure
100 50

15 F31.1 19 Young adult HINDU MALE RURAL 3 173 65 21.71806609 no yes yes Normal 4 120 138 prolonged motor 150
prolongedeeg

seizure
prolonged either

seizure
125 50

16 F31.1 46
middle aged

adult
HINDU MALE URBAN 3 166 70 25.40281608 no yes yes Overweight 1 60 95 normal 133

prolongedeeg
seizure

prolonged either
seizure

125 50
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17 F31.1 46
middle aged

adult
HINDU MALE URBAN 3 166 70 25.40281608 no yes yes Overweight 3 120 138 prolonged motor 154

prolongedeeg
seizure

prolonged either
seizure

125 50

18 F31.1 45
middle aged

adult
HINDU MALE RURAL 3 159 73 28.87544005 no yes no Overweight 2 60 85 normal 133

prolongedeeg
seizure

prolonged either
seizure

125 50

19 F31.1 45
middle aged

adult
HINDU MALE RURAL 3 159 73 28.87544005 no yes no Overweight 3 60 146 prolonged motor 162

prolongedeeg
seizure

prolonged either
seizure

125 50

20 F31.2 24 Young adult HINDU FEMALE URBAN 3 159 68 26.89767019 no yes no Overweight 3 120 74 normal 128
prolongedeeg

seizure
prolonged either

seizure
125 50

21 F32.2 35 Young adult HINDU MALE RURAL 3 168 64 22.67573696 no no no Normal 2 60 145 prolonged motor 148
prolonged eeg

seizure
prolonged either

seizure
125 40

22 F34.1+F32.3 38
middle aged

adult
HINDU FEMALE URBAN 3 163 62 23.33546614 no yes no Normal 1 60 124 prolonged motor 130

prolonged eeg
seizure

Prolonged either
seizure

100 50

23 F34.1+F32.3 38
middle aged

adult
HINDU FEMALE URBAN 3 163 62 23.33546614 no yes no Normal 2 60 132 prolonged motor 134

prolonged eeg
seizure

Prolonged either
seizure

125 50

24 F31.1 21 Young adult HINDU MALE URBAN 3 168 62 21.96712018 no yes yes Normal 2 180 82 normal 128
prolonged eeg

seizure
prolonged either

seizure
100 30

25 F10.2+F12.2+F31.2 27 Young adult HINDU MALE URBAN 3 160 58 22.65625 no yes yes Normal 2 120 0 normal 74 normal normal 125 50

26 F10.2+F12.2+F31.2 27 Young adult HINDU MALE URBAN 3 160 58 22.65625 no yes yes Normal 3 120 57 normal 68 normal normal 125 50

27 F10.2+F12.2+F31.2 27 Young adult HINDU MALE URBAN 3 160 58 22.65625 no yes yes Normal 4 120 45 normal 58 normal normal 100 30

28 F10.2+F12.2+F31.2 27 Young adult HINDU MALE URBAN 3 160 58 22.65625 no yes yes Normal 6 120 63 normal 82 normal normal 100 30

29 F10.2+F20.0 33 Young adult HINDU MALE RURAL 2 165 69 25.34435262 no yes no Overweight 7 180 57 normal 60 normal normal 100 30

30 F10.2+F20.0 29 Young adult HINDU MALE RURAL 2 168 76 26.92743764 no yes no Overweight 2 120 0 normal 34 normal normal 125 50

31 F10.2+F20.0 29 Young adult HINDU MALE RURAL 2 168 76 26.92743764 no yes no Overweight 3 120 39 normal 39 normal normal 125 50

32 F10.2+F20.0 29 Young adult HINDU MALE RURAL 2 168 76 26.92743764 no yes no Overweight 4 120 44 normal 48 normal normal 125 50

33 F10.2+F20.0 29 Young adult HINDU MALE RURAL 2 168 76 26.92743764 no yes no Overweight 5 120 36 normal 42 normal normal 125 50

34 F10.2+F20.0 34 Young adult HINDU MALE RURAL 3 167 68 24.38237298 no yes no Normal 1 120 45 normal 56 normal normal 125 50

35 F10.2+F20.0 34 Young adult HINDU MALE RURAL 3 167 68 24.38237298 no yes no Normal 3 120 42 normal 47 normal normal 125 50

36 F10.2+F20.0 34 Young adult HINDU MALE RURAL 3 167 68 24.38237298 no yes no Normal 4 180 35 normal 41 normal normal 125 50

37 F10.2+F31.1 37
middle aged

adult
HINDU MALE URBAN 3 169 80 28.01022373 no yes no Overweight 2 60 34 normal 39 normal normal 150 50

38 F20.0 31 Young adult HINDU MALE RURAL 4 164 54 20.07733492 no yes no Normal 3 120 50 normal 50 normal normal 125 50

39 F20.0 31 Young adult HINDU MALE RURAL 4 164 54 20.07733492 no yes no Normal 4 120 54 normal 62 normal normal 125 50

40 F20.0 22 Young adult HINDU FEMALE RURAL 3 155 50 20.81165453 no yes no Normal 6 120 63 normal 67 normal normal 100 50

41 F20.0 38
middle aged

adult
HINDU FEMALE RURAL 3 168 84 29.76190476 no yes no Overweight 3 240 46 normal 59 normal normal 125 50

42 F20.0 22 Young adult HINDU FEMALE URBAN 3 162 82 31.24523701 no yes no Obesity 6 360 42 normal 44 normal normal 150 50

43 F20.0 39
middle aged

adult
HINDU MALE URBAN 3 173 66 22.05219018 no yes no Normal 2 60 73 normal 102 normal normal 125 50

44 F20.0 22 Young adult HINDU FEMALE URBAN 3 144 69 33.27546296 no yes no Obesity 5 120 36 normal 43 normal normal 150 75

45 F20.0 28 Young adult HINDU FEMALE RURAL 3 152 48 20.77562327 no yes no Normal 1 120 49 normal 78 normal normal 100 50

46 F20.0 28 Young adult HINDU FEMALE RURAL 3 152 48 20.77562327 no yes no Normal 2 120 42 normal 50 normal normal 100 30

47 F20.0 28 Young adult HINDU FEMALE RURAL 3 152 48 20.77562327 no yes no Normal 3 120 40 normal 49 normal normal 100 30

48 F20.0 32 Young adult HINDU MALE RURAL 3 172 68 22.98539751 no yes no Normal 1 120 53 normal 56 normal normal 175 50

49 F20.0 32 Young adult HINDU MALE RURAL 3 172 68 22.98539751 no yes no Normal 2 120 60 normal 75 normal normal 125 50

50 F20.0 29 Young adult HINDU MALE RURAL 3 167 60 21.51385851 no yes no Normal 1 60 38 normal 46 normal normal 125 50
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51 F20.0 31 Young adult HINDU FEMALE RURAL 3 150 59 26.22222222 no yes no Overweight 2 120 44 normal 56 normal normal 125 50

52 F20.0 35 Young adult HINDU FEMALE RURAL 3 162 59 22.48132907 no yes no Normal 3 180 58 normal 72 normal normal 100 25

53 F20.0 29 Young adult HINDU MALE RURAL 3 167 60 21.51385851 no yes no Normal 2 60 48 normal 62 normal normal 100 50

54 F20.0 32 Young adult HINDU FEMALE URBAN 3 155 55 22.89281998 no yes no Normal 6 120 47 normal 60 normal normal 100 50

55 F20.0 30 Young adult HINDU FEMALE URBAN 3 159 58 22.94213045 no yes no Normal 1 120 50 normal 62 normal normal 100 50

56 F20.0 30 Young adult HINDU FEMALE URBAN 3 159 58 22.94213045 no yes no Normal 2 180 40 normal 58 normal normal 125 50

57 F20.0 43
middle aged

adult
HINDU FEMALE RURAL 3 145 56 26.63495838 no yes no Overweight 6 120 47 normal 50 normal normal 75 50

58 F20.0 29 Young adult HINDU MALE RURAL 3 167 60 21.51385851 no yes no Normal 5 120 47 normal 64 normal normal 150 50

59 F20.0 22 Young adult HINDU FEMALE RURAL 3 144 69 33.27546296 yes yes no Obesity 11 180 33 normal 45 normal normal 125 50

60 F20.0 24 Young adult HINDU MALE URBAN 3 171 65 22.22906193 no yes no Normal 1 60 50 normal 54 normal normal 150 50

61 F20.0 31 Young adult HINDU FEMALE RURAL 3 150 59 26.22222222 no yes no Overweight 7 120 52 normal 65 normal normal 125 50

62 F20.0 32 Young adult HINDU FEMALE RURAL 3 164 66 24.5389649 no yes no Normal 2 180 61 normal 80 normal normal 125 75

63 F20.0 32 Young adult HINDU MALE RURAL 3 181 78 23.80879705 no yes no Normal 7 180 24 normal 26 normal normal 175 50

64 F20.0 22 Young adult HINDU FEMALE URBAN 3 144 69 33.27546296 no yes no Obesity 15 120 58 normal 74 normal normal 150 50

65 F20.0 32 Young adult HINDU FEMALE URBAN 3 164 66 24.5389649 no yes no Normal 4 180 69 normal 103 normal normal 150 50

66 F20.0 34 Young adult HINDU FEMALE RURAL 3 162 59 22.48132907 no yes no Normal 2 120 46 normal 67 normal normal 125 50

67 F20.0 34 Young adult HINDU FEMALE URBAN 3 162 59 22.48132907 no yes no Normal 3 120 44 normal 58 normal normal 125 50

68 F20.0 34 Young adult HINDU FEMALE RURAL 3 162 59 22.48132907 no yes no Normal 4 120 55 normal 60 normal normal 100 30

69 F20.0 26 Young adult HINDU FEMALE RURAL 3 165 57 20.93663912 no yes no Normal 2 120 34 normal 37 normal normal 100 30

70 F20.0 31 Young adult HINDU MALE RURAL 3 168 78 27.63605442 yes yes no Overweight 26 129 34 normal 34 normal normal 125 50

71 F20.0 26 Young adult HINDU FEMALE RURAL 3 165 57 20.93663912 no yes no Normal 3 120 45 normal 51 normal normal 125 50

72 F20.0 26 Young adult HINDU FEMALE RURAL 3 165 57 20.93663912 no yes no Normal 4 120 42 normal 42 normal normal 125 50

73 F20.0 35 Young adult HINDU MALE RURAL 3 167 82 29.4022733 no yes no Overweight 1 60 45 normal 62 normal normal 150 50

74 F20.0 26 Young adult HINDU MALE URBAN 3 172 67 22.64737696 no yes no Normal 1 60 37 normal 40 normal normal 125 50

75 F20.0 35 Young adult HINDU MALE RURAL 3 167 82 29.4022733 no yes no Overweight 2 60 48 normal 55 normal normal 125 50

76 F20.0 26 Young adult HINDU MALE URBAN 3 172 67 22.64737696 no yes no Normal 2 60 42 normal 44 normal normal 125 50

77 F20.0 35 Young adult HINDU MALE RURAL 3 167 82 29.4022733 no yes no Overweight 3 60 44 normal 52 normal normal 125 50

78 F20.0 26 Young adult HINDU MALE URBAN 3 172 67 22.64737696 no yes no Normal 3 120 35 normal 44 normal normal 125 50

79 F20.0 26 Young adult HINDU MALE URBAN 3 172 67 22.64737696 no yes no Normal 4 120 39 normal 39 normal normal 125 50

80 F20.0 35 Young adult HINDU MALE RURAL 3 167 82 29.4022733 no yes no Overweight 4 120 45 normal 53 normal normal 150 50

81 F20.0 38
middle aged

adult
HINDU MALE RURAL 3 166 64 23.22543185 no yes no Normal 1 120 56 normal 62 normal normal 125 50

82 F20.0 38
middle aged

adult
HINDU MALE RURAL 3 166 64 23.22543185 no yes no Normal 2 120 53 normal 56 normal normal 125 50

83 F20.0 43
middle aged

adult
HINDU MALE RURAL 3 165 73 26.81359045 yes yes no Overweight 26 180 34 normal 41 normal normal 125 50

84 F20.0 38
middle aged

adult
HINDU MALE RURAL 3 166 64 23.22543185 no yes no Normal 2 120 48 normal 52 normal normal 125 50

85 F20.0 38 Young adult HINDU MALE RURAL 3 166 64 23.22543185 no yes no Normal 4 120 37 normal 42 normal normal 125 50

86 F20.0 38
middle aged

adult
HINDU MALE RURAL 3 166 64 23.22543185 no yes no Normal 5 120 38 normal 38 normal normal 125 50

87 F20.0 25 Young adult HINDU MALE URBAN 3 168 71 25.15589569 no yes no Overweight 1 120 52 normal 58 normal normal 125 50

88 F20.3 24 Young adult HINDU MALE RURAL 3 174 55 18.16620425 no yes no Underweight 2 120 57 normal 69 normal normal 125 50

89 F20.3 24 Young adult HINDU MALE RURAL 3 174 55 18.16620425 no yes no Underweight 3 120 29 normal 38 normal normal 125 75
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90 F20.3 48
middle aged

adult
HINDU FEMALE URBAN 3 162 70 26.6727633 no yes no Overweight 9 120 0 normal 57 normal normal 100 30

91 F20.3 33 Young adult HINDU FEMALE RURAL 3 152 74 32.02908587 yes yes no Obesity 10 120 0 normal 22 normal normal 125 50

92 F20.3 33 Young adult HINDU FEMALE RURAL 3 152 74 32.02908587 yes yes no Obesity 11 120 19 normal 21 normal normal 125 50

93 F20.3 31 Young adult HINDU MALE RURAL 2 168 68 24.09297052 no yes no Normal 4 120 30 normal 43 normal normal 150 50

94 F20.3 29 Young adult HINDU MALE URBAN 3 180 103 31.79012346 no yes no Obesity 6 120 50 normal 66 normal normal 150 50

95 F20.3 35 Young adult HINDU FEMALE RURAL 3 162 59 22.48132907 no yes no Normal 4 180 49 normal 55 normal normal 125 50

96 F20.3 23 Young adult HINDU MALE RURAL 2 170 57 19.72318339 no yes no Normal 6 240 36 normal 44 normal normal 150 50

97 F20.3 29 Young adult HINDU MALE URBAN 3 180 103 31.79012346 no yes no Obesity 7 120 58 normal 72 normal normal 200 75

98 F20.3 36
middle aged

adult
HINDU MALE URBAN 3 167 73 26.17519452 yes yes no Overweight 1 120 56 normal 68 normal normal 125 50

99 F20.3 36
middle aged

adult
HINDU MALE URBAN 3 167 73 26.17519452 yes yes no Overweight 2 120 48 normal 65 normal normal 125 50

100 F20.3 36
middle aged

adult
HINDU MALE URBAN 3 167 73 26.17519452 yes yes no Overweight 3 120 46 normal 51 normal normal 100 30

101 F20.3 36
middle aged

adult
HINDU MALE URBAN 3 167 73 26.17519452 yes yes no Overweight 4 120 44 normal 44 normal normal 125 50

102 F20.3 38
middle aged

adult
HINDU FEMALE RURAL 3 156 54 22.18934911 no yes no Normal 3 120 33 normal 33 normal normal 125 50

103 F20.3 38
middle aged

adult
HINDU FEMALE RURAL 3 156 54 22.18934911 no yes no Normal 4 120 35 normal 39 normal normal 125 50

104 F20.3 38
middle aged

adult
HINDU FEMALE RURAL 3 156 54 22.18934911 no yes no Normal 5 120 33 normal 35 normal normal 125 50

105 F20.3 33 Young adult HINDU FEMALE RURAL 3 161 59 22.76146754 no yes no Normal 1 60 0 normal 33 normal normal 125 50

106 F20.3 33 Young adult HINDU FEMALE RURAL 3 161 59 22.76146754 no yes no Normal 2 120 35 normal 46 normal normal 125 50

107 F20.3 33 Young adult HINDU FEMALE RURAL 3 161 59 22.76146754 no yes no Normal 3 120 31 normal 31 normal normal 125 50

108 F20.3 33 Young adult HINDU FEMALE RURAL 3 161 59 22.76146754 no yes no Normal 4 120 36 normal 40 normal normal 125 50

109 F20.3 33 Young adult HINDU MALE RURAL 3 171 72 24.62296091 no yes no Normal 3 120 56 normal 98 normal normal 125 50

110 F20.3 32 Young adult HINDU FEMALE URBAN 3 162 68 25.91068435 no yes no Overweight 1 120 42 normal 47 normal normal 125 50

111 F20.3 32 Young adult HINDU FEMALE URBAN 3 162 68 25.91068435 no yes no Overweight 2 120 37 normal 41 normal normal 125 50

112 F22.0 33 Young adult HINDU MALE URBAN 1 170 66 22.83737024 no no no Normal 3 120 46 normal 57 normal normal 125 50

113 F25.0 24 Young adult HINDU MALE URBAN 3 152 48 20.77562327 no yes no Normal 3 120 45 normal 56 normal normal 175 50

114 F28 31 Young adult HINDU MALE RURAL 4 157 45 18.25631871 no yes no Underweight 3 60 21 normal 22 normal normal 100 30

115 F28 31 Young adult HINDU MALE RURAL 3 165 66 24.24242424 no no no Normal 1 120 67 normal 70 normal normal 125 50

116 F28 31 Young adult HINDU MALE RURAL 3 165 66 24.24242424 no no no Normal 2 120 24 normal 39 normal normal 125 50

117 F28 31 Young adult HINDU MALE RURAL 3 165 66 24.24242424 no no no Normal 3 120 49 normal 53 normal normal 125 50

118 F30.1 31 Young adult HINDU FEMALE RURAL 4 167 52 18.64534404 no yes yes Normal 1 60 25 normal 25 normal normal 100 50

119 F30.1 31 Young adult HINDU FEMALE RURAL 4 167 52 18.64534404 no yes yes Normal 2 120 23 normal 28 normal normal 100 50

120 F30.1 31 Young adult HINDU FEMALE RURAL 4 167 52 18.64534404 no yes no Normal 3 120 0 normal 24 normal normal 100 50

121 F30.2 19 Young adult HINDU MALE URBAN 3 169 84 29.41073492 no yes no Overweight 6 360 23 normal 27 normal normal 250 50

122 F30.2 31 Young adult HINDU FEMALE RURAL 4 167 52 18.64534404 no yes no Normal 4 120 26 normal 30 normal normal 100 50

123 F31.1 29 Young adult HINDU FEMALE URBAN 2 157 63 25.5588462 no yes yes Overweight 1 60 34 normal 43 normal normal 125 50

124 F31.1 24 Young adult HINDU MALE URBAN 2 169 70 24.50894577 no yes no Normal 6 60 42 normal 52 normal normal 125 50

125 F31.1 24 Young adult HINDU MALE URBAN 2 169 70 24.50894577 no yes no Normal 7 60 52 normal 55 normal normal 125 50

126 F31.1 24 Young adult HINDU MALE URBAN 2 169 70 24.50894577 no yes no Normal 8 120 48 normal 60 normal normal 125 50

127 F31.1 42
middle aged

adult
HINDU MALE URBAN 3 163 48 18.06616734 no yes yes Underweight 12 120 45 normal 67 normal normal 125 50
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128 F31.1 30 Young adult HINDU MALE RURAL 3 173 65 21.71806609 no yes yes Normal 2 120 38 normal 50 normal normal 150 50

129 F31.1 19 Young adult HINDU MALE RURAL 3 173 65 21.71806609 no yes yes Normal 3 120 40 normal 46 normal normal 125 50

130 F31.1 19 Young adult HINDU MALE RURAL 3 173 65 21.71806609 no yes yes Normal 5 120 70 normal 98 normal normal 100 50

131 F31.1 20 Young adult HINDU MALE RURAL 4 162 63 24.00548697 no yes no Normal 5 180 0 normal 23 normal normal 125 30

132 F31.1 31 Young adult HINDU FEMALE RURAL 3 161 58 22.37567995 no yes yes Normal 2 120 65 normal 78 normal normal 125 50

133 f31.1 35 Young adult HINDU FEMALE URBAN 3 163 65 24.4646016 no yes yes Normal 2 120 29 normal 39 normal normal 125 50

134 F31.1 35 Young adult HINDU FEMALE URBAN 3 163 65 24.4646016 no yes yes Normal 3 180 39 normal 52 normal normal 125 50

135 F31.1 21 Young adult HINDU MALE RURAL 3 159 62 24.52434635 no yes no Normal 1 60 66 normal 92 normal normal 125 50

136 F31.1 46
middle aged

adult
HINDU MALE URBAN 3 166 70 25.40281608 no yes yes Overweight 2 60 77 normal 92 normal normal 125 50

137 F31.1 46
middle aged

adult
HINDU MALE URBAN 3 166 70 25.40281608 no yes yes Overweight 4 120 52 normal 64 normal normal 100 30

138 F31.1 32 Young adult HINDU MALE RURAL 3 172 67 22.64737696 no yes yes Normal 1 60 45 normal 57 normal normal 125 50

139 F31.1 32 Young adult HINDU MALE URBAN 3 172 67 22.64737696 no yes yes Normal 2 60 62 normal 78 normal normal 125 50

140 F31.1 32 Young adult HINDU MALE URBAN 3 172 67 22.64737696 no yes yes Normal 3 120 53 normal 53 normal normal 125 50

141 F31.1 32 Young adult HINDU MALE URBAN 3 172 67 22.64737696 no yes yes Normal 4 120 46 normal 55 normal normal 125 50

142 F31.1 32 Young adult HINDU MALE RURAL 3 169 73 25.55932916 no yes no Overweight 1 60 36 normal 40 normal normal 125 50

143 F31.1 32 Young adult HINDU MALE RURAL 3 169 73 25.55932916 no yes no Overweight 2 60 42 normal 56 normal normal 125 50

144 F31.1 32 Young adult HINDU MALE RURAL 3 169 73 25.55932916 no yes no Overweight 3 120 34 normal 37 normal normal 125 50

145 F31.1 32 Young adult HINDU MALE RURAL 3 169 73 25.55932916 no yes no Overweight 4 120 39 normal 41 normal normal 125 50

146 F31.2 25 Young adult HINDU FEMALE URBAN 1 177 63 20.10916403 no yes yes Normal 6 120 43 normal 58 normal normal 125 50

147 F31.2 24 Young adult HINDU MALE RURAL 3 145 50 23.78121284 no yes no Normal 4 180 20 normal 42 normal normal 125 50

148 F31.2 25 Young adult HINDU MALE URBAN 3 167 63 22.58955144 no yes no Normal 3 180 26 normal 32 normal normal 125 50

149 F31.2 34 Young adult HINDU MALE RURAL 3 159 61 24.12879237 no yes no Normal 6 240 33 normal 36 normal normal 175 50

150 F31.2 25 Young adult HINDU MALE URBAN 3 167 63 22.58955144 no yes yes Normal 4 240 24 normal 32 normal normal 150 50

151 F31.2 26 Young adult HINDU MALE RURAL 3 165 53 19.46740129 no yes yes Normal 1 120 40 normal 47 normal normal 175 50

152 F31.2 27 Young adult HINDU MALE URBAN 3 174 54 17.83590963 no yes yes Underweight 3 120 48 normal 50 normal normal 175 50

153 F31.2 29 Young adult HINDU MALE RURAL 3 168 72 25.51020408 no yes yes Overweight 1 60 0 normal 78 normal normal 100 30

154 F31.2 29 Young adult HINDU MALE RURAL 3 168 72 25.51020408 no yes yes Overweight 2 60 56 normal 56 normal normal 100 30

155 F31.2 29 Young adult HINDU MALE RURAL 3 168 72 25.51020408 no yes yes Overweight 3 120 45 normal 47 normal normal 125 50

156 F31.2 22 Young adult HINDU FEMALE RURAL 3 159 54 21.35991456 no yes yes Normal 1 60 45 normal 45 normal normal 100 50

157 F31.2 22 Young adult HINDU FEMALE RURAL 3 159 54 21.35991456 no yes yes Normal 2 60 48 normal 55 normal normal 100 50

158 F31.2 22 Young adult HINDU FEMALE RURAL 3 159 54 21.35991456 no yes yes Normal 3 60 47 normal 50 normal normal 100 50

159 F31.2 22 Young adult HINDU FEMALE RURAL 3 159 54 21.35991456 no yes yes Normal 4 60 39 normal 44 normal normal 125 50

160 F31.2 27 Young adult HINDU FEMALE URBAN 3 164 72 26.76977989 no yes no Overweight 3 120 41 normal 45 normal normal 125 50

161 F31.2 23 Young adult HINDU MALE URBAN 3 169 68 23.80869017 no yes yes Normal 4 120 43 normal 50 normal normal 125 50

162 F31.4 26 Young adult HINDU FEMALE RURAL 3 149 35 15.76505563 no yes no Underweight 1 60 39 normal 51 normal normal 100 50

163 F31.5 27 Young adult HINDU FEMALE URBAN 3 164 72 26.76977989 no yes no Overweight 1 60 45 normal 45 normal normal 125 50

164 F31.5 27 Young adult HINDU FEMALE URBAN 3 164 72 26.76977989 no yes no Overweight 2 60 49 normal 51 normal normal 125 50

165 F31.5 27 Young adult HINDU FEMALE URBAN 3 164 72 26.76977989 no yes no Overweight 4 120 35 normal 41 normal normal 125 50

166 F32.2 38
middle aged

adult
HINDU FEMALE URBAN 3 167 64 22.94811574 no yes no Normal 10 60 47 normal 62 normal normal 175 50

167 F32.2 34 Young adult HINDU FEMALE URBAN 3 152 45 19.47714681 no yes no Normal 2 60 34 normal 34 normal normal 100 50

168 F32.2 48 middle aged HINDU FEMALE URBAN 3 163 68 25.59373706 no yes no Overweight 1 60 53 normal 72 normal normal 125 50
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adult

169 F32.2 20 Young adult HINDU FEMALE RURAL 3 167 52 18.64534404 no no no Normal 1 60 28 normal 40 normal normal 100 50

170 F32.2 20 Young adult HINDU FEMALE RURAL 3 167 52 18.64534404 no no no Normal 2 60 24 normal 26 normal normal 100 50

171 F32.2 20 Young adult HINDU FEMALE URBAN 3 167 52 18.64534404 no no no Normal 3 120 26 normal 32 normal normal 125 50

172 F32.2 20 Young adult HINDU FEMALE URBAN 3 167 52 18.64534404 no yes no Normal 4 120 32 normal 34 normal normal 125 50

173 F32.2 32 Young adult HINDU MALE URBAN 3 172 69 23.32341806 no no no Normal 1 120 36 normal 42 normal normal 125 50

174 F32.2 32 Young adult HINDU MALE RURAL 3 172 69 23.32341806 no no no Normal 2 120 34 normal 34 normal normal 125 50

175 F32.2 32 Young adult HINDU MALE RURAL 3 172 69 23.32341806 no no no Normal 3 120 38 normal 42 normal normal 125 50

176 F32.2 32 Young adult HINDU MALE RURAL 3 172 69 23.32341806 no no no Normal 4 120 33 normal 36 normal normal 125 50

177 F32.3 34 Young adult HINDU FEMALE URBAN 3 152 45 19.47714681 no yes no Normal 1 60 32 normal 32 normal normal 100 30

178 F32.3 34 Young adult HINDU FEMALE URBAN 3 152 45 19.47714681 no yes no Normal 3 60 15 normal 29 normal normal 125 50

179 F32.3 38
middle aged

adult
HINDU MALE URBAN 3 164 65 24.1671624 no yes no Normal 4 120 39 normal 50 normal normal 150 50

180 F32.3 37
middle aged

adult
HINDU FEMALE URBAN 3 157 72 29.21010994 no yes no Overweight 5 120 48 normal 52 normal normal 125 50

181 F32.3 32 Young adult HINDU FEMALE URBAN 3 155 55 22.89281998 no yes no Normal 7 120 57 normal 65 normal normal 125 50

182 F32.3 34 Young adult HINDU MALE URBAN 3 169 74 25.90945695 no no no Overweight 1 60 74 normal 100 normal normal 125 50

183 F32.3 34 Young adult HINDU MALE URBAN 3 169 74 25.90945695 no no no Overweight 2 60 56 normal 67 normal normal 125 50

184 F32.3 34 Young adult HINDU MALE URBAN 3 169 74 25.90945695 no no no Overweight 3 60 62 normal 67 normal normal 125 50

185 F32.3 34 Young adult HINDU MALE URBAN 3 169 74 25.90945695 no no no Overweight 4 120 46 normal 48 normal normal 125 50

186 F32.3 28 Young adult HINDU FEMALE RURAL 3 166 51 18.507766 no no Yes Normal 3 120 34 normal 41 normal normal 125 50

187 F32.3 26 Young adult HINDU FEMALE RURAL 3 163 62 23.33546614 no yes no Normal 1 60 23 normal 26 normal normal 125 50

188 F34.1+F32.2 36
middle aged

adult
HINDU FEMALE URBAN 3 162 55 20.95717116 no yes no Normal 2 120 43 normal 52 normal normal 100 30

189 F34.1+F32.2 36
middle aged

adult
HINDU FEMALE URBAN 3 162 55 20.95717116 no yes no Normal 3 120 41 normal 42 normal normal 100 30

190 F34.1+F32.3 37
middle aged

adult
HINDU FEMALE RURAL 3 152 75 32.46191136 no yes no Obesity 4 180 40 normal 42 normal normal 100 40

191 F34.1+F32.3 37
middle aged

adult
HINDU FEMALE RURAL 3 152 75 32.46191136 no yes no Obesity 7 180 40 normal 53 normal normal 125 50

192 F34.1+F32.3 38
middle aged

adult
HINDU FEMALE URBAN 3 163 62 23.33546614 no yes no Normal 3 60 62 normal 68 normal normal 125 50

193 F34.1+F32.3 38
middle aged

adult
HINDU FEMALE URBAN 3 163 62 23.33546614 no yes no Normal 4 120 47 normal 47 normal normal 125 50

194 F53.1 25 Young adult HINDU FEMALE RURAL 3 165 60 22.03856749 no yes no Normal 7 240 29 normal 38 normal normal 125 50

195 F53.1 24 Young adult HINDU FEMALE URBAN 3 150 68 30.22222222 no yes no Obesity 2 60 48 normal 59 normal normal 250 40

196 F53.1 25 Young adult HINDU FEMALE URBAN 3 162 63 24.00548697 no yes no Normal 2 60 56 normal 60 normal normal 100 50

197 F53.1 25 Young adult HINDU FEMALE URBAN 3 162 63 24.00548697 no yes no Normal 3 60 55 normal 60 normal normal 75 25

198 F20.0 21 Young adult MUSLIM MALE RURAL 3 168 84 29.76190476 no yes no Overweight 4 240 51 normal 51 normal normal 150 50

199
F20.0 +F10.2+

F12.2
26 Young adult MUSLIM MALE URBAN 3 169 62 21.70792339 no yes no Normal 1 120 35 normal 39 normal normal 125 50

200 F20.0+F10.2+F12.2 26 Young adult MUSLIM MALE URBAN 3 169 62 21.70792339 no yes no Normal 2 120 53 normal 55 normal normal 150 50

201 F20.0+F10.2+F12.2 26 Young adult MUSLIM MALE URBAN 3 169 62 21.70792339 no yes no Normal 3 120 48 normal 57 normal normal 125 40

202 F28 26 Young adult MUSLIM MALE RURAL 4 155 43 17.89802289 no yes no Underweight 3 120 62 normal 68 normal normal 100 30

203 F28 26 Young adult MUSLIM MALE RURAL 4 155 43 17.89802289 no yes no Underweight 4 120 59 normal 61 normal normal 100 30

204 F30.1 23 Young adult MUSLIM FEMALE RURAL 4 146 38 17.82698442 no yes no Underweight 1 120 54 normal 78 normal normal 150 50

205 F31.1 40 middle aged MUSLIM FEMALE RURAL 4 146 42 19.7035091 no yes yes Normal 3 120 43 normal 43 normal normal 100 30
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adult

206 F31.1 40
middle aged

adult
MUSLIM FEMALE RURAL 4 146 42 19.7035091 no yes yes Normal 4 180 34 normal 36 normal normal 100 50

207 F31.1 40
middle aged

adult
MUSLIM FEMALE RURAL 4 146 42 19.7035091 no yes yes Normal 5 180 0 normal 16 normal normal 100 40

208 F31.1 19 Young adult MUSLIM MALE URBAN 3 173 63 21.0498179 no yes yes Normal 6 120 66 normal 92 normal normal 125 40

209 F31.2 22 Young adult MUSLIM MALE URBAN 3 173 63 21.0498179 no yes yes Normal 3 60 61 normal 61 normal normal 175 30

210 F31.2 24 Young adult MUSLIM FEMALE RURAL 3 153 65 27.76709812 no yes yes Overweight 9 240 0 normal 22 normal normal 150 50

211 f31.2 19 Young adult MUSLIM MALE URBAN 3 173 63 21.0498179 no yes yes Normal 9 180 76 normal 92 normal normal 150 50

212 F31.4 38
middle aged

adult
MUSLIM MALE URBAN 3 165 75 27.54820937 no yes no Overweight 6 60 38 normal 43 normal normal 125 50

213 F20.0 45
middle aged

adult
OTHER FEMALE RURAL 3 157 64 25.96454217 no yes no Overweight 2 180 36 normal 45 normal normal 200 75

214 F20.0 45
middle aged

adult
OTHER FEMALE RURAL 3 157 64 25.96454217 no yes no Overweight 3 120 39 normal 43 normal normal 175 50

215 F20.0 45
middle aged

adult
OTHER FEMALE RURAL 3 157 64 25.96454217 no yes no Overweight 6 120 43 normal 52 normal normal 175 50

216 F32.2 44
middle aged

adult
OTHER FEMALE URBAN 2 165 60 22.03856749 no no no Normal 4 120 49 normal 51 normal normal 175 50
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