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Abstract

Heart diseases has become one of most commen disegses in our time and as the rime
pass by, & major increass n people that suller from heart disepses, like ventricular
fibrillation, ventricular tachveardia, atrial Sbrillation. and at«al flatter .

So we decided in this projeet to design a device which (real heart diseases this
deviee is called "delibrillator” ity used o apply 4 strong electrical shock to the heart
musele undergoing & fatal arrhythmia the shocks can restore normal heart shvthms
betore the malfunctioning heant suffers sudden cardiae arrest. a seizore than can lead
to death within minutes,

In certain types of arrhythmia the patient's ventricles maintain their ability to pump
blood, as evidenced by (he existence of an B wave fearure in the ECG wavelorm.
hese amrhythmias are also correctable by electrical shock to the heart, but it is necessary
to avaid delivering the shock during the ventriclesy/refractory period (the 7 wave of the
ECG waveform),. The shock is usually ttme Lo gq:uu_r approximately 30 microsecond
after the A wave peak. . Hurnan operator cannol be trusted to time the ECG wavelorm
properly o voud this problem, so the avtomatic electronic circult 15 used A machine
cyuipped with synchronized circuit is called a cardioverter,

This device will design it into a training ¥it, in order to consummate advantage for
student's , by simplifving this device into main parts and presentment the job of each
parl cqually,
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Chapter one

Introduction

1.1 Introduction :

A Defibrliztor is Device that used to apnly a siong elecirical shock to the hean
muscle undergoing a fatal arthyihmia, the shocks can Tesiore normal heart rhythms
sefare the malfunctioning heart sulfers sudden cardiae arrest, a seizure than can lead 10
death within minules

These arhythmias are also corrostable by electncal shock 10 the heart, bul it is
necessary to avoid delivering the shock durimg the ventricles' refractory nenod (the T wave
of the ECG wavaform). or the shock i~tended to correet the problem will oreate a nmch
e senous arthvihmin such as venfricular fibrillation, The ghock s usually time 1o
secur approximately 30 microsecond after the R wave peak .

Human operator cannol be trusied o lme the ECG wavelorm properly to void this
problem.so the automatic electromie circult s used A muchine eguipped wilh
synchronized cireuit 1s ¢ alied o synchronized defibriliator.

iz project bas the purpose i@ design all cireuits for ssmchronized defibriliaier and
ECG device .




1.2 Project ohjectives:
The main objectives of Lhis project are ;

» Toswmdythe physiology of the Heart and (he disease
*  Design and implementation synchronizing defibrillaior as training kit .
*  Desigm and implementation ECG device.

1.3 What is the importance of the projeet ?

[t is undenizble that nowadays people are more aware of the health conditions.
One of the most widely nsed methods to support life .

Our project is very important, because it add & new tachnique in biomedical lsh in
Palestine polyviachiic universicy

‘he mmportance of this device comes from the following -

o Simple o use.
=  Non invasive technioue ,




1.4 List of Abbreviations:

RCG EleciroCardioGram _
AC Alternating Curret |
D Direct Curret
SA nodcs ) Sinoatnal node
AV node Atriovenineular node
R Resister N
C Capuacitor
W Energy
| VF Venineular Fibrillation
VT Ventricular l'achyeardia
SN ~ Super Ventneular Tachyeardia
AHA | American Heart Assoeistion
| BTE Biphasic Tumncated Fxponential
' ICD Implantable Cardioverter Delibrillawor
 AED Automated External Defibrillator
ACLS | Advanced Cardiac Lifc Supporl
EMT Emergency Medical Technician
LCD Liguid Crystal Displas
SLA ] Sealed Lead Acid

1.5 Time Plan:

Time (Weeks) Aclivates
= | Study Defibrillator phvsiology )
11 Study defibriliator measurements and componants
[ 13 Litersture Review B
14 Design Theory
k5 Thecretical report Ready
16 Dhscussion for Project Theory
19 Design the Schematic blovk diagram
- 22 Pourchase Electronic Component lor ﬁngt:c
a0 : Design Hardware Svslem
31 lesting System Performance




1.6 Economical stody :

Component Quantity Cost
] (shegalim)

Solder hoard 1 il

Lm3l1l 11 — | 10
NES35N s 2
IRF2532 | LS
TRF344) 1 15
Capaciiors 15 30
Resistors 3= 4(
Zemerdiode - 2 ’
Tramsistors i 54
Perzonal 350
Instrumentation Amplilicr ADS20 44
1358 i [ 3

Fower supply _ 70

Total TO0

1.7 Projeet content :
Olur report divided into ten section ; these seetions are described as [ollows:

Seetion One: Introduction |

Section Tew : Definition and History of Delianilator.
Section Three : Heart and Arrhythmias .

Section Four : Defibrillator Modes

Section Five : Defibriliator weveform and energy .
Section Six : Uscs ol Defibrillator

Section Seven ; Types ¢l Deribrillator .

Seclion Eight: Testung Detibrillator

Section Nine : Block Diagram and Cirewnl analves,
Sectinm Ten : Testing and implementation.
Section Eleven : Conclusion and Future waorks .




Chapter two

Definition and History of Defibrillator

2.1 Definition:

Deviee thet used to apply a srong electrical shock to fhe heart muscle
andereoing & latal arthythmia. The shock changes ventricular fibrillition to an organized
ventricula rhvthm or chanpes a very rapid and ineffective candrac thyvthm to slower,
more effective thythm., the shocks can resiore normal beart rhvthms hefore the
malfunctioning heart sullers sudden cardiac urrest, 2 seizare than can lzad to death
within ranutes.

2.2 History:

Defihrillation was first demenstrated in 1899 by Prevost and Batell, two
shysiologists from University of Geneva, Switzerland, They discovered that small
slectric shocks could induce ventricular librillation in dogs, and Lhat larger charpes
would reverse the condition

The first use on a human was in 1947 by Claude Beck professor of sergery at
Case Western Reserve University, Beck’s theory was that ventricular libnilation often
securred m hearts which were [undamentally healthy, in his terms "Tleart oo good to
Fie" and that thers must be 2 wav of saving them. Beck first used (he technique
successfully on a 14 vear old hoy who was being operaled on far a congenal chest
Gefect. The boy's chest was surgically opened, and manual cardiac massage was
undertaken for 45 mimies until the arival of the defibrillator. Beck nsed nlemnal
saddles on either side of the heart, along with procaine amide. a heart drug. and
schieved retumn of normal sinus rhythm.

These carly defibrillators used the altemmating cwrrent from a power socker,
ramefarmed from the 1102240 volts available in the line, up to berween 300 and 1000
valts, to the exposed heart by way of 'paddle’ type elecirodes. The technique was often

o
wl




meffective in reverting VF while mamphological studies showad damage to the cells of
the heart muscle post mortem. The nature of the AC machine with a larpe transformer
also made these units very hard to tramsport, and they tended to be large units on wheels
Before 1960ihe defibrillator was ac models applied 5 to & A of 60Hz ac across the
satient’s chest for 250 1o 1000 ms. The success rate for ac defibrillators was useless for
correction & tnal hibmliation.

Until the early 1950s, defibrillation of the heart was possible only when the chest
cavity was ppen during surgery. The tachmigue used an altemating current from 2 300 or

sreater voit source delivered to the sides of the exposel hearl by 'paddle’ elecirodes here
sach electrode was a flat or slightly concave metal plate of about 40 mm diameter,

The closed-chest defibrillator device which applied an alternating current of
gr=ater than 1000 volts, conducted by means of sxternally applisd eisctrodes through the
chest cage to the heart, was pioneerad by Tor V. Fskin with assistance by A, Klimov in
Frunze, USSR m mad 15508

In 1859 Bemard Lawn commeneed research into an altemative technique which
mvolved charging of & bank of capacitors to approximatelv 1000 wolis with an energy
comtent of 100-200 joules then delivenag the charge through an inductance such as tw
produce a heavily damped sinusoidal wave of finite duration (~5 milliseconds) to the
Beart by way of paddle’ electrodes, The work of Lown was takan to clinical application
5% engincer Barouh Bakovits with his "cardiaverter”.

Since 1960, several different DC defibnliators have been devised, These
defibrillators store & DC charge that can be delivered to the patient.

1962 the basic eircuit as 1wl {llustrate posterior weas deseribed first by Garvich
and Yuniech and was later popularized by Dr.Bernard Lewn of Harvard University, who
sse the device clinically.

The damped sine wave defibrillator replaced the simpler altematng current
Secause it produced fewer postshock arrhythmias and less tissue damage than the other
npes of ac defibrillator, Produce many defibrillator with different wave shape. and this
waveform called Lown waveform and 1 will iliustrate it posterior, and afier that the
developed al defibrillator i wavelonm by using the basic circuit and remove or add
somponent. the most common forms of developed wave forms are (Lown, monopulse,
wapered de delay, and trapezoidal wavelorms),




Chapter Three
Heart and Arrhythmias

3.1 Introduction to Heart:

Heart 1s a cardiac muoscle that contract 1o pump the blood through all parts of
body, by the circulatory svstem. So we can see in fig(3.1). that the human heart is
divided intemally into four chambers. Two upper chambers, (the right and left atria)
received blood as 1t retums to the heart. These atna transfer blood to two lower
chambers (the right and left ventricles), which pump blood into major arteries of the
circulatory system. The heart takes its untrue from coronary artery

1.2 Heart Potontial

Your muscles only work when they're sparked by an electnic signal. For most
muscles, the command comes from the bhrain via nerves. Your heart, though, supplies its
own spark. Special areas in the heari called pacemakers generate electric charges every
second that tngger your heart muscle to beat.

