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Abstract

Title of thesis : An Intelligent Electrocardiogram Tutoring Package
- EKGCHALLENGER
Name of Student : Santosh K. Ananthraman
Master of Science in Electrical Engineering, 1989
Thesis Advisor : Dr. Stanley Reisman, Professor and Associate

Chairman, FElectrical Engineering Department

This thesis presents the development and implementation of an intelligent elec-
trocardiogram tutoring package, namely, EKGCHALLENGER which is meant
for use in medical schools to teach medical students a method of diagnosing
electrocardiograms.

EKGCHALLENGER is an IBM - PC based, user friendly package. It works
in two basic modes. The first is a tutorial mode wherein the user is taught
the step-by-step diagnosis of electrocardiograms ( EKGs ) which are presented
in order of increasing difficulty. The second is the challenger mode wherein
the user is asked to diagnose EKGs which are randomly chosen from an EKG
database. The diagnosis of the user is compared with that of an expert system,
(which is a section of this package) so that a score can be awarded to the user
as a measure of his competence in diagnosing cardiac arrhythmias.

The expert system is written in Prolog. It is a rule-based system and has,
at present, the capability of diagnosing 43 kinds of cardiac arrhythmias using a
depth-first mode of search. The 43 arrhythmias detected by the system include
the cardiac arrhythmias encountered under emergency conditions.

This expert system can also be used as a stand-alone unit either as a learn-
ing tool which a student can use to practice diagnosing EKGs, or as a pre-
liminary diagnostic tool by non-trained individuals who are assisting patients

entering the emergency medical system.
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1. Introduction

1.1 An Introduction to Artificial Intelligence

According to the most common definition, artificial intelligence, or Al as
it is popularly known, is the art of making computers do smart things. Some
of the more technical definitions are as follows :

As a branch of software engineering, Al is merely a collection of
programming techniques that makes a computer do certain tricks : communi-
cate with the user in a pseudo natural language, behave like a pseudo expert
trouble shooting in highly specialized domains, and so on. From the program-
ming point of view, the Al style of programming differs from the conventional
style, in that, the programmer, instead of telling the computer what to do in
every conceivable situation, tells it only what it needs to ‘know’- i.e certain
facts , skills and rules of the thumb that the system can apply to the changing
situations that it encounters as it goes along. The point here is that the ma-
chine can now perform flexibly and sensibly instead of rigidly and mechanically
[1].

According to Roger Schank, (one of the gurus of AI) Alis a part
of the grand attempt to understand thinking [1].

Artificial Intelligence is the study of mental facilities through the
use of computational models [2].

Artificial Intelligence is the study of how to make computers do
things at which, at the moment, people do better [3].

From the philosophical point of view, Al is the study of knowledge;



what knowledge is and how it can be represented usefully, in a computer [1].

Every theory, in the scientific world, has to have a real world application in
order to be considered useful. This holds for artificial intelligence too. Given
below, are some of the areas in which the theoretical knowledge of Al is being
applied in current day research.

1.1.1) Computer Aided Instruction : Intelligent computer aided instruction

(CAI) programs which diagnose each student’s level of understanding and thus,
adjust themselves to react to each student individually according to his ability,
have been created and marketed successfully [2].

1.1.2) Ezpert Systems: This is one of the most popular and acclaimed areas

of Al, as far as applications are concerned. An expert system can solve prob-
lems that are typically domain specific and highly specialized, which ordinarily
would require the attention of a human who happens to be an expert in that
field [4]. Areas of application range from medicine to geology to configuring
VAX computer systems.

1.1.3) Natural Language Processing : This is a highly venturesome area,

which aims to get the computer to understand and communicate in the natural
language (like English) of its users. Although there are programs that can
understand stories and draw conclusions out of them, the trouble lies in getting
the computer to be able to recognize the contextual use of words. For example,
it must be able to distinguish between the contextual use of the word ‘dined’
in [3] :

1. I dined with a friend.

2. I dined with a fork.



1.1.4) Computer Vision : This again is a fledgeling area with a lot of poten-

tial. A good example of its success and prospects is a vehicle built at Carnegie
Mellon University that propels itself by using a self-correcting visual guidance
and navigation system [1].

1.1.5) Robotics : This is a well known ‘sister area’ of AI which has gained
publicity from both fictional (science fiction) and non fictional (industrial)
applications. Current real world applications include Flexible Manufactur-
ing Systems in automotive industries and also in hazardous areas like nuclear

power plants [1].

One underlying principle is what is known as the ‘Superhuman Human
Fallacy’ [8]. This is best explained with the help of an example. Let us

assume that there are two people A and B talking to each other. A says to
B, “You say that your computer is intelligent; can it compose the sonatas of
Beethoven or write works similar to the works of Shakespeare 7”. To this, B
calmly retorts, “Can you 7”.

The basic thing to be understood here is that, contrary to the popular
misconception, Al aims at making the computer resemble an ordinary human

being like any of us and not a superhuman.

1.2 Why an Al Language Was Chosen for This Application

This thesis describes the construction and implementation of an intelli-

gent electrocardiogram tutorial package called the EKGCHALLENGER. The

backbone of such a package is a system that verifies the student’s diagnosis of



electrocardiograms. Thus, Al techniques were employed and an expert system
was created for this purpose. This section justifies the choice of an Al language
over that of a conventional language for the creation of the expert system.

Almost all of the conventional languages like BASIC, PASCAL, FORTRAN
and C are termed, ‘procedural’ languages. These languages are very far from
the natural languages that we use in day-to-day life. It has been proven
without doubt that the human mind definitely does not think (under natural
circumstances) like a procedure in Pascal; it can never be as systematic as
that. Were this the case, we would not have to make a special effort to write
programs but could key them in directly.

In contrast, Al programming languages are a lot closer to natural languages
and the way we think. Such languages are called declarative languages. Some
of the commonly used Al languages are LISP (List Processing), Prolog (Pro-
gramming in Logic), and Smalltalk. Thus in a language like Prolog, you can
declare, or describe to the computer, the logical relationships (in the form
of facts and rules) which define the problem and leave the rest to Prolog; to
extract the result by a process of ‘unification’ [5] and ‘backward chaining’ [5].

One other major advantage is the compactness of code that is achieved by
using a declarative language like Prolog. A few pages of code written in a
procedural language like Pascal can often be reduced to a few lines of Prolog

code. This can be best understood with an example.