The heart pumps blood to the lungs and to all the body's tissues by a sequence of
highly organized contractions of its four chambers. For the heart to functon properly.
the four chambers must beat in an organized manner. This is governed by the electrical
impulse. A chamber of the heart contracts when an electncal impulse or signal moves
scross 1t. Such a signal starts in a small bundle of highly specialized cells located mn
Figure3 2

Interar Viaw of the Heart
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Figi.! ‘View of the heart Firi 2 Electncal Impulse of the heart




Electrical Impulse of the heart the night atfium - — the sinoatrial node  (SA nodel,
250 called the sinus node. A discharge from this natural 'pacemaker” causes the heart tn
seat. This pacemsker penerates elevirical impulses at a given rpate. bul emotional
reactions aod hormional factors can affect its rate of discharge. This allows the heart rate
0 respond to varving demands.

A special group of cells that have the abilily Lo generate clectrizal activity on
Seir own. These cells separate charged particles. Then they spontancously leak certain
charged particles Into the cells. This produces elecirical impulses in the passmaker cells
which spread over the hearl, causing it 10 contract. These cells do this more than once
per second to produce a normal heart beat of 72 beats per minute. The naturs! pacemaker
of the heart is called the Sinoatrial node (SA node). It is located in the Right Atrium. The
“=art also contains specialized fbers that conduet lbe elecirical impulse fom the
pacemakir (SA node) o the rest of the heart (see Figure3.2) .

The elzctrical impulse leaves the SA node (1) and travels o the nehl and Jeft
Atmia, causing them to contract together. This takes .04 sceonds, There is now 2 natural
delay o allow the Atria to contract and the Ventricles 1o fill up with blood. The
slestrival impulse has now traveled to the Alrioventrculzr Node (AV naode) (2). The
siccincal impulse now goes o the Bundle of His (3), then il divides mto the Right and
Lell Bundle Branches (4) where it rapidly spreuds using Purkinie Fibers (3] to the
muscles of the Right and Left Ventricle, causing them W contract 3t the same time,

Any of the elecincal Ussue in loe heart has the ability w0 be 4 pacemaker.
However, the SA node generates an eleciric tnpulse faster than the other fissuc so it is
nonmally 1o control. If the SA node should fail, the other parls of the electrical system
can take over, although usually at a slower rdte,  Although the pacemaker cells create
the stectrical impulse that causes the beart 1o beal, other nerves can change the rate at
which the pacemaker cells [ire and the how srrongly the heart contracts. These nerves
are part of the Autonomie Nervous System. The Autonomic Nervous Svsteim has 2 parls
- lhe Sympatheic Nervous System and the Paresympathetic Nervous Svstem. The
Svmpathetic Nerves increase the heart rate and increase the force of comtraction, The
Parasvmpathetiec Nerves do the opposite.,




3.3 Normal heart rate or pulse:

During cach heartbeat, the muscles of the heart contract causing 2 wave of
pressure which forces blood through the arterics. This wave of pressure is known as a
pulse. There is one pulsation for each heartbeat. The pulse can be felt at vanous points
an the body where the arteries are just under the skin, such as the temples, neck, crook
of the elhow, wrist, groin, back of the knee, and the inside back of the ankle. The normal
pulse rate varies with age. Below is a chart listing the range of heart rates and average
heart rate for various ages With exercise or physical activity, the heart rate increases 1o
supply the muscles with more oxygen o produce extra energy. The heart can beat up to
200 times per minute with extreme exercise. The brain sends nerve signals to the heart to
control the rate. The body also produces chemical hormones, such as adrenaline, which
can change the heart rate. When we are cxcited, scared, or anxious our heart gets a signal
o best faster. During a fever, the heart beals faster to bring more blood 1o the surface of
#he body to release heat and coel the body. The heart rate increases dunng and after a
meal 1o send more blood 1o the digestive syslam.

The heart coniracts (beats) as the electrical impulse moves through it. This
mormally occurs 60 to B0 times a minute when a person is at rest, The atria contract &
split-second before the ventricles. This lets the atria empty their blood into the ventricles

Bafore the ventricles contract.
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3.4 Heart block and Arrhythmias

Arrhvrhmins:

f'nl"'h}'l'z]rria_q (ar dysthythmias) are problems (hat affect the clecirical system of
¢ heart muscle, produsing abnormal heart hythms. They can cause (he heart o pump
=5 cffectively.

Many arrhythmias have no known cause. However, & number of fuctors can
coninbute 0 arrhythmias. They include coronary artery disease, high bloed pressurs,
dishetes, smoking, excessive use of aleshol or caffiine. drug abuse and stress. Certain
suhstances, iecluding some over-the-counter and prescription  medications, cietary

pplements and herbal remedics arc known tor cause arthythmias in some people.

=t R T o Wl — B BT el W

s e LS S
Fig 3.4:5nus HBradveardia 1},

A beart rate of less than 60 beats per minuie is called bradveardia Physically
scbive people often have 4 resting heart rale slower than 60 beats per oinute, For them,
Sus isnt abnormally slow. Bradveardia doesa'l usually reguire traatment unless there are
smilonged or repeated symploms such as fatigue, dizziness. lightheadedness. fainting or
sear-izmung spells. These svmptoms are usually due to insufficient bloed low (o the
smin, Elderly people are more prong to probiems with a slow heart rete. These
Symploms can be trezted ynd, m ceriain cases, can be corrected by implanting an
sectronic pacemaker under e skin to speed up the heart rhythm, when the heart rate

ssomes {oo slow,
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Tachveardia:

Ranid hsart healing, called sachveardia or tachyarrhythmia, can araduce
~aipitations. rapid heart action, chest pain, dizziness, lightheadedness. fainhing or near
Sinting if the heart bears oo fast to Grculate blood effectively. Heartbeats may 03 gither
~eeular or irregular in rhythm.

When repid heart bealing starls is (he venmicles — called ventricular
wchveardia — it can interfere with thie heart's ahility to pump enough blood 10 the brain
wd other vital organs. This dangerous arrhythmia can change without warning into the
mast seriows hean thythm disturbance — ventricular fibrillation, In this. the lower
hambers quiver and the heart can'l pump any bload. Collapse and sudder cardias death
“llow unless medical help is provided immediately.

1# weaiad in tme, ventricular chveardiz and ventricular [Gbrillstion cun be
comverted into normal rhythm with electical shock. Rapid heart beatmg cuan bes
controlled with medications or by identifving and destroymy the focus of rhythm
dismrhances. One effective way to comect these life-threatening rhythms 15 by using an
electronic device called an implantable sardioverter / defibrillator,

Biood clow can form during atal fibrillation, a disprder found n2.2 million
Amaricans. In atrial fibAllation the atria quiver instead ol beating effectively. Blood isn't
sumped completely out of them when the heart beats, so the blood pools and clots,

If part of & blood clot m the atria leaves the heart and lodges in an ariery in the
brain (or leading to it). & stroke ~esulls. About 15 percent of strokes oczur m neople wilh

amal Thnllation.
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Fig 3.5 Venuicular tackveardia 2}




Fibrillation:

Is the repid, irrcoular, and unsynchronized contraction of the muscle fibers of the
heart, There ars two major classes of fibrillation, atrial fibrillation and ventricular
fibrillation.

Atrial  fibrillation can be a chronic condition, wusually rrested with
anticosgulalion and sometimes with conversion to normal sinus rhvihm. In atral
fbrillation, the heart's upper chambers quiver rapidly - or "fibrllate” - at rates of
spproximately 400/minute. This chaolic elecincal rhyvthm. although confined o the
neart’s upper chambers, tie atria, usually has an adverse impact on the lower chambers,
the ventricies, resulting it a fast and frreguiar pulse. Though some npatiants have no
symploms whalsoever from their atrial fibrillation. others may complain ol palpitations,

breathiessness or fatgue

Fig 3.6 ;Atrial finrillation {3

Ventricular fibriliation is rapidly fatal i not reversed by defbrillation.
Sometimes the signal from the heart's upper o lower chambers is impaired or doesn't
transimit. Thigis "heart bloek” or "AW block " This does rint mean that the klood flow ar
blood vessels are blocked,

Fig 3.7: Ventricular fibriliation {4}




Heart block is classified according to the level of impairment — fi-st-depree
Seat Block, second-degres heart hlock or thitd-degree (complere) heart block.

First-degree heart block :

Also called first-degree AV block, is when the electrical impulse maves through
S AV npode more slowly than normal. The time it takes for the impulse to pet from the
=52 1o the ventriciey (the PR interval) should be less than sboul 0.2 seconds, 17 it takes
wnzer than this, il's called first-degree hicart block. Heart rate and rthythm are normal,
and there may be nothing wrong with the heart.

Certain heart medicines such as digitalis can slow conduction of the impulse

Som the atria to the ventricles and cavse firsi-degree AV block. Also. well-irained
&hletes may have il Generally. no treatment is necessary for first-deuree heart block:

Fig 3.8 ; First degree (incomplete) heart block.

second-degree heart hinek :

In this condition, some signels from the atria dont reach the ventricles. This
causes "cropped beats." On an ECG, the P owave isn'l followed by the QRS wave.
Secause the ventricles weren't activated. There are two Lypes:

Type | second-degree heant biock, or Mobitz Tyvpe I, or Wenckebachs AV
block. Electrical impulses are delaved more and more with cach hearlbeat
until @ beat is skipped. This condition 15 not too serious bul sometimes
causes dizziness and/or other symptoms.




- Type Il second-depree heart block, or Mobitz Type Il This is less
common than Tyvpe ] but generally more serious. Because cleclrical
impulses can't reach the ventricles, an sbnormally slow heartbzat may
resull. In some cases a pacemasker is necded.

Fig 3.10: Classical sccond-degree heari biack .

Third-degree or ecomplere heart block :

Complete hean block (complete AV block) means that the heart's electrica!
signal doesnt pass from the upper to the lower chambers, When this ocours, an
mdependent pacemaker in the lower chambers takes over, The venrricles can contract
and pump blood, but at & slower rate than that ¢f the almal pacemaker,

These impulses are called functional er ventricular scope beals, They're usually
very slow and can't generare the signals nesded to maistain full funciioning of the heart
muscle, On the BECG, therz's no normal relationship between the P and the QRS waves,

Complerz heart block is most ollen caused in adults by heart disease or as @ side
effect of drug toxicily, Heart block also can be present at — or even before — birth.
(This 1= called congenital heart dlock.) It also may result from an injury to the clectrical
conduction systern during heart surgery. Complete heart block mav bz a medical
emergency with potentially severe sympitomns and a sgrious risk of cardiac arres (sudden
cardiac death), I¥ a pacemaker can't be implanted immediatelv, g temporary pacemaker
mighl be used to keep rhe heart pumping until

3171 :Thod heart block:
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These rhythm disorders are the consequence of one of two mechanisms:

#) The circus motion;

The concept of the circus motion can be illustrated in the figure 3,12 .

Fig3.12 ;Cucus motion.

As o figure3.12 (a) ring of tissue 15 sumulatad at the pomt indicated by the
srrow, and excitation travels around the ring in hoth directions until the two excitatory
wave fronts encounter each other at bottom of the ring, Since depolarized tissue cannol
Be excited, the stimulus wave front of aetivation is extinguished, This is the usual and
sormal sequence for heart Gssues. In figure 312 (b and ¢), the effect of 4 wave front
Semg propagated in only one direction, due to altersd metabolism, and of temporary
refractoriness of the excitable tissue in the other directien is shown.

in case (¢). the stimulus may travel around the nng in perpetuily. sending ofT

“danphter” pacamaker sipnals to the rest of the heart each time the circle 15 traversed,
This mechanism is often proposed to explain amrial flutter. which is a very rapid rate of
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% atria of the heart, and ventsicular tachyeardia, which is the rapid, but sull L-rgamzcd,
erhivthmia of the ventricles,

b} Presence of multiple pacemaker sites:

Thare is more Lhan one pacemsker located in the myocandial cells of the hearl
shamber. a5 illostrated in figare.5.13 ¢

Figured. |3 : Pacemaker Located {5}

Thase paceniakers are depolarizing rapidly and indepsndently to produce a chaotic
s or rapid rhythm disorder, recognizable in the (ECG JLhis is frequently proposed as

= mechanism underlving ventricular andior atnal fibrilation.

Arything that alters conduction velocity er refractoriness of cardiac tissue, that
siers the cxcitahility or autormnaticity of pacemaker ¢ells, that creates changes n
membrane potentials of adjacent cardiac cells. or thati converts lulent pacemaker Lissue to
activate pacemaker tissue can lead o these rhythm disorders. ln practice, most common
cause of tachyarrhythmiss is ischemia of the heart tissucs. Tess [requent causes are ether
forms of heart disease.




3.5 Detection of fibrillation:

We can detect the cardinc fachyvarrhythmias by wasual mspection of
sectrocardingraphic tracings, This may he on either 2 monitor sereen or on an ECG
peper-strip recording, Oceasionally, presence of a tachvarmhvthinia 15 assumed under
condiions in which a pulse less, apneic patient 18 encountered in [ield and no
slectrocardiographic recording capabilitics are available. I a delibrillation shock is
sopiied under these conditions, it 18 reférred 10 as “blind™ delibrillation.

Automated elecirocardicgraphic delection devices, which vse signal processing
and decision zlgorithms: for detection of tachvarrhythmias, include fibrillation,
Schveardin, and flutler are also available. The defibrillators which are designed for
sutomatic or semiautomatic use by emergency personal s provide with aulomated
=ectrocardiographic detection.

The auvtomated deteciion schemes are usually based ©n counting the rate of the
QRS complexes per minute andror louking for changes in a “normal” envelope for TCG
wavetonms. Alse, some ol the deleclion alporithms include analysis for impedance

changes due W respirulory or cardiue aclvily, and in the event that electrographic
crtenia are mel lor lachyvarrhythmia, the device will not dlapnose fibnllation, if the
palient has mechanical evidence for cardiac or respirarory activiry. (5}




Chapter Four
Defibrillator modes

4.1: Synchronized cardioversion (automatic) mode:

Synchranized Cardigversion rafers to an electrical energy discharge that is
synchronized with the large R or 8 wave of the QRS complex Synchronization in the
carly part of the QRS complex avoids encrgy delivery in the eardy phase of
repolarization when ventricular fibrillation (VF) can be easily induced. Defibrillation
refers to an unsynchronized discherge of energy and is only recommended for
ventricular fibollation (VF).
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In certain types of arhythmia the patient's ventricles maintain their ability to pump
hlood. as evidenced by the existence of an R wave feature m the ECG waveform These
arthythmias are also correctabls by electrical shock to the heart, but it is necessary to avoid
delivering the shock during the ventricles' refractory period (the T wave of the ECG
waveform), or the shock intended 1o correct the problem will create a much more serious
arthythmia such as ventricular fibnillation. The shock is usually time t occur
approximately 30 microsecond after the R wave peak.
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Fig 4.1 - ECG waveform. {6}

Human operator cannot be trusted to time the ECG waveform properly to void this
problem. so the automatic electronic circuit is used A machine equipped with
synchronized circunt is called a cardioverter.




Transient delivery of cleetrical current causes 2 momentary depolanzation of
=ost cardiac cells, This allows e sinus node to resume normal pacemaker activily.

In the presence of resnirenl-induced dysrhyvthmia, clectrical cardioversion
sierrupts the self-perpetuating circuit and restores @ sinus rhythm.  Electrical
cerdioversion is much less effective in lreating arthythoia cavsed by inereased
Stomaticny

In ar urgent or emergent sciting, any patient with reentrant tachycardia baving n
sither narrow or wide QRS comples (ventricular rete >150) who is unstahle should be
mmediaraly reated with synchronized electnical cardioversion. Synchronized electncal
cardioversion may be used {o treal stable ventricular tachycardia (VT) that does not
sespond 1o a trial of intravenous medications. In hemodynamically stable patients.
svnchronized slestrical cardioversion is alse used o electively restore sinus thythm in
stnal fibrillation, atrdal flurter, or ather supraventricular tachveardia (SVI],

The cardioverter should be placed in the synchronized mode. which permats 4
search for a large R or S wave. The cardioverier aulomatically discharges an elecinc
surrent that lasts less than 4 milliseconds and avoids the wvulnerable period of cardiac
s=polarization when vemricular fbrillation (VF) can be induced. The vperator should be
sware of this brief delay as the cardioverier searches [or a large positive or negative
deflaction. If deflections are too small. (he physician can change the leads or pluce them
Joser to the patient's chest or heart. If the patienl develops VF. always tum off
svochromzation to avoid delay in energy delivery lo perform synchronized electrical
cardioversion two elecirode pads are used, each comprising a metallic plate which is
faced with @ saline basad conductive gel. The pads are placed on the chest of the parient.
or one is placed on the chest and one on the back. These are connetled by cables to a
machine which has the combined funetions of an ECG display screen and the electrical
function of & defibrillator. A svnchronizmg function (either manually operated or
swnmatic) allaws the cardioverter to deliver a reversion shoek, by way of the pads, of a
selected amount of clectric current over a predefined aumber of milliseconds at the
optimal moment in the cardiac cveie which corresponds to the R wave of the QRS
comples on the ECG. Timing the shock to the R wave prevents the delivery of the shock
during the vulnerahle period (or relative refractory period) of the cardiac excle, which
sould induce ventricular fibrillation. If the patient is conscious, varipus drugs arc oflen
usad Lo help sedate the patieat and make the procedure more tolerable. However, if the

patient 18 hsemodynamically unstable or unconscious, the shock is given immediately




woon confirmation of the anhythmia, When svnchronized eleetrical casdioversion is
periormed as an elective procedure, the shocks can be performad in conjunction with
g therapy until sinus thythm i attained. Multpie electrical shocks may canse humis
of the epidermis at the pad sites. After the procedure, the patien: is monitored 1o ensure
sanility of the sinus thythm.

atrisl fhrillatian rormal {smut) rhythm
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Fig 4.2 : Shock from cardioversion

The enerpy (shock dose) used for a synchronized shock is lower than that used
or ubsviclronized shocks (defbrillation). These low-energy shocks should alwayvs be
delivered as synchronized shocks because if they are delivered as unsyachronized
shocks they are likely o induce VF.

= The goal is to avoid shock delivery in the relative refractory period of the cardiac
cycle, where a shock might cause VF,

= Svnchromized electrical cardioversion is effective when & reentry circuir is the
capse of the arrhyihmia, as Is interrupts the reemiry pattem. Svochronized
cardioversion 15 not effsctive in snus tachyeardia | junctional tachveardia,
celopic or multifocal atrial tachycardia because these rhyvthms are related 1o
mcreased aulomaticity.

= Synchronized electrical cardicversion is not indicaied for weaument of VE.
puiseless VT, or unstable polymorphic VT, These arthethmias reguire high-
energy unsynchronized shocks (defibrllation),

= Cardioversion energics for biphasie machines have not vet been established. but
we extrapolate from experience with monophasic machines. For reentry SVT, the
recommendation s W start &t 1001, for atnzl Obnllation, start at 1007 for atsal
flutter, start at 50J.

« When choosing between synchronized cardioversion and antiarrhythmic druas.
physicians ofien reach for drugs first because we are more comforzble with
using thern. All these drugs have undesirable effsets such as hvpotension and are
hikely to make an unstable patient even worse, A good rule of thumb is thal
electricity is faster, more effective and safer than drugs in an unstable patient.




This applies fo sedation as well. While we dor’t want to be cruel. il 15 unlikely
wou zre poing o be able to achicve eptimum sedation in an unstable palienl because
Serr hlood pressure won'L Lelerale 1L It is better to e on the side of light sedation and
smalessia; vou can apologize for the discomfort afier you save vour petient's life.

4.1 Unsynchronized Cardioversion( manual) mode :

I'here is no concermn about the tuning of the charge as there is no coordinared
sernsic electric activity in the heart. This contrasts with defibriilation, which ean ocour
® any paint in the cardiac cvele amd 18 uswally performed under cmerpency
srcumsiances.

‘The energy (shock dose) used for a un gynchronized shock is nigher than thal ased
for synchronized shocks (defibrillarion.




Chapter Five

Defibrillator wave [orm and the Energy

When sudden cardiac amrest sinkes, CPR 2lone doesa’t save lives - 113s merely o
temporary mezsure thar maintaing mintmal oxveen flow to the brain. Early defibrillation
= required to re-sstablish a regular heortheat. A defibrillator can deliver a controlled
clectrical shock to & heart that has a life-threateming rhythm, such as ventricular
Shrillarion (VF). In VF, the heart's chaotic activity prevents biood from pumping to the
pady and brain, Voltage stored by the defibrillaror conducts clectnical current (4 shock)
throueh the chest by way of clectrodes or paddles placed on the chesi. Thie briel pulse of
surrenl halts the chaote aclhivily of heart, giving the heart a chance 1o re-start wilth 4
aormal rhythm,

The delibrillator uses energy lo deliver & shock. The amount of enerey osed
depends on;
« How much voltages is used .
» How much cwrent is delivered.

* I'he duration (length) of the shock.

Energy 15 messured in Juules (I, External delibnllutons may oller 4 mnge of
energy selechons. So-called "low energy” delibrillalors are those thet limil (heir energy
gelections to: 2007 or less: Espalating energy detibnliators offer a range of energies.
starting with low energy levels with the option to increase the energy levels for
suhsequent shocks,

Many people confuse current and energy, his distinetion is importani in
defibrillation, since defibrillators are often described in terms of energy {e.g.. 2000) but
it 18 therr currenl - nol the energy - that dehbnliates. Sovcessful detibrillation requires
thal enougn current be dzlivered o the heart muscle dunng the shock.




Detibrillation requires a trpe middle-of-the-rnad aporoach, You must have
snough current reach the heat to defibrillate the hewrt (stop the lethal thathm), but not
s0 much peak cwrrent that you risk damaging the heart. In facl, low-energy shocks from
some defibrillators deliver higher peak current than higher-cnergy shocks from other
tvpes of defibrllators.

Impedance is the body’s resistance to the low of currendt, Some people naturallv
fave higher impedance than others, Certain factors can also increase impedance, such ax:

* A large and‘or hairy chest.
* Very drv skin.
* Exoess air in the lungs |

* Improper anplication o the detibrillation clectrodas.

You can't t2ll if someone has high impedance simply by lookmg at him or her. If
mipedunce is high, the hearl may not reeeive enough current for defibrillation to be
successiul. More current may be delivered by increasing the vollage and hy increasing
e energy selected (more jonles) on the delibrillator.

Biphasic waveforms adjust for impedance by varving the characteristics of their
wavelorms, How each wavelorm adjusts for impedance has importani cunseguences - it
may determine whether or nol somenone's life is saved. Tt is important 1o know how each
oiphasic waveform adiuss for impadance 1o ensure that high-impedance persons will
fave the same chanee lor survival as those who are easily defibrillated,

Meany chinical studics demonsirating the success of low-enerpy  baphasic
waveforms were conducted in electro-phyvsialapy iabs under ideal canditions. I rea]
Iife, cardiuc emerzencics are much less predictable, Many factars affect the chance of
defibrillation suceess: {ime elapsed hefore the first shock is mven placument of the
cleclrode pads, the person's impedance level and eertain health conditions, Therelore, it
may lake more current, u lonper shock duration. and/or incressed voltage 10 ensure
success, Current flow changes with time during a defibrillation shock. Wher deawn on a
gruph, this is known 2s 2 waveform, Hearts respond differently 1o different waveforms,
which is why the introduction of biphasic waveforms to external defbrillators o0 have
2 positive impact.




5.1 Monophasic versus Biphasic waveforms :

Mocem  delfibnllalors are- classilied  according w20 lypes of wavelomns:
monophasic  and  biphasic, defibrillarnrse have used monophasic  waveforms:
Monpphazic” means fthat the current delivered by the maching travels in only one
direction herween the paddics, This has bzen the standard way of doing things for many
years, ut is now seen as out of date, and is being replaced with & nower method, called
“biphaszic™ .

Biphasic mesans that the corrent initially moves wowards the positive paddiz. then
reverses dirsetion and heads the other way. The difference tor us ar the bedside iz thar
oipnasic shocks seem to be just as effective as the monophasic ones, but at lower powsr
levels: This s & good thing for 2 couple of reasons: first less power applicd means less
trauma 1o the patient. Second, less power reguired means lonper banery life, and
apparertly all imnlanted defibrillators now use biphasic shocks for this reason — they can
also he made smaller. | retnember seeing patiants come in with what looked like a small
srick implanted under the skin of their chests,

Available rescarch shows that biphasic waveforms are more effective and pose
less risk of injury to the hieart than monophasic waveformos, even when Lhe shock energy
level 15 the same. This is why manufacturers of extemal deliballators are now using
Siphasic waveforms in thenr devices . Although the latest mescarch shows binhesic
defibrillation to be maore elfective than monophasic, the Internations] Guidelines 2000
published by the American lleart Association (AMA)  smate: "These new
recommendations do not imply that care using past gmidelines {for momophasic deviced)
s either unsafe or ineffective." However, biphasic waveforms are hzcoming the new
standard of care 1 gxtemnal defihnllators. That's why most organizations choose the
biphasicwaveforn: when purchasing a new external defibriliator today.

Biphasic
v Mmonaphasic waveform

waveiorm W
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Fig 3.1: Menophssic Wavelorms Fig 5.2 : Biphasic Waveinrms




In the past there was only vne {vpe of transthoracic dafibrillation, thal of a
standard dampened sine wave monophasic shack, Over the many years of studv, the
theory of impedance and timing of shocks has aceurmlated in loday's standard practice
0f 251bs of pressure (if using paddles) with three "stacked shocks”. The key has heen the
sequential raising of the eneray from 2004, o 3005, 1o a maximum of 360], then having
ihe subsequent shocks al 305, In relation to the eneruy there have been muny studics to
cvdluate the effect of multiple high-eneray shocks on the heart muscle itsell’

The truncated exponential biphasic waveform, in which the polarity is reversed
part way through the pulse, has been used in internal pacemakers for over 10 VeATs.
There have been many studies done to prove some of the followeing points: With the
Biphasic system there is higher success rate of initial shock conversion [fFom VT
ventneular sachveardia) or VF  (ventricular fibrillation) then menophasic (83.2%
mooophagic vs, 97,6% biphasic), The jonles are signilicantly less (200 monophasic, 130
= 2l biphasic) which will affect resarve coorgy needs, Biphasic is more effecrive in
reversing sustained VF. Riphasic defibvillaion offers equal or batter elficacy at lower
snergies than tradiional monophasic wavelunm defihrilldtors-with less risk of pust-
shock complications such as myocardial dyvsfunction and skin burmns.

The biphasic truncated exponential (B1E) waveform was orimnally devaloped
for low-impedance mtemal cerdiac defibrillation applications, It's been adapted for
=xiernal defibrillation by two vendors. Hean strearn pioneersd the low-enerey approach.
the second BTE defihrillator, developed by Medronic Phvsio-Control. uses & high-
enerey (over 200 joules) protocol. This appreach is promoied as easier 1o adopt but
Sxp0scs patients W potentigily hipher peak currents,

The rectilinear biphasic waveform was developad speaifically for extemal
defibrillation and takes into account high and vared patiznt impedance levels (the
blacking of current flow caused by chest hair, large chest size, and poor elsctrode-to-
<hest contact), Only the Zoll defibrillator uses this waveform. The rect: inear wavefors
maintzins & stable shape in response 1o impedance, and the constanl current in the first
phase reduces potentially harmful peak currents. :




The biphasic tnincated exponential (BTE) waveform was developed for internal
e, where jmpadance is low, When 1t's used in a wansthoracie device such as a
s=finrillator, impedance affeets the wavelomy's shape, Reszearch has shown that as the
Sphasic waveformt's shape changes, its cfficacy vares. The rectilinear waveform
s=mains stable in shape, however, and current delivery dynamics are similar for patients
wver & wide rapge of impedances. This reduces the potentially adverse effect of patient
smpedance on suceesstul defibrillation.

When impedanee is low (50 chms), & 360-joule BTE defibrllator delivers more
<erreni than required. exposing the patient to potentially harmfil hiph peak currents, At
== average patieat impedance of 75 ohms. the 260-j0uie BTE and 200-joule rectilinear
“=fbnllarors sre cyually effective. With high-impedance (greater than 100 ohms), the
~-foule reculinear shock debvers a higher averape current than a 360-joule BTE
ssock, therefore making it more effective at lower eneroy levels.,

A direet clinical comparisor between the two types of biphasic wiveforms has
#= 10 be done in & prospective. randomised tial with appropriate contrals. But the
sowing body of published. peerreviewed human data points to some wavefor-
specific performance charucteristics Higher energy doesn't necessarily mean vou'll be
smsing the average current delivered. In a recently published study, researchers found
a1 2 high-eacrgy BTE defibnillator needs nearly 50% more enerpy to deliver the same
Sersge current as a low-energy rectilinear defibrillator,

Although the very Grst commercial defibrillator used a biphasic waveform for the
seatment of ventricular defibrillation, commercial external defibriliators in the westem
workd adopted monophasic wavelorms at least 30 vears aga, and these have been used
wmost exclusively until recenty. Thus, much of our clinical experience comes from the
wse of monophasic waveforms.

Conventional defibrillators produce inonophasic shocks where the current flows in
soe direction. Biphasic wevelonn technology has developed [rom electrophysiclogical
work on the design of implantable defibrillators. With biphasic shocks the direction of
swrent flow s reversed 4l some point (usually near half way) doring the dischares from
S machine. External defibrillators that utilize hiphasic waveforms are now available
wd licensed for clinical use. These devices have a number of advantages. Low energy
Sptiasic shocks are as effecrive as higher energy monophasic shocks. This may result in
5= camage to the myocardium and 2 reduced frequenev of posi-shock contractility and




srhythmic problems. It allows smaller, lighter batterics to be used with a lengthening of
the defibrillator battery lile.

At present. difTerent manufacturers of defibrillators use diflerent snergy levels.
The precise wavelorms used in hiphasic shocks vary considesably with different models.
The energy levels used with successive shocks may stay constant or escalate depanding
o1 the machine. Some of these parameters are programmable. and may be pre-seleeted
by the user. At present, there iz inadequate comparative data to be shle to decide which
15 the most effective e"le"-g level, shock sequence, or pr]‘l'Imc. waveform. It 1s therelore
umpossible 1o make defing m:u:rmmminhunn The Councii considers that all currently
available hiphasic ﬂu.f“h—:ﬂau:rrs have energy levels that are aceeprabie.

Al presenl. different manufacturers of defibrillators use different enerav levels.
The precise wavelorms used in biphasic shocks vary considerably with different models.
The caergy levels used with successive shocks may slay constant or csczlate depending
on the machine. Some of these parameters are progrummable, and may be pre-selected
o% the user. Al present, there 18 inadequate comparative data to be able W decide which
15 the most effective encrgy level. shock sequence, or biphasic wavelorm, It is therefore
impossinle to male definile recommendations. The Council considers that all currently
=vzilahic biphasic defibrillators have energy levels that are acceptable.”

A wave ol electrical curremt has a shape tha: can be drawsn as 5 "waveform?.
The wavetorm shows how the fow of current changss over time during the defibrillation
=huck. The highest part of the cwrrent wavelorm is called "peak current”, Too much peak
current during the shock can injure the hearl. It's the peak current (1ot energy) that can
mjure the heart,




5.2 Types of waveform using in modern defibrillator:

I. Lown Wayeform :-

The Lown wavelorm |, was the standard 7or delibrillation until the late 19805
When numcrous stidies showed that a Piphasic truncated waveform (BTE) was equallv
cificacious while requiring the delivery of lower levels of energy 1o produce
defibrillation. A side effect was » significant reduction in weight of the machine, The
81T wavelorm, combined with automatic measurement of trunsthoracic impedance is
e hasis for modern defibrillators,

We can see the Lewn wavelom in the lipure 5 4, shows the volage and the
surrent applied 1o the patient’s chest ploted szainst ome:
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Fig 5.4 : Lown waveform

We note that the current rise very rapidly to about 20 A wnder the
influenee of slightly less than 3 KV. The waveform then decays back to zern
within 5 ms, and then preduces a smaller negative pulse, also of about 5 ms,

The negative excursion of Town wavelhrm during the last § ms is producs
by the energy slored in the magnetic field of eoil L .When capacitor has
discharged, the coil's ficld collapses. dumping energy back into the circuil.




- Monupulse Waveform:

We can sez the Lown waveform in the figure 3.5, shows the voltage and
the current applied to the patient’s chest nlotred aggainst fime:
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Mg 3.5 : Monopulse Wavelorm

Muodified Lown waveform and is commonly found in certain portable
defibrillators. It is crested by sircuit as Lown circuir but without induetor L, The
wave [orm decavs to zero in the exponential manner cxpected of an R-C network,

3. Tapered DC delay Wave form:

We can sse the Lown waveform in the figure:5.6, shows the vullage
applied to the patient’s chest plotied against time:
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Fig 3.6: Tapsred DC deley waveform




This waveform diffcrs rom two previous pulses in that it uses a Jower
amplitude and longer duralion lo achieve the encrgy level. The cnergy
wansferred is proportionsl L the area under the square of the curve, So we may
have the same energy as in other form. This wavelorm is achieved by placing

twio [-C seetivns. in casesde with other,

4. Trapegoidal Waveform:

We can see the Lown wavelorm in the figure.5.7. shows the voltage
spplivd 1o the patient’s chest plotted against time:
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Fig 3.7 : Trapezoidal Wavetbrm

This waveform is another low-voltuge, lona-duration shape. The inital
oulput potential is sbout 800 ¥V, which drops eontinuausly for about 20 ms until

it reaches 500 V, where 1t is lerminatad,




Section Six
lses of defibrillator

6.1 Basically three uses for defibrillator

1. Druring cardiac surgery:

Frequently during candisc surgery, the ventncles will spontaneonsly
fiorillate or will be intentionally fibrillation, it is necessary to defibrillate in
order W bring the pafient out surgery successfully. In this case of fihrillaton
applicd shocks directly to the heart using 530 J. OQccasionally, dircet
defibrillalion may he attempted with cmergency ventricular fibrillation. such as
occurs with a heart attack This fechmique is less commion than transchest
defibnllation for emergencics, bul is used in come institutions. The success
rates for direct defibrillation are considerably lower during emergencies thun
during cardiac surgery. inasmuch es there is not the opportunity to control the
environment. select the optimal time, and have the patienl’s heart perfused by
cardiopulmorary bypass (extracomoreal circulation).

2. Cardioversion:

Application of synchromeed. elecimical shocks for trestment of
arrhvthmias other than veninculur Gbrillation. This is virwally always «
transchest shock. As stated previously, this inciudes atnal fibrillation, etrial
flutter, and ventricular tachveardia. [ is necessary to svnchronize shocks to be
certain that they do not fall durng the T wave of the ventricular
clectrovardiographic complex, since this is associated with produstion of
ventncular Gbrillation which is 2 potentially fatal arthvtimia. Cardioversion iz
vsually allempted at energy settings 5-20 ) for ventrcular tachyeardia and
atrial Nutler and energies of S0-200 J for atrial fibrillation. In general, eneroics
are low for the first shock, and the cnerpy is increased gradually and only il
previous shocks are unsuccecssiul in converting the arrhythnia to functionsl
rhythm.




3. Emergency fibrillation:

In this case, the defibrllaton shock is applied transchest. more
commonly using precordial clectrodes, bul sometimas using  anterior-lo-
postenor slectrodes. Hipher energy levels ars required for this situation, with
an initial shock of 200 j bang followed by shocks 300 or 260 1 il (e lower
enerpy 1s unsuccessful.

6.2 How Tse the Defibrillator?

iums the set energy control to the desired level and presses the charge
button,

Capacitor C heings charging and will continue to charge until the voltage
across the eapacitor is equal o the desired set energy, and then rzlease a
tooting meaning rezdy (o defibrillate.

Position the paddles as illustrated in figure 6.1, one =lectrode is placed on
the chest directly over the heart, while the sceond eleztrode is placed on the
lefl side of the patient chest, and press dischiarge button,




External Defibrillator
EKG lead

Metal
paddie

i o mok N“ﬁim

Fig 6.2 : Extemnal Defibrillator

We note that we should connect the ECG fo the patient during applied the
DC shock to see the cardiac waveform during fibrillation.
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Section Seven

Types of Defibrillator:

¥ Thers arc three main types ol devices used for defibrillation of the heart -

! dmpluntable cardioverter defibrillator (ICD].
2 Manua! defibrillator.
3 automarad extermnal defibrillator (AED.

7.1 Implantable Cardioverter Defibrillator (FCD).

What is mamt by (ICD)?

An implantable cardioverter detibrillatar (ICD) is a small device that's placed in
e chest or ahdomen. This device uses eleerrical pulses or shocks 1o help contzol life-
Sircatening. irrepular heartheats, especially those thut could lead the heart 1o suddenly
stap beating {sudden cardiac arrest), This device similur to pacemaker

History of the (TCD)

The development of the 1CD was pioneered at Sinaj Hospital in Raltimere by a
eam including Stephen Heilman, Alnis Langer, Morton Mower, Michel Mirowski. and
Mir Imran, with the help of industrial collaborator Intec Swstems of Plusburgh,
Mirowskl teamed up with Mower and Stacwen. and topether they commenced thejy
research in 1969 but it was 11 years hefore they treated fheir first patient. Imran was the
young cogineer who was able 1o wren the bench top 1ded into a working device, L'sing
malogue lape recordings of patients heartheats, lmran devaloped elgorithms and
aardware Lhat are the foundation of today's .
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ICD's and Cardiac Rhythm Meanagement industry. Similar dzvelopmental work
was carmied out by Shudder and enlleagues at the University of Missourd.

More than a decads of research went into the development of un impiantable
S=fibrillator that would automatically sense the omset of ventrieular Shrllation and
Seliver an electric counter shock within 15-20 seconds, converting the rhythm to sinus
mxthm. Improved versiens were programmed to be sble to detect ventricular
Schycardia, often & forcunner of ventricular fibrillation. These were then called
snnlantable cardioverters.

The work was commenced againgt much skepticism even by leading experts in
Se field of arrthythmias and sudden dsath. Thiere was doubt that their ideas would ever
secome 2 clinical reality. In 1972 Bomard Lown, the inventor of the external
setibrillator, staled in the journal Circulztion - “The very rare patient wha has frequent
souts of ventricular {ibrillation is best treated in a coronary care unit and is bettar serveg
%y en ellective ant arthythmic program or surgical correction of inadequate coronary
sood fow or ventricular mallunction. In fact, the implanted defibriflator svslem
woresents an imperfoct solution in search of a plavsible and practical application”,

The problems o be overcome were the design of a system which would allow
sstection of ventricular fibrillation or ventriculer tachyeardia, Despite the lack of
Snancial backing and grants, they persisted and the first device was mmplanted in
February 1980 at Johns Hopkins Hospital by Dr. Levi Watkins, Jr, Modern 10D do not
TgQuire @ thoracotomy and possess paging, cardio versien, and defibrillation
~=pabilities.Intenal cardiovesters defibrillators have also been used twice in dops 1o
orevenl sudden death from arrhythmia. The first defibrillator was implanted at
Washington State University by a team of eardiolegists lod by Dr Lynre Johnson in
<03 The patient was a Boxer dog with life thrcaiening arthythmiss from
erhvihmogenic right venrivular cardiomvopathy, an inherited diszase.

On July 21rst 2008 , a second 1CD wis implanted in a b-menth-old German
Shephend dog with inherited ventricular arrthvihimizs, The 3-hour long surgery 100k place
= Loulsiana State University and was led by Dr Romain Pariaut. So far, rhese pets are
S only two client-owned dogs that have received such a high-tech treasment,




An aover view on (1CD) ;

An implantable cardioverter defibrillator (ICD) has wires with electrodes on the
ends that connect to one or more of heart's chambers, These wires monitor the heart
svthm. They also delrver high- or low-energy electrical pulses to the heart when it beats
annormally.

Single-chamber I(T0s have wires that connect ta onc ar both of the venineles.
These ICDs correct faulty electrical signaling within the ventrieles: Dust-chamber 10Ds
mave wires that connect to both an upper heart chamber {atrium) and 4 veniricle. These
ICDs correct fanity electnical signaling between the two chambers .

Many modern 1CD's use 2 combination of various methods ro determineg if a fast
rovthm is normal, ventricular achyeardia or ventricular fibrillation Rate discrimination
evaluates the rate ol the lower chumbers of the heart (the ventricles) and comparss it to
the rate 1n the upper chambers of the heart (the atria). If the rate in the atria ig faster than
or equal to the rate in the ventricles, then the rhythm is most likely not ventricular in
origin, and 15 usually more benign. If this is the case, the ICD docs not provide any
therapy,

Rhythin discrimination will see how regulur a ventricolar tachveardia is.
Cenerally, veotricular lachveardia is regular. IT the rthythm is irrepular, it is usually due
0 conduction of an irregular rhyvthm that originates in the atria, such as a tral
Gbrllation.

Maorpholegy discrimination checks the morphalogy of every veniricular beal and
Sompares it to what the ICD believes is a nonmally conducted venineulur impulse for the
panent. This normal ventricalar impulse is often an average ol 4 multiple of beals of the
patient taken 1n the recent past.




7.2 What is the difference between ICD and Pacemalkor 7

An ICD 15 similar to & pacemaker, but there are some differences. Pacemakers
can only give off low encrgy clectrical pulses. They ave often used to traa less
dangerous heart rhythms, such as those thal oceur in the upper chambers of the keart,
Mazr new JCIYs can act as both pacemakers and ICD's, the illustration compares an
implantable cardioverter defibriliator and & pacemaker.

The wires with electrodas on the ends are inserted into the heart through o vein in
the upper chesl.. The wirss with elactrodes on the ends are mserted into the heart
through 2 vein in the upper chest.

7.3 Manual defibrillators :

A manual defibrillator, or defibrillator paddies, arc used by physicians to deliver
hizh intensity electzical charges lo patiems in ventricular fbrllztion or cardiac arrest.
restormg normal heart ravthin and restarting the flow of blood.

Many popular tclevision programs demonstrate emergency personnzl loudly
stating. “Clear!™ befors using the defibnllastor paddies. This it done because anvone
inuching the persan about (o receive the shock may raceive 2 shock himself or hersell,

Manual defibrillators are also used in non-emersency situalions ic @ procedure
called elective cardio version. In this precedure, lower levels of cleclrcily are used to
restore normal heart patterns in patients with non-emergency arrhythmias (e.g., a trial
fibrillation).

Cardio version is the tenm doclors use W describe the delivery of a shock that is
carefully timed to the waveform of (he heartbeat, wspaily under conwolled
circumstanees, This contrasts with defibrillation. which can oceur al any point in the
cardiac cyele and 1s usually performed under emergeney circumstances.
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"4 The uutomated external defibrillator(AFD)

AFEDs deliver 2 high-amplitude current impulse 1o the heart in order 10 restore
somual rhythm and contractile function in patients who are gxperiencing ventmcular
Shrillation (VF) or ventricular tachyeardia (VT) that 15 nol accompanied by a palpanle
mulse. AEDs diller from conventional defibriliators in thar AFDs can analyze the ECG
wivthm (o determine whether defibrillation is nocessary: this elininates the need for the
“ser 10 mterpred the cardiae thvthm before delivenng a shock. AEDs are designed 1a be
“sed primarily by first responders to cardiac emergencies. who may not be fully trained
= advanced curdiac life support (ACLS). In the pre hospital scting. these emergetcy
persormel can include  emergency medical technicians (EMTx), firefighters law
salorcement officers, and paramedics. More recently, flight anendants, security ruards.
=l others (sometimes called traditional targeted responders) may be expected 1 use
FAD units, AEDs cap also be used in areas of the hospital whers advanced life support
sersonnel are not readily available,

Principles of operatian :

AEDs can be classified as either fully aulomatic or semisutomatic, Fully
awtomatic models require only that the user anply defibrillator elecades 1o the patient
and activate the unit, which then analyzes the ECG rhythm ohtained through the
disposable defibrllation electrodes snd delermines whether a defibrillation courter
shock 15 needed: if it is, the device awlomatically charges and discharges.

Most AEDs are semisutomatic. These units analvee the patient’s ECG and notily
the operalor when defibrillation is indicated and charge aulomatically. The operator then
discharges the defibrillator, AED's can use visual messages and/or voice-svnthesized
mstructions te nulify the operator of the proper course of action.

AED'S typicully include a code documentation device. such as s cassctle
recarder, memory module, or personal computer data card, disposable adhesive
defibriliation electrodes through which the cardiac thythm can be monitored and the
cleetric shock delivered: an 1LCD (liquid crvstal displav) or other display to give the nser
stalus muessdges (patient and/or defibrillator), to display the ECG waveform. or to
prompl the user o initiate a shock: and audible voice prompis.




Defibrilladon procedure of (AED's) :

The operator allaches (wo adhesive defibnllator clecirodes to the cables or
Sreclly o the AED antd applies the electrodes 1o the patienl. One electrode 1= usually
sluced on Lhe patient’s chest newr the upper-right cternal border. and the other 15 placed
on the lower-lefl ribs over the apex of the hearl. The adbesive electrodes must be
carefully applied to ensure good contact with (he skin because unlike paddles , These
slectrodes do not allow the user to apply pressure and therehy lower Tran thoracie
mpedance hy reducing the resistance between the patient’s skin and the alectrodes.

All hiphasic AED= measure chest impedzance during the first 1/1.000 of a second
I the shock, The shock can then be alered to deliver the appropriate putput for the
particular patient.

Afller the elecirodes have been attached o the pahient, CPR 1s discontinued. and
sither the user sclivales the analysis function or the AED will sutomatically analyvze the
savihm to determine wheather defibrillation 1s necessary.

Adfter analysis is initiated, all physical contac: with the patient must cease for the

==mainder of the defibrillation process. Depending on the AED), analyzis takes from 5 to

S seconds; in fully automatic modsis, a shock 16 then aulomatically delivered when the
shvthim analysis determinegs it is necessary

Before the shock, the AED indicates thar the capacifors are charging-and warns
st a shock is imminent. In scmiautomatic umits, LCDs, visual alarms, or voice-
svnthesized mstructions prompt the vser 1o press a bation to deliver the shock. After the
frsl shock, analvais is setivated -apain cither manually or aatomatically, and the
delibrillator reanalyess the cardiae chythms to determine whether the heart has resumed
2= normal beat, 1 Bbnllation is sull occurring, the device alerts the user and advises
another shock.

Thzs procedurs repeats until three shocks have been délivered to the patient. CPR
shiould be resumed for one minule 1f normal thythm has not been restored afier the third
shock: 1f the patient 18 confirmed 1o be pulse less and not bresthing aller CPIR. the
Zelibrillation procedurs should be resumed.




Accuracy of (AED'S) :

The accuracy of an AED’s rhythm-recognition algorithm is usually described in
terms of sensitivily and specificity, Sensitivity represents the AED s ability to identily
raythms that should shocked (2.8, VF).

It iz delined as the percent of correct decisions to shock out of the total number
of truly shock able rhythms, Specilivity represents the anility of an AED 1o identify
rhythms that should not be shocked. It is defined as the percent of trul ¥ non shock able
rhvihims thar the device made the corract decision nol to shock, Ideall y. AEDs would
aave 100% zensitivity as well as 100% specificity,

However, this is not realistic hecause there are trade-ofls between the two, In
general, AREDs [avor specificity: they avowd shocking nen shock ahle rhythms, In
addrtion. the recommended practice of attaching ATDs only to pulse less, unconsvious
patients helps 1o ensure that they will not be used to analyze a large number of non
shock able rhythms.

According 1o this standard, the sensitiviry for recogmizing VF at an amplitude
of (200 pV) or greater should exeeed 90% in the absence of arlifact, For devices 1hat
detect VT, Lhe sensitivity should exceed 75%. The specificity of the device in correctly
differcntiating non shock able rhythms should excesd 95% 1n the absence of artifact.

7.5 Ballery care and maintenance

AEDs use sculed lead-acid (SLA), nickel-cadmium, or lithium batterizs. When
possible, SLA batleries not beine used should be charged continupusly at room
temmerafure until they are fully charved, which can take from 4 to 24 hours. Units that
offer dispusable lithiem batterics do not require recharging, thus simplifying AED use.
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Most AED manufacturers recommend thar batieries he charged after each uge
& replaced every one 1o two years,

Although battery lifee depends heavily on usage and maintenance practices,
soutine replacemant better cnsures that the battery will provide the desired performanze
wam nesded. Rechargeable batierics should not be used in PAD applications. For a
=ore detailed discussion, see the Health Devices article on battery maintenance listed
DCIOW,

Ong unit covered in this Produet Comparison is designed [or in-hozpital
Zonitoring and automatic defibrillation of patients who are deemed 10 be 2l hi ah risk of
sudden cardiac arrest,

The unit continuously monitors the patient’s cardiac rhythms Lhrough disposahle
sectrndes and responds by automatically delivering either cardiv version pacing or
sauck within seconds of deteeting VT ur VT, depending on the rhvthm detected. After
sciiing up the device and attachmg the clectrodes to the patient, no clinical personnel are
seaded to deliver the therapy,




Section Eight
Testing Defibrillator

8.1 Defibrillator toster :

there are several defibrillator testers on the markel. Most are basically miegrating
voluneters that are calibrated in wall-seconds,

As we can se2 one of these type Leslers in fgure B 1.

-

Fig 8.1: Defibrillator tester .

A 50 Q0 dummy load is buill into tester and connected between a pair of
sectrudes: The padidles are placed against rhe electrodes, and the capacitor is discharzed
=10 the load. The meler registers the deliversd enerey in watt-sceonds.




Section Eight

Testing Defibrillator

#.1 Defibrillator tesler:

There are several defibrillater tesfers on the market. Most are hasically micprating

caltmeters that are calibrared wart-reconds,

As we can see oue of Lhese type wesiars in figure 2.1,

- L

Fig &.1: Defibrillator tester.

A 50 O dummy lead is hull into lester and ponnected berween a pair ol
sectrades. The paddles are placed aganst the electrodes, and the capacitor is dischargad
he load. The meter registers the delivered encray in wall-gcconds.
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It specifies a tester thal has an oscilloscope outpur jack, so that the outpul
waveform may be viewed on the oscilloscope, An oscilloscope camera is usually
sreferred for making a permanent record ol the waveform, although at least one Lester
ases special digital cirevitry that allows recording of the defibrillator output wavelorm
on a 25-mmvs strp charl recorder.

.2 Defibriliator Safery:

Defibrillatars are polentally dangerous devices because of their mgh clectrical
sutput characteristics. The danper to the patient of unsynchronized shocks has already
“een proseated, as has the synchronization design 1o prevent inadverienl precipitation of
Sorillation by a cardioversion shock applied during the 7 wave.

There are other safety issues. Improper technique may result in accidental
shocking of the eperator or other personnel 1n the vicinity. if someone 13 in contact with
e eiecinic discharoe pathway, This may occur if the operator is carcless in holding the
discharpe elecirodes or il someone is in contact with the patient or with 2 metal bed
secupied by the subject when the shock is applied. Proper Lraining and
=chnigue is necessary lo avoid this risk.

Agother safety issue is that of producing damage to the patient by application of
sxcessively sirong or excessively numerous shocks. Although cardiac damage has boon
reportad after hiph-intensity and repetitive shucks o experimental animals and human
satients, it is generally held that significant cardiac damage is unlikely if proper chimeal
srocedures and guidelines are followed,

Failare of a defibrillator 1o eperats correctly may also be considersd a safely
ssue, sinee inahility of & defibrillator to deliver a sheck in the absunce of a replacement
umit means loss of the opportunity to resuscitate the patienl. A recent review of
Sefibrillator failures found that operator crrovs, inadequate delibrillaior care and
saintenance, and, to @ lesser extent, component failure accounted for the majority of
Sefibrillator failures,




Complications may aftee! patients or health care workers. Injury incidence 15 1
casc per 1700 shocks for paramedics in the field. The patient may become hvpasae or
bypoventilate from sedation. Most bums from shocks sre superficial partial-thickness
bums, but a few are deep. Cardize complications include dverhvthmia, bypotension, and
pulmanary edema,

Inducible arvhythmias include bradycardia, atrioventricular (AV) hlock, sysinla,
VT, and VF. In patients with scute coronary syndromes or acute mvocardial tnfarction.
bradycardia or AV blocks can be induced, and they may need an exlemal or indemal
pacemaker. VT and VF commonly oceur in patients with prior similar histary.




Chapter Nine

Block Diagram and circuit analysis

[ ECG mpliﬁnr]
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9.1 Power Supply :

system thar Conversion of one form of electrical power to another desired
form and voltase. Tris tvpicallv involves converting 120 or 220 voll AC

supplied by a wtility sempany g well-repulared Joweas voltage DC for clectronic
devices.

SLEP Cown Transiormar
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Fia 9.1:Power Supply
Fig 4.1 shown power supply cireuit, (his circuit consist of many parts:
a-  transformer used 1o convert the volluge from the wall vutlet (maing) o 2

different. usually a gwer Voltage . in projeet we e step down transformer to
convert 220Vac to 12Vac,

b- Full bridge rectifier used 1o converls alteruling current (AC) 1o direst current
(DYC), 4 process known as rectification.
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¢~ A capacitor is used to smooth the pulsating current from the rectifier(filtering),
Some small periodic deviations from smooth direct current will remain, which is
known as nipple. These pulsations oceur at & frequency related to the AC power
frequency

Wit
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Fig 9 2; Capacitor output

d- Regulater The voltage produced by an unregulated power supply will vary
depending on the load and on vanations in the AC supply voltage. For cntical
electronics applications a linear regulator will be used to stabilize and adjust the
voltage. This regulator will also greatly reduce the ripple and noise in the output
DC current. Linear regulators often provide current limiting, protecting the
power supply and attached circuit from over current.

In ths project we use e positive regulator (7812), to get 12VDC output using to
supplied voltage for all electronic circuit in project ,and chargmg the capacitor.

-47 -




9.2 ECG amplifier :

The defibrillator pives the possibility to be synchronized to the wave R coming
from ECG amplifier or to operate manually discharging the energy of the LA cirouit
across the electrodes with pushbutton

The main amplifier use in the ECG system is Instrumentation Amplifier .

Instrumentation Amplifier

i ST
R1 Vout
Features:
= Differential amp
V2 * Very high gain

* Very high input R
* High Common mode

vﬂur =_(V, - v.?)“ #* ERZIR*F){RJRs} rgjection

* wi also need filters |

Gain f:um Stage 1 311-&:5133& I

Fig 9.3 : Instrumentation Amplifier




9.3 Comparator circuit :
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Fig 9.4 : Comparator circuil .

Fig 94 shown comparator circuit , This circuit using only in
synchrenizing mode . to reat sinal or venmizular fibrillation and another
arrhathmia |

This cucuit using fo gel trigger pulse to monestable multivibrator 1©
switch 1t when any occwring arthythmia hanpen 10 the heart such as
ventricular libritlaton.

o
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Fig 9.5 ECG waveform

Principle operation:

- VZ is a voltage from ECG amplifier , in normal ECG waveform {no
arthythmia) the amplitude of R-wave in BCG almost 3V this
amplitude is less than (V1)

12v 12= 34V

Vie— =y - 22,
R4+R5+R2 1+4.7+2.2

The oulput of comparator will not give tripger pulse to switched on
monostable multivibrator , and the defibrillator device will not give any
shock .this case shown in fig 9.6 .
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Fig 9.6 : No shock defibrillator

You can controlling for V1 by using RS o gel suitable voltage.

2- when any occurring  arrhythmia happen to the heart such as ventricular
fibrillation. The amplitude of R wave will increasing —a V2 will INCreasing

and become greater than V1 , In these case the comparator will give trigger pulse
and swilched on monostable mult vibrator shown in fis 9.7

0,000 ms 1000w 2000 F3.000w A0 O S0 00ma
=TT = — — — 5000V
Brgaa e I | y F 7 \ ]
=iy / x ! X i / ) /
‘ A .\1 7 X v, . 7 .*".
| L ey o N - 5000y
*CulE —U | [ ‘ ’ | [ 1160V
1.00 ¥

Fig 9.7 : Switched on monostable multivibratar .
whars ;

Red color (B wave ) represent for (V1) .
Green color{A wave) represent for (V2)

Blue color (C waverepresent for (comparator output voltage)




L | Manusmblc.mulﬁ'rﬁhmmr =

Monostable multivibralor often called 2 one shot multivibrator s a pulse
esacraling circuil m which the duration of this pulse is determined by the RC nenwork
connected externally to the 555 timer. o a stable ar standby state. the oulput of the
fircuil 15 approximately zero or a logic-lowr Jevel. When extermal gger pulse is applied
dutpul is forced to go high (+ 7..), The time lor which output remains high is
determined by the external RC network eonnected 1o the timer. At the end of the timing
interval, the ouput automatically reverts hack o ite logic-low etable state, The watpat

stys Tow wnlil gger pulse is again applied. Then the cyele repoats. The monostahle

circuit has only one stable state (output low) hence the name monostahle.

: :
= Monos:aoje
L ‘ multhbrztar
_Um: ;
T, T,

et

Fig 9.8 : Monestable circuil,

Once triggered. the circuit’s output will remain in the digh state until the set
time, I clapses. The output will not change its state even if an inpur ingger is applied
again during this time interval ¢ The cireuit can be reset during the liming cyele by
Zpolying negative pulse to the reset terminal. The output will remain in the low state
until a wigzer is ugain applied.
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To discharging clrooit

Io charglng clesult

Fig 9.9 : Circuit diagram for monostable

Fig 9.9 shown circuit diasram contain two monostable multivibrator , one using to
control for charging circuit , and other to control for discharging circuit .

Fust one (Ul 555) using 1o control with charging circuit , when the trigger pulse
coming from comperator circuit , thig circuit will generate pulse shown in fig .10 with
known duration ofthe output pulse in seconds is approximately equal to:

t'=1.]1*R6%C2

- yau can control for these time by vary R6 to get suitable charging time _

_B000e 105 1 O 30 Mirme 50,0

W W

T I W e g el

Fig 9.10 : Generate pulse .

Where:

- Green line (first wave ) is a trigger pulse from comparatar circuit.
- Red line is (second wave Joutput pulse from monostable multivibrator.
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Second monostable multivibrator get trigger from the the first one, and give
another pulse using to control with discharge circurt.

0.000me 10 00me 20,00ms 30.00me 40 Oowe 50 00
Aot g '_| ‘_ |__ BESERER ) 1500V

| oD0av
= T |

| | | [[] -

Fig 9.11 : Control with discharge circuit.

Where:

- Green line (first wave ) is a trigger pulse from the first monostable multivibrator
- Red line(second wave) is output pulse from the second monostable multivibrator.

= duration of the oulput pulse in scoconds-is approximately cqual ta;

t =1.1 *R8*C7

- vou can control for these time by vary R to got suitable dicharging time The
monasiable duration is programmable with the trimmer B8 in arrange between 0.
5to 5 ms.

- D1 in circuit using to protect monostable multivibrator for high voltage .

- CI using as coupling capacitor using to couple these two stage .




9.5 Charging and discharging circuit:
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Fig 9.12 : Charging and discharging zircuit

monostable multivibrator (111} gensrate oulpul pulse duration fixed (o aboul 10
ms. This output dircctly drives the MOS-FET type "p" .this will active on fall edge of
this pulse, which cnables o charge the 5SuF- capacitor from  (he power supply voltage
30V, while the MOS-FET tyvpe "n" ig cut-off so that the MOS-FET behaves as open
swilch Jthiese case shown in hig 9,12,

Omce the capacitor charge monasiable pulse 18 [fmshed, lhe second monostable
L'2)is activated on its falling edge of the second pulsc | and this delermines the duration
of the discharge on the 100 Obhm-resistance. which represents (he section of the human
hody 1 which the electrodes are apnlied.




The 100 Ohm (R&) given to the simulation resistunce of the hurman oy
Aepresents the average value between the possible wvalues taken by the different
situations of direct application to the heart, in which the ellective value is lower and in
the applications of the electrodes 1o the chest in which the resistance is higher and
depends on the distance between the same electrodes,

When this MOS-FET conducts, the first MOS-FE tvpe "p" is naturally cut off
and so the capacilor charge kseps insulated from the rest of the cireuit and it can
discharge only across the netwirk consisting of the 100 ohm-inductance and resistance,

The energy stored in the cepacitor is:

The value of the energy content is proportionally reduced in respect 1o Lhe real
equipment due to the availability of very low voltages in respect to the ones normally
used. current peak of 60 A for | to 2 ms. voltages from 700 1o 1000 V and caicrgies up
o 360 1.

The SuF-charge and discharge capacities and the 60mH-inductance have been
chosen according to the relation between these charge and discharge wvalues of the
CHpacitor,

To abtain u damped oscillating behavior of the discharge. the values of the inductive
and capacitive component topether with the resistance one simulating the coneerned
seciion ol the human body, must satisfv the follewing relation:

g [

R« 3(1:]
WG

With the compunents of the circuit the expression on the right (-200) satisfies the
relation and the discharpe effectively oceurs in damped oseillatory mode.




The conduction phase duration of the MOS-FET type "n" determines the value of the
energy transferred from the capacitor to the 100 Ohm-resistor which represents the patient
and so enables the simulstion of progressively inereasing dosing of energy.

0.000ms _ 10.00rs 3000ms ___ %0.00me 50.00ms

20.00ms
: u w5V
? - ' . 1750V

T

"-2.500V

o8 g4 4 :L’l—
| |
t

| co7.3

AL | N\ | T3000m

i\ | [
l 9% . I == f\V*-mnm

Fig 9.13 : Output waveform for defibnllator |

Where:

- Red line(first wave ) 15 input pulse on P-type MOSFT from.

- Blue line (second wave )is input pulse en N-type MOSFT from,

- Green lme (third wave ) is the output current applied to the patient .

= i



0.6 Defibrillator electrodes:

Elecirods and their cables atiach o the delibriliator to actually apoly curreat
through the body and heart to depolznze myocandial cells. Thomecic electrodes and
the diract heart elecirodes usually consist of hare metal disks made of noncorrosive
material. Size varias, with electrades for transchest applicatian being in the range of
8-13 em in diameter. Electodes for dircet defibrillation are usually 4-8 em in

chameicr,

There are many stvles of defibrillator and here | will Ulustrate several popular
stvles as in this Tigure:

a) Anlerior Paddle:

In this design the insulted handgrip is perpendicular 10 the metal
glectrodes surface. The high-valtage cahle enters [rom the side. A thumb switch
to contro] the dischargs iz mounted at the top of the grip.




b) Posterior Paddle:

Constructzd flat and 15 designed so that the patient can lie on it This style
of paddles always paired with one anterior paddle to form an agterior-posterior

DElr

¢} D-Ring Anterior Paddie:

Modem anterior paddles. [his style of paddle is used in most current modal
delibrillators and has been popular on portable models for some times.

d) Internal Paddie:

This type of electrode 1 use during open heart surgical procedures Lo apply the
electrical shock directly to the myocardium, so usually resemble spoons mounted on
the ends ol long handles which can be easily inserted mlo a thoracic incision.

The discharge switch is usad to fire the defibsllator by energizing the charger
transfer relay. In some models, 8 will be mounted on the front panel, but in most
models it will be one of the paticnt clectrode paddles, Some manue! facturers
actually use two switches in series for the safery. Discharge of the defibrillator
cannol cecur unless both switches are closed.

For transchest application, low-resistivity clectrodes interface material (gel)
must be applied betwesn the skin and the thoracic electrodes in order to establish a
low-resistivity pathway for electric current How, as we note this gel is used to ensure
an wnefficient transfer of charge and reduce any buming of the patient’s skin.

L




Chapter Ten

Testing and implementation

1- Power supply:

Fig 10.1:Power supply circwt

- 60 =




2- Comparator circuit :

Fig 10.2: Comparator circuit

Fig 10 3: Comparator circuit outpui




3- Moanostable multivibratar :

Fig 10.4 : Monostable multivibrator circuit

Fig 10.5: Monostable multivibrator output




4- Charging and discharging circuit:

Fig 10.6 : Charging and discharging circuit

Fig 10.7 - Charging and discharging output




5- ECG Amplifier cireuit:

Fig 10.9. ECG Amplifier output put



Fig 10.10 : Complete defibnllator circuit




Chapter Eleven

Conclusion and Future Work

10.1 Conclusion:

LA

(]

fibrillator (s a Deviee that used to apply a strong electrical shock to the
heart muscle underpomg a fatal arrhythmia, the shocks can restore normal
heart thythms before the malfunctioning heart sullers sadden cardiac arresl. a
se1zure than can Jead to death within minutes.

Synchronized Cardioversion refers 1 an electrical encrpy discharge fhat is
synchronized with the large R or & wave of the QRS complex
S ynchronization in the carly part of the QRS complex avoids enerpy delivery
in the early phuse of repolarization when ventricular fibrillation (V) can he
gasilv induced.

In project vou can controlled for the amount of energy delivering to the
patient by vary the potcatiometer{RV 1) in monostable multivibrator cizeuit,

Project circuit will give amount of energy to the patient until detection heart
arthythmia, if not deteetion it will not give any chack .




10.2 Future Work:

Adding LCD screen 1o view defibrillator wave before Appling 1o the
patient.

Adﬂing other Circuits (such as seven Segment circuit ) thal use to display the
amount of encray delivering to the patient.

Design other cirguits USINg To generate other Waveforio using in defibrillaror
such as tapered de delay, and trapesnidal waveforms,

Adding biphasic modes in project .

Design defibrillator tester W ensure that the amount of energy delivering
patient is corrset value |

Adding msimchronizing made in projeet.

B
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Philips Semiconductorns Product specification
N-channel TrenchMOS™ transistor IRF540, IRF5408

FEATURES

* "Trench’ techinchagy

* Low oni-clate resizstanca
- Fast switching

' nw thermal reslstanns
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SAMSUNG ELECTRONICS INC
IRF9530/9531/8532/8533
IRFP9130/9131/9132/9133
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P-CHANNEL
POWER MOSFETS

FEATURES

* Lowar Rag e

= Improved Inductive ruggedness

* Eas! owitching fimes

* Rugped pelysllican gate cell structure
* Lowsr Inpul capackance

* Exiended ==fe oparating aros

* Improved high tampareture sslizbility
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ANALOG
DEVICES

Low Cost, Low Power
Instrumentation Amplifier

—_

AD620 |
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Widr Powier Supnly fa nge [=22 Vi 218V
Highsr Pacformance than Thees Op Amp 1 Drmigrs
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AFPPLICATIONS
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