An Ezample [4] :

Consider the task of searching through a maze which is as defined in the



Consider the task of searching through a maze which is as defined in the

figure given below :
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In the maze, each location, which represents a possible move , has a unique
number in the upper right corner. The locations which are valid moves are
shown as empty boxes and the invalid ones with boxes that are crossed out.
Assuming that our starting point is location 3 and our goal is location 15,
we can see that there exists the following path from the starting point to the
goal :
3-6+7>8>12>16>15

To write a solution to the maze in a procedural language like Pascal, we

would have to write instructions for all the necessary steps. For example, we

must write instructions to determine if a move is valid or invalid and also
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program maze (input, output);

type
path-array = array[l..6, 1..2] of integer;

const

max-path = 6;

path : path-array = ((3,6),(6,7),(7,8),(8,12),(12,16),(16,15));
var

goal, start : integer;
procedure search (start, goal : integer);
[This procedure searches through the maze. |
var

found : boolean;

1: integer;

begin

found := false;
1:=0;

repeat
1:=1+41;

if start = path[i,1] then begin

found := true;

writeln(‘Move from ’, path[i,1], ‘to’, path[i,2]);
end;

until (found) or (i = max-path);

if found then begin

if path[i,2] neq goal then
search(path[i,2],goal) else

writeln(‘Solution found. ’);

end



else writeln(‘No solution for the maze.’);
end;
begin

[main program|
writeln(‘Please input start of maze ’);
read(start);
writeln(‘Please input the end of maze ’);
read(goal);

search(start,goal);

end.
stk sk sk sk sk sk ok ok s sk ok sk sk sk sk sk sk ok skesk kst sk kst stk sk ok sksk ok sk sk ko skesk ok ok ok ok sk sk ok sk ok kR s R koK

In this procedural approach one must define both the data structures and
the algorithm needed to solve the problem. With our problem, it is necessary
to define a data structure to store the important information concerning the
paths that are available for travel. A discussion of the program follows :

‘Path-array’ is a 6 X 2 array of integers that specifies the valid moves within
the maze. For example, (3,6) would indicate that a valid move could be made
within the maze from location 3 to location 6. A constant ‘max-path’ also has
to be specified in the beginning of the program to indicate the exact number
of valid moves within the maze. The procedure ‘search’ searches through the
maze using recursion. The user is asked to input the starting location and
the ending location (i.e, the goal). These parameters are passed on to the
procedure ‘search’ that looks for the solution by checking each element of the
path array and updating its current path. Finally, an appropriate message is
printed out, i.e solution found/not found.

At this point, the disadvantages of this implementation become clear. If

10



one were to increase the dimensions of the maze, one would also have to
change the data structure by changing ‘max-path’ and the ‘path-array’. Even
the procedure ‘search’ would have to be modified to incorporate the change in
the data structure.

At this point, let us look at an equivalent Prolog program :

sk sk sk sk sk sk sk sk sk sk sk sk ok skesk sk sk st sk ok sk sk skosk sk skeok skesk sk skeskokstesk sk skoskskstesk skokeskskok skokosksk ok kekokok

predicates
find-goal(integer,integer)
path(integer)
clauses
find-goal(Start,End) :-
path(Start,End), write(“Goal is”,End),nl.
find-goal(Start,End) :-
path(Start,G), !,
write(“Move from”,Start,“To”,G), nl,
find-goal(G,End).

[Fact Database |
path(3,6).
path(6,7).
path(7,8).
path(8,12).
path(12,16).
path(16,15).

Notice the obvious shortening of code size because of the use of Prolog. A

brief discussion of the program follows :

First, the known facts are defined in the Fact Database. In this case, they

11



are clauses of the form ‘path(12,16)’ which means that there is a valid path
from location 12 to location 16. The main body of the program is in the form
of ‘if-then’ rules. An example of an ‘if-then’ rule follows :
grandpa(X,Z) :-

male(X),

parent(X,Y),

parent(Y,Z).

The above stated rule has the form :
(conclusion) if [(A) and (B) and (C)] are satisfied.

That is, X is the grandfather of Z if X is a male, X is the parent of a Y
and this Y is the parent of Z.

The rule that does the actual searching is ‘find-goal(Start, End)’. The user,
in order to run this program has to key in the following goal :

find-goal(3,15)

This prompts the program to do a recursive search and look for a path start-
ing from location 3 to location 15. Thus in the clause ‘find-goal(Start,End)’,
Start is equated to 3 and End to 15. If the program sees a solution in the set
of facts immediately, it just picks it up and prints it out. If that is not the
case, it goes through the set of facts till it finds a solution.

The most important feature to be noted is that the programmer did not
have to define the algorithm to be used to search the maze. The second
advantage is that on increasing the size of the maze, all that the programmer
will have to do is to key into the database the new path validities. The main
program can remain untouched and will work for a 4 X 4 maze or a 25 X 25

maze, which means that the flow of control in the program is independent of

12



the set of facts.

It is for these reasons that an Al language was chosen for our application.

1.3 Introduction to the Physiology of the Heart

1.3.1. A General Description of the Heart

The heart is a muscular organ located in the thoracic (chest) cavity and
enclosed in a fibrous sac called the pericardium [6]. It is divided longitudinally
into right and left halves, each consisting of two chambers, an atrium and a
ventricle. The right and left atria and the right and left ventricles thus form
distinct chambers. Between the cavities of the atrium and the ventricle in each
half of the heart, are atrio-ventricular valves, which permit blood flow from
the atrium to the ventricle but not vice versa. The right AV valve is called the
tricuspid valve and the left one, the mitral valve. There are two other sets of
valves that allow the heart to transfer blood into the arteries. These are the
aortic valves and the pulmonary valves. The opening and closing of the valves
is a passive process and is brought about by the difference in pressure across
the valves. The human heart is shown in Fig (2).

The heart has a special excitatory system for generating rhythmic impulses
to cause rhythmical contraction of the heart muscle and a conducting system
to conduct these impulses throughout the heart [7]. A large share of the
illnesses of the heart are contributed to by the abnormalities that arise in
these excitatory and conducting systems. Fig (3) shows the excitatory and

conducting system of the heart.

13



An adult human heart, normally contracts at a rhythmic rate of about
72 beats per minute. These cardiac contractions are strictly controlled by the
excitatory and conducting systems. The sino-atrial (SA) node is where the nor-
mal, rhythmic, self-excitatory impulse is generated. At the atrio-ventricular
(AV) node, the impulse from the atria is delayed before passing into the ven-
tricles. The AV bundle (also called the ‘Bundle of His’) conducts the impulse
from the atria to the ventricles. The Bundle of His divides into the left and
right bundle branches. The Purkinge fibers conduct the cardiac impulse from
the Bundle Branches to all parts of the ventricles. Shown in Fig. (4) is the
time-delay from the origin of the impulse to the its distribution in the ventri-
cles. The numbers on the figure are in seconds and represent the delay in the
various stages of transmission of the impulse. Therefore, the SA node triggers
these cardiac impulses at the rate of 70 - 80 times per minute which is why

the SA node is called the ‘pacemaker’ of the heart.

1.3.2. Depolarization and Repolarization

All cells, under resting conditions, have an electrical potential difference
across the cell membrane oriented so that the inside of the cell is negatively
charged with respect to the outside. This is called the resting membrane
potential of the cell and can vary from 5 mV to 100 mV in magnitude [6]. The

transient changes in the membrane potential from its resting level constitute

electric signals that alter cell activity. Depolarization and repolarization are

terms that are used to describe the direction of changes in the membrane

potential relative to the resting potential.

14



The membrane is said to be depolarized when the membrane potential
becomes less negative, closer to zero or positive, with respect to the resting
level. This, in fact, could cause polarity reversal making the inside of the cell
positively charged with respect to the outside. Fig. (5) gives a graphical rep-
resentation of these potentials. Thus, depolarization is said to have occured if
the membrane potential is shifted upwards, along the Y axis, above the resting
level. Repolarization is said to have occured when a depolarized cell is brought

back to its original resting level.

1.3.3. The Flectrocardiogram

As the cardiac impulse passes through the heart, electric currents spread

into the tissues surrounding the heart, and a small proportion of these spread
all the way to the surface of the body [7]. Thus, if electrodes are placed in
suitable places on the body, the electric potentials generated by the heart
can be recorded; this recording is called the electrocardiogram. A normal
electrocardiogram (or EKG as it is commonly known) is shown in Fig. (6).
A normal EKG is composed of a ‘P wave’, a ‘QRS complex’ and a ‘T wave’.
A ‘U wave’ sometimes follows the T wave and is of the same polarity as the T.
It normally goes unnoticed because of its low magnitude. Its mechanism is un-
known, but it becomes taller in hypokalemia and inverted in heart disease [17].
A heartbeat is considered to be normal even in the absence of the U wave. The
QRS complex is formed by the Q wave, the R wave and the S wave [7]. The
P wave is produced by the currents that result when the atria depolarize prior

to the contraction. The QRS complex is produced by the currents that are

15



generated when the ventricles depolarize, prior to the contraction. Thus, both
the P wave and components of the QRS complex are depolarization waves.
The T wave is caused by currents generated as the ventricles recover from the

state of depolarization, and such a wave is called a repolarization wave.

1.3.4. Voltage and Time Calibration of the EKG

All recordings of electrocardiograms are made with appropriate calibration
lines on standard recording paper. As shown in Fig. (7), the calibration lines
are so arranged that ten small divisions in the vertical direction in the standard
electrocardiogram represent 1 mV, with positivity in the upward direction and
negativity in the downward direction [7].

The vertical lines on the electrocardiogram are time calibration lines. Each
millimeter in the horizontal direction is 0.04 second and at every 5 mm, there
is a darker vertical line; the intervals between these lines representing 0.20
second [7].

The voltages recorded on an electrocardiogram depend on the manner in
which the electrodes are applied to the surface of the body. When an electrode
is placed directly over the heart and a second one elsewhere on the body, the
voltage of the QRS complex may be 3-4 mV. If this is measured as a monopha-
sic action potential directly from the heart muscle, one might get a reading
close to 120 mV. When electrocardiograms are recorded from electrodes on
the two arms or one arm and one leg, the QRS complex is usually 1 mV from
the top of the R wave to the bottom of the S wave, the voltage of the P wave

is between 0.1 to 0.3 mV, and that of the T wave is between 0.2 to 0.3 mV.
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The normal P-R interval is approximately 0.16 second and the Q-T interval
0.30 second.

The heartrate can be determined from these electrocardiograms since the
time interval between two successive beats is the reciprocal of the heart rate.
For example, if the interval between two successive QRS complexes is 0.83 sec-

ond then, the heart rate is 60/0.83 beats per minute, or 72 beats per minute.

1.3.5. Electrocardiographic Leads

There are three standard limb lead arrangements from which electrocar-
diograms are recorded. Fig. (8) illustrates the actual connections between the
‘standard’ limb leads and the electrocardiograph.

Lead I : To record limb lead I, the negative terminal of the electrocardio-
graph is connected to the the right arm and the positive terminal to the left
arm.

Lead II : In recording limb lead II, the negative terminal of the electrocar-
diograph is connected to the right arm and the positive terminal to the left
leg.

Lead III : To record limb lead III, the negative terminal of the electrocar-
diograph is connected to the left arm and the positive terminal to the left leg
[7]-

The above three limb leads obey Einthoven’s Law, the statement of which
follows : If the electric potentials of any two of the three standard electrocar-
diographic leads are known at any given instant, then the third one can be

determined mathematically by simply vector-summing the other two [7].
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Fig. (9) shows the simultaneous recordings of the EKG in leads I, II and
II1. On analysis of the EKGs we can see that at any given instant, the sum of
the potentials in leads I and III equals the potential in lead II thus comfirming
the validity of Einthoven’s Law.

In this thesis, EKGs are recorded using the lead II arrangement.

1.3.6. A General Introduction to Cardiac Arrhythmias

Of all the disorders that could occur in the heart, the abnormalities with
regard to the rhythmicity of the heart are most prevalent. The conditions
wherein the EKG strips display abnormalities with regard to the rhythmicity
of the heart are clinically termed cardiac arrhythmias [7].

These abnormal cardiac rhythms are generally caused by the following con-

ditions [7] :

1) Abnormal rhythmicity of the pacemaker itself.

2) The shift in location of the pacemaker from the sino-atrial node
to other parts of the heart.

3) Blocks at different points in the transmission of the impulse
through the heart.

4) Spontaneous generation of abnormal impulses in any part of the
heart.

5) Physical abnormalities in the heart.

6) Effect of external agents like drugs.
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The expert system in this thesis possesses the ability to identify 43 different
kinds of cardiac arrhythmias. These are grouped under 7 major sub-categories

a description of which follows :

1.3.6.1) Sinus Rhythms

i) Normal Sinus Rhythm

Under this condition, the heart is said to be normal. The P wave, the QRS
complex and the T wave are all normal and the heart rate is between 60 and
100 beats per minute. The P-P and R-R intervals are regular too.

ii) Bradycardia and Tachycardia

The term bradycardia means a slow heart rate while tachycardia means a

fast heart rate. The former is defined as slower than 60 beats per minute and
the latter as faster than 100 beats per minute. Bradycardia can occur due to
any circulatory reflex that stimulates the vagus nerve [7]. It can also be seen in
an athlete’s heart which is considerably stronger than that of a non-athlete’s.
Tachycardia generally occurs due to the following three reasons: increased
body temperature, stimulation of the heart by the autonomic nervous system,
and the toxic conditions of the heart [7].

iii) Sinus Arrhythmia

This condition occurs when the heart rate increases with inspiration and
decreases with expiration. It is common and not considered to be pathological
in children and must be treated only in older patients. On the EKG strip one
can see cyclical variation in the P-P and R-R intervals.

iv) Sinus Block
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When the sino-atrial node produces an impulse to depolarize the atria, but
this impulse is blocked and thus prevented from leaving the sino-atrial node,
a sinus block is said to have occured. This could result in one or multiple
missed beats i.e, missed cardiac cycles. Here, the P-P and R-R intervals are
irregular and the long P-P and R-R intervals are multiples of the short P-P
and R-R intervals respectively. The fact that impulses are indeed produced
but are blocked, is not obvious from the EKG but is a known fact from other
experiments [17].

v) Sinus Arrest

This condition occurs due to the failure of impulse formation within the

sino-atrial node. This results in an escape beat which is caused by the pro-

duction of an impulse from a lower pacemaker region. Hence, because of the

production of the escape beat, both P-P and R-R intervals are irregular but
the long P-P and R-R intervals are not multiples of the short P-P and R-R

intervals respectively. On a surface EKG, there is no foolproof way to distin-

guish complete sino-atrial block from sinus arrest [17].

1.3.6.2) Atrial Abnormalities

1) Wandering Atrial Pacemaker

This condition occurs when different sites within the atrial muscle initiate
the heart beat, and thus the pacemaker is said to be wandering in nature and
not constant. The major feature here is that the P waves, under this condition,
are dissimilar, i.e, of varying shapes.

ii) Premature Atrial Contraction
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This condition is initiated by an ectopic focus located anywhere within the
atria. The ectopic focus is a freak, spontaneous impulse which causes an early
heartbeat. Thus a P wave occurs before the next heartbeat is due to occur.
This premature P wave is different from other P waves and is followed by a
pause, with a later return to normal sinus rhythm.

iii) Parozysmal Atrial Tachycardia

These are runs of premature atrial contractions which have a rapid rate
usually between 150 to 250 beats per minute. This condition is also charac-
terized by sudden onset and offset.

iv) Atrial Flutter

This condition shows a rapid, almost coordinated [7], thythm caused by an
ectopic, atrial focus. The P waves are produced at a rate of 250 to 350 beats
per minute. These P waves look like sawtooths.

v) Atrial Fibrillation

This condition shows an even more rapid, uncoordinated [7] rhythm caused

by multiple atrial ectopic foci. The waves are not discernible as P waves. The

rate is between 250 to 350 beats per minute and the baseline is generally noisy.
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1.3.6.3) Junctional Abnormalities

i) Junctional Rhythm

The tissue of the atrio-ventricular node and its surrounding area is called
junctional tissue. If the rate of impulses entering this tissue from the atria
falls below 60 beats per minute, then it may start to send out impulses at
its own rate, generally between 40 and 60 beats per minute. This is termed
junctional rhythm. The impulses generated here are conducted back to the
atria. Because of this, the P wave is usually abnormal and could appear before
or after the QRS complex.

ii) Junctional Escape Beat

If the impulse from the sino-atrial node fails to trigger a heart beat, then a
pause in the normal heart thythm occurs. To escape a long pause in rhythm,
the atrio-ventricular junctional tissue may initiate an escape beat. If the sino-
atrial node fails to resume pacemaker activity, the junctional tissue may con-

tinue to produce impulses and this condition is thus called junctional rhythm.

iii) Premature Junctional Contraction

This condition occurs due to the irritable nature of the junctional tissue. A
junctional impulse occuring before the next expected sino-atrial node impulse
is called a premature junctional contraction. Thus, the P wave associated with
a premature junctional contraction may be hidden in the QRS complex. If the
P wave happens to be visible, it is abnormal. The PR interval will be of short
duration if the P wave occurs before the QRS complex.

iv) Junctional Tachycardia

This condition, again, is due to the irritability of the junctional tissue. A

22



junctional rhythm occuring at a rate greater than 100 beats per minute is
junctional tachycardia. This is identical to junctional rhythm in every way

except for the increased rate.

v) Ist Degree Heart Block

If an atrial impulse shows difficulty in being conducted through the atrio-
ventricular node, then an atrio-ventricular block is said to have occured. The
first degree heart block (AV block) is caused by an increased conduction time
through the AV node. Thus, the PR interval appears prolonged.

vi) Wenckebach

This condition, which is also a kind of IInd degree AV block or Mobitz
Type I, is caused by the increased difficulty of successive atrial impulses to
penetrate the AV node. Thus the PR interval shows a progressive lengthening
until a QRS complex is dropped.

vii) Mobitz IT

This condition is caused by a total failure of some atrial impulses to cause
ventricular contraction. It is detected by a constant PR interval for conducted
impulses and a dropped QRS complex for non-conducted impulses.

vili) Third Degree AV Block

This condition is also called complete heart block. The complete failure
of atrial impulses to pass through the AV node makes the ventricles indepen-
dently active. This condition generally exhibits a ventricular rate lower than

60 beats per minute while atria beat at a higher rate.

1.3.6.4) Ventricular Abnormalities
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1) Idioventricular Rhythm

If the ventricular muscle is not excited by the conduction pathway, it may
generate an impulse on its own. Regular, spontaneous impulses occuring in
the ventricular muscle and causing ventricular contractions constitute an id-
ioventricular rhythm.

ii) Accelerated Idioventricular Rhythm

An idioventricular rhythm with a rate between 60 and 100 beats per minute
is called an accelerated idioventricular rhythm.

iii) Ventricular Tachycardia

An idioventricular thythm with a rate above 100 beats per minute is called
ventricular tachycardia.

iv) Wolff-Parkinson- White

In some hearts, the atrial impulses are conducted to the ventricles over
an alternate pathway called the Bundle of Kent. Impulses travelling through
the Bundle of Kent avoid the conduction delay experienced by impulses which
travel through the atrio-ventricular node. Such a condition is called the Wolft-
Parkinson-White syndrome. Under this condition the QRS complex is pro-
longed and the PR interval is a short delta wave. Fig. (36) shows the Wolfl-
Parkinson-White syndrome.

v) Bundle Branch Block

When the pacemaker impulses cannot travel through one of the Bundle
Branches i.e, left or right, then a bundle branch block is said to have oc-
curred. It could be called left bundle branch block or right bundle branch
block depending on the bundle branch that does not conduct. When a branch

block occurs, the impulse depolarizes the non-blocked ventricle first and later

24



spreads through the myocardium into the blocked ventricle.

vi) Premature Ventricular Contractions

These are premature contractions of the ventricular myocardium. They
arise due to ectopic, ventricular impulses which occur prematurely, and thus
cause the ventricular muscle to contract prematurely. Premature ventricular
contractions are the commonest kind of arrhythmias. Although PVCs may oc-
cur ocassionally, their occurence at a rate of 6 or more per minute is considered
pathological. PVCs occur due to the increased excitability of the ventricular
tissue. This may be caused by agents like drugs, smoking, coffee, alcohol or an
electrolytic imbalance. The basic feature is that the QRS occurs prematurely
and is somewhat wide and distorted. Other important detection features are
given below :

PVCs could be characterized the presence of a fusion beat which
looks like a hybrid between a normal QRS complex and a PVC.

PVCs could be characterized by the presence of a full compensatory
pause.

PVCs could be characterized by the presence of an tnterpolated beat,
i.e, when a PVC inserts itself between two QRS complexes but does not disturb
the basic rhythm.

PVCs could be characterized by their unifocal nature, i.e, they might
have arisen from the same ectopic focus and are identical in shape.

PVCs could be characterized by their multifocal nature, i.e, they
might have arisen from different ectopic foci.

PVCs could be characterized by the presence of bigeminy, 1:2 trigeminy,

2:1 trigeminy or 3:1 quadrigeminy. All of these are characterized by the ratio
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of occurence of normal beats to that of PVCs. That is, bigeminy is a repeating
sequence of one normal beat followed by one PVC, 1:2 trigeminy is a repeating
sequence of one normal beat followed by two PVCs, and so on.

vii) Ventricular Tachycardia

A run of three or more premature ventricular contractions is called ven-
tricular tachycardia. Ventricular tachycardia is dangerous when the amount
of blood pumped out of the heart is insufficient to maintain circulation. Also,
ventricular tachycardia may degenerate into ventricular fibrillation or cardiac
arrest, which could lead to the death of the patient. These could be of the
following types :

A run of ventricular tachycardia which shows sudden onset and

sudden offset is called parozysmal ventricular tachycardia.

Ventricular tachycardia could also be characterized by the presence
of a fusion beat, which results from multiple foci being activated in the same
region of the myocardium, thus giving rise to a hybrid waveform. Here, the P
wave could be absent altogether or if present, shows an abnormal PR interval.

Ventricular tachycardia could also be characterized by the presence
of capture beats. This is also known as a Dressler beat. A normal looking QRS
complex shows up between a run of ventricular tachycardia in this condition
and is caused due to a rare, normal, ventricular depolarization that ‘captures’
a conduction pathway impulse.

viil) Ventricular Flutter

This is a rapid run of ventricular beats that is seen as a smooth sine wave,
or regular zig-zag rhythm. The rate of ventricular flutter is generally between

150 to 300 beats per minute. Under this condition, there is no organized
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contraction of the heart and thus the amount of blood pumped out by the
heart is greatly reduced.

ix) Ventricular Fibrillation

Numerous ectopic ventricular foci firing simultaneously produce irregular
and chaotic undulations of the EKG baseline that are devoid of any repeating
waveform. This condition is called ventricular fibrillation. This, together with

cardiac arrest form two of the most deadly conditions of the heart.

1.3.6.5) Enlarged Hearts

A heart chamber becomes enlarged due to either volume or pressure over-

load. Both atria and ventricles are susceptible to enlargements. Enlarged

chambers possess a greater mass. Because of this increased mass, the waves
of depolarization produced by the enlarged chambers have larger amplitudes

and take a longer time to travel through the tissues.

1) Atrial Enlargement

These could be of three kinds, left atrial, right atrial and biatrial. The
shape and amplitude of the P wave is affected by these conditions. For Lead
II left atrial enlargement produces either a notched or widened P wave. In
right atrial enlargement, the P wave is peaked and in biatrial enlargement, the
P wave has a large amplitude.

ii) Ventricular Enlargement

This condition is characterized by either ST segment depression or T wave

inversion.
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1.3.6.6) Damaged Hearts

Lack of adequate supply of blood to the heart can damage it. The condi-
tions that arise are known as the three I's of heart attacks. These are ischemia,
injury and infarction. All of these are characterized by ST segment elevation
or depression and/or T wave inversion.

i) Ischemia

Ischemia is the mildest form of heart damage and is caused when the
amount of blood supplied to the heart is inadequate for metabolic require-
ments.

i) Injury

Continued ischemia results in injury. These injured cells can no longer
repolarize and depolarize fully.
iii) Infarction

The death of myocardial tissue is called infarction. This is the severest
form of damage to the heart tissue. The QRS complexes may show significant

Q’s in Lead II.

1.3.6.7) Drug and Electrolyte Effects

Abnormal levels of calcium and potassium in the blood can alter the elec-
trical activity of the myocardial tissue, which produces changes in the EKG.

Anti-arrhythmic drugs like digitalis, quinidine and propranolol alter the ac-
tivity of the myocardial tissue and hence the EKG. Such drug-related changes

are called drug effects.
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i) Hypocalcemia
A low concentration of calcium in the blood causes hypocalcemia. It affects
the EKG by prolonging the QT interval.

ii) Hypercalcemia

A high concentration of calcium in the blood causes hypercalcemia. It
affects the EKG by shortening the QT interval.
iii) Hypokalemia

A low concentration of potassium in the blood causes hypokalemia. This
affects the EKG by decreasing the T wave amplitude and increasing the U
wave amplitude such that the amplitude of the T wave is less than or equal to
that of the U wave.
iv) Hyperkalemia

A high concentration of potassium in the blood causes hyperkalemia. This
affects the EKG by causing tall, tented or peaked T waves, a flattening of the
P wave and prolonging of the PR interval and the QRS complex.
v) Digitalis

Digitalis is a drug that slows the the heartrate by slowing the rate of
spread of depolarization. Thus it is used to treat conditions like atrial flutter
and atrial fibrillation. Extra slowing of the impulse conduction could cause
sinus bradycardia or sinus block.

vi) Quinidine/Propranolol

These are drugs that decrease the electrical activity of the heart muscle.
Such drugs are called myocardial depressants. These drugs, like digitalis, are
hence useful in treating arrhythmias with rapid rates like flutter and fibril-

lation. But, the toxic effects of quinidine and propranolol may cause the
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widening or notching of the P wave, prolonging of the QRS complex and the
PR and QT intervals, depressing of the ST segment, the depressing , widening,

notching or inverting of the T wave and lastly, a pronounced U wave.
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2. An Outline of the EKGCHALLENGER

2.1 The EKGCHALLENGER in a Nutshell

The EKGCHALLENGER is an intelligent electrocardiogram tutorial pack-
age. The user, ideally an undergraduate medical student, can use it to learn
and improve his electrocardiogram reading skills. To use this package suc-
cessfully, the user has to have a basic knowledge of cardiac electrophysiology
and EKG waveforms. In case this is lacking, one should go back to a package
called the EKGTUTOR [18], which is designed specifically to teach the user
the basic principles of the heart.

The EKGCHALLENGER can be used in two basic modes :

a) The tutorial mode where the user can practice diagnosing EKGs. The
EKGCHALLENGER displays EKG strips of increasing difficulty on the screen
and the accompanying text shows a step-by-step approach to diagnosing them.

b) The challenger mode where the user is asked to diagnose a randomly
selected strip chosen from the EKG database. The user’s diagnosis is verified
by comparing it with that of the expert system’s interpretation of the strip,

and a score is awarded to the user, which is a measure of his competence in

reading EKGs.

Apart from these two basic modes, the EKGCHALLENGER's expert sys-
tem can, by itself, be used as a stand alone unit either by the student as a

practice tool or by a non-trained individual as a preliminary diagnostic tool to
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assist patients entering the emergency medical system. A detailed description
of this is found in section 5.2.3.

Because of the use of an artificial intelligence technique, namely the expert
system, the EKGCHALLENGER is called an ‘intelligent’ electrocardiogram

tutorial package.

2.2 The Database of EKG Strips

The EKGCHALLENGER. uses an EKG database containing EKG strips
which are used as practice/test strips to teach the user how to diagnose EKGs.
This large EKG database contains disk based files that of sufficient number ot
normal and abnormal EKG strips; a number which ensures that no file is re-

peated often enough for the student to be able to ‘remember’ it, and diagnose
it by strip recognition. The EKG strips that are stored in this database, fall

under the following major categories :

1) Cardiac Rhythms

2) Atrial Abnormalities

3) Junctional Abnormalities
4) Ventricular Abnormalities
5) Enlarged Hearts

6) Damaged Hearts

7) Drug and Electrolyte effects

In the challenger mode, a small random-number generator program coupled

36



with a display program is used to pick a strip from the database at random
and display it on the screen.

A detailed description of the EKG database is given in Chapter 3.

2.3 The Ezpert System Program

Once the student has completed the diagnosis of a particular EKG strip,
his diagnosis has to be verified so that a score could be awarded to him as
a measure of his performance. This is done by the use of an expert system
program that has the capability to diagnose cardiac arrhythmias.

All of the strips in the EKG database are run through the expert system

by the system programmer during the creation of the package. This, coupled

together with a run through the string manipulation program (refer to Ap-
pendix A), produces output files in a pre-determined format. These files are
stored in the computer in an orderly manner, for future use.

The student’s diagnosis of a particular EKG strip too, is stored in the
standard file format. This file is then compared with the appropriate file that
has already been generated by the expert system, to enable the awarding of a
score.

Let us assume that the student is asked to diagnose strip 58. His diagnosis
is then stored in a temporary file. Now the EKGCHALLENGER pulls up file
58 generated by the expert system and compares it with the student’s output
file. Thus, a score can be awarded.

This whole process is called the challenger mode of operation and could be

repeated for as many randomly generated EKG strips as the student wishes
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to diagnose.

In the tutorial mode of operation, the student is tutored by the EKGCHAL-
LENGER, and learns the method of step-by-step diagnosis of EKG strips that
are selected from the EKG database. A detailed description and analysis of

the above mentioned modes is given in Chapter 5.

2.4 Creation of the Shell

The success of a package like the EKGCHALLENGER depends on how well
all of the programs used in the making of various sections of the package can be
integrated into a whole. This aspect is addressed in EKGCHALLENGER by
writing a master program called the ‘shell’. The shell has in it, as statements,
a list of the programs comprising EKGCHALLENGER in the exact order in
which they are to be executed. These programs could be interlinked with one

another in the form of user libraries in the way the designer chooses them to

be.

Thus, in order to run EKGCHALLENGER, the user would have to execute
just the shell, and everything else would follow in the correct order. A detailed
description of the shell and other accessory programs used in EKGCHAL-
LENGER is given in Appendix A.
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3. Creation of the EKG Database

In order for the EKGCHALLENGER to be a good educational tool, the
EKG database must have variety and depth. Therefore, data for the EKG

database was collected in the following three ways :

3.1. Method A

This method was used to collect real data. The real data was provided on
13 spools of tape from the MIT - BIH arrhythmia collection [14]. These data
then had to be converted and stored in digital form in a computer. Fig. (10.a)
shows the system arrangement for this method.

The spools were played on an instrumentation recorder and were contin-
uously monitored on a cathode ray oscilloscope. On finding a suitable strip
of EKG data, the output from the recorder was fed to an EKG pen-recorder
through a suitable pre-amplifier circuit, to obtain a hard copy of the EKG strip
on standard EKG recording paper. This process was continued till a suitable
number of EKXG recordings were obtained.

The next step was to digitize these analog EKXG waveforms and store them
in the computer in different files with proper indexing.

Fig. (10.b) shows the system configuration used for this purpose. Before
digitizing, the EKG strips were enlarged using a photocopier so that they cor-
responded to the grid size on the computer screen. A digitizing tablet along
with a digitizing pen was interfaced to an IBM - PC clone. A computer aided
design program called PRO-DESIGN [13] was used to create the files in the

digitized form, i.e, in the form of X-Y coordinates. The whole process worked
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in the following way :

A suitable EKG strip was taken and placed on the digitizing tablet. Care
was taken to see that the respective axes coincided both on the screen and on
the digitizing tablet. Now, using the pen, the EKG waveform was traced out
in the form of points. Thus, for every point traced out on the EXG strip, a
corresponding X-Y coordinate was stored in a file, on the computer.

Optimal storage allocation techniques were employed by storing EKG strips
with identical, repetitive cycles as single cycle waveforms, which could later
be replicated during actual display of the file. Only the EKG waveforms with
non-replicated cycles were stored completely.

All the different kinds of arrhythmias were indexed and categorized by suit-

able filenames.

3.2. Method B

This method was used to collect simulated data. Fig. (11) shows the system
arrangement used for this purpose. A cardiac arrhythmia simulator called the
Laerdal HEARTSIM 20000 was used for this purpose [11]. The HEARTSIM
2000 is a versatile EKG and Haemodynamic Waveform Simulator which can be
used either as a stand-alone training aid or with a Laerdal training mannequin.
This simulator produced an analog signal output in the 3 mV range. Thus, it
had to be amplified and fed through an analog-to-digital converter before it

could be stored in the computer.

An analog to digital (A/D) converter called the DASH-8, marketed by

MetraByte Corp. was used for this purpose [12]. The DASH-8 is an 8 channel,
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12 bit, high speed, successive approximation A/D converter and timer/counter
suitable for use with an IBM - PC or its clones. It can be fitted in a ‘half slot’.

Thus, the analog signal from the simulator, after suitable pre-amplification,
was fed into the DASH-8 board for conversion into digital form.

Suitable software had to be used to instruct the DASH-8 board to perform
the requisite conversion, display the waveform on the computer terminal and
store the data in a file, on a floppy disk. This was done in BASIC using
the input and output instructions for the I/O ports of the computer. Once
again, care was taken to see that the display on the terminal was calibrated to
match the length-to-width ratio that appeared on standard EKG paper. The
program source code for A/D conversion using the DASH-8 board is given in
Appendix A.

The following procedure was used to perform the A/D conversions. The
simulator was set up to produce a suitable waveform, say, 80 Hz, Normal Sinus
Rhythm. The program for activating the DASH-8 was then loaded and exe-
cuted. A suitable sampling frequency was chosen (220 Hz) and the conversion
was performed with the EKG signal being converted to a 640 point format,
suitable for display on a standard computer screen. This process was repeated
for the required number of files which were then adequately categorized and
indexed for use in the EXG database. Examples of EKG database screens are
shown in Figs. (12), (13) and (14).

3.3 Method C

This method had to be used as the number of normal EXG strips recorded
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using Methods A and B was not sufficient. Here, EKG recordings were taken
off normal people. The set-up was exactly the same as the one used in Method
B, with the exception that EKGs produced from people were used to produce

the analog signal, instead of using the simulator as the input.
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4. A Description of the Expert System

4.1 Why Prolog was Chosen for this Application

The expert system had to have an ability to diagnose cardiac arrhythmias,
and hence, had to be composed of rules (in the ‘if-then’ format) and facts.
Secondly, it had to be IBM - PC based, i.e, portable on floppy disks. Finally,
it had to be fast, and thus, had to be modifiable into an executable file,
which incidentally, would allow it to be linked along with other parts of the
EKGCHALLENGER.

TURBO - PROLOG, [10] a compiled version of the original Prolog, mar-
keted by Borland International Inc., possesses the capacity to support such a
project.

TURBO - PROLOG is a compiler with a pull down menu interface and
full arithmetic, graphic and system level facilities. It also has a built-in linker
for creating .EXE files. It has a good trace facility that makes debugging easy.
It is fully modular and thus has the capability to call and execute subroutines
written in conventional languages like Pascal and C. Most important, the fact
that the compiler has been implemented in C makes it very fast and hence

suitable for real-time processing.

4.2 Description of the Program and its Knowledge Base

EKGCHALLENGER makes use of an expert system that has the capability

of diagnosing cardiac arrhythmias. This expert system is used to diagnose the
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arrhythmia in question (the one that the student has been asked to diagnose)
and produce a result in a certain predecided format. This diagnosis, which
is already stored in a file in the computer is retrieved when required and
compared with that of the student’s. The diagnosis of the expert system is
used as the basis for scoring the student. The expert system can also be used
by itself as a stand-alone unit (a description of which is given in the next
subsection).

Consider, at first, the general structure of any rule-based expert system.
An expert system must have access to an organization of facts according to
the validity of its domain, which is known as the knowledge base [2]. The
system must also be able to infer conclusions from the available information
in the knowledge base during a consultation session. Thus, an expert system

can be said to consist of three distinct units :

1. A knowledge base (KBS)
2. An inference engine (INE)

3. A user interface system (UIS)

The organization of these three units in the expert system is as shown in

Fig. (15) :
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The ‘knowledge base’ is the central part of the expert system. It contains
rules describing relations or phenomena, methods and facts for solving prob-
lems in the system’s area of expertise. The information that the knowledge
base contains can be factual (the sun rises in the east) or inferential (if you
stand in the rain for a long time, you will catch a cold) [3].

The ‘inference engine’ consists of operating rules and principles. It knows
how to use the knowledge base so that consistent conclusions can be drawn
out of the information in the knowledge base. The inference engine executes
the rules, determines when an acceptable solution has been found, and finally
passes on the results to the user interface.

The ‘user interface’ is the part of the expert system that is in direct
communication with the user. It is in this part of the expert system that
all the user-friendliness has to be accommodated. This interface, generally
is a ‘natural- language’ interface that aims to put the user at complete ease
when using the expert system.

A description of the expert system implemented in the EKGCHALLENGER

is given below :
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which is the compiler version of a subset of the original Edinburgh Prolog [5].
The program source code is given in Appendix B of this thesis. This program
too, like any other rule based expert system has the basic three parts, namely,

the User Interface System, the Inference Engine and the Knowledge Base.

4.2.1) User Interface System : A good user interface system supports the

following features [2] :

1. Handling keyboard and screen input and output.

2. Supporting dialog between the user and the system.

3. Recognizing cognitive mismatches between the user and the
system.

4. Providing user friendly features.

A menu driven system could be modified by replacing the menu with a
natural language interface. Our user interface supports two basic clauses which
‘fire’ by getting the system to run through an internally generated top goal
namely ‘do-expert-job’ (i.e, to do the expert job at hand). These are ‘do-
consulting’ and ‘ask’. The ‘do-consulting’ clause gets the system to look for
an illness, while the ‘ask’ clause prompts the user to answer the y/n type
questions that the system generates, in order to diagnose the illness. Finally,
this user interface either prints out a ‘the condition maybe xx’ kind of answer
or a ‘sorry, unable to diagnose’ kind of message for the user. The program
could be rerun from this point at the request of the user. The set of facts that

led to the diagnosis of a particular illness is stored in a file called ‘result.pro’.
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This file is then processed further by a piece of code written in Pascal (the
string manipulation program - see Appendix A) so as to create a standard
output file in a pre-decided format. This file can then be stored for future use,
that is, for comparison with the file generated by the student’s diagnosis. A
detailed description of the use of ‘result.pré’ is given in Appendix A.

4.2.2) Inference Engine : The inference engine built into this expert system

is called the ‘production rule interpreter’ [3] as the information in the knowl-

edge base is stored as ‘if-then’ rules of the form :

( [conclusion] if [conditionl][condition2][condition3]..)

What we understand from the above is that if conditions 1,2,3 and so on
are true, then the given conclusion can be established. Prolog typically works
in what is known as the ‘backward chaining’ [5] mode. It works as follows :

It scans the rules in the knowledge base in the order in which they are

placed, and goes through them non heuristically, i.e, trying to establish [con-
dition1], then [condition2] and so on in a ‘depth first’ mode to try and arrive
at the conclusion.

Assume that a particular problem has three unique solutions. These solu-
tions can be represented by a structure called a tree, as shown in Fig. (16).
Each branch of the tree represents a unique solution path. A system is then
said to be operating in the ‘depth - first’ mode if it pursues a single branch
(solution path) of a tree until it yields a solution or until some pre-determined
depth has been reached, and only then go back and explore other branches for

other solutions.
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In case a situation arises in the expert system where, say [conditionl]

cannot be satisfied, then it automatically skips over to the next rule.

Our inference engine uses two basic kinds of clauses, ‘positive’ and ‘neg-
ative’ that determine whether a given symptom supports a particular con-
dition or is a negative aspect for that particular condition. For example,
assuming that the condition is ‘normal sinus rhythm’, a ‘yes’ to the question
‘Is the P wave present ?’ is a positive symptom, that is, it could lead to the
deduction of the fact that the condition is indeed ‘normal sinus rhythm’. But
a ‘no’ to the question ‘is the QRS complex present ?’ is a negative symptom
and will cause the expert system to eliminate the possibility of the condition

being ‘normal sinus rhythm’ as it tries to search the list of possible conditions
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form an array of the symptoms (stored in ‘result.pro’, as mentioned earlier)
that leads to a particular condition being diagnosed. Also used in the infer-
ence engine are other clauses like ‘clear-facts’ (which clears the memory, thus
preparing for a rerun), ‘redo’ and ‘run-again’ (which provide the user the op-
tion of a rerun) and finally a ‘remember’ (which asserts symptoms onto the
database).

4.2.3) Knowledge Base : This is the brain bank of the expert system where

all the information is housed. Our knowledge base is organized in three hi-
erarchical levels namely ‘illness-is’, ‘it-is’ and ‘positive’. The ‘positive’ clause
is the most primitive clause and builds on to the ‘it-is’ clause which in turn
builds on to the ‘illness-is’ clause. For example consider ‘bundle branch block’.

It is coded in the following manner in the knowledge base of the expert system.

illness-is(“bundle branch block”,“177”) :-
it-is(“QRS complex prolonged”),
positive(is,“QRS with R-R’ ”,“037”).

The above rule means that the condition is bundle branch block if QRS
complex is prolonged and the QRS complex possesses an extra R-R’ wave.
The ‘positive’ clause for R-R’ is of the lowest heirarchical level, but the ‘QRS

prolonged’ clause (i.e the it-is clause) is further broken up as :

it-is(“QRS complex prolonged”) :-
positive(is,“QRS complex present”,“032”),

not(positive(is,“QRS complex duration less that or equal to 0.1 sec.” ,“565”)).
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Numbers are attached to individual clauses in order to ‘index’ [2] them,
that is, to establish an identification tag for each of the clauses which enables
the creation of an array in serial order, going from entry 001 up to entry 252.
An elaborate account of the use of these indexes is given in Appendix A along
with the string manipulation program.

Our knowledge base has the capability to diagnose 43 different illnesses

which are grouped according to the categories given below :

1. Rhythms

2. Atrial Abnormalities

3. Junctional Abnormalities
4. Ventricular Abnormalities
5. Enlarged Hearts

6. Damaged Hearts

7. Drug and Electrolyte Effects

There are 93 different rules that are used in this program to diagnose 43
kinds of illnesses.

The expert system asks the user a series of questions in the form of symp-
toms that the EKG report of the patient in question might show, and prompts
the user to answer in a yes/no format. Then the inference engine begins
its work and singles out the result (i.e, the illness) and hands it to the user

interface system, which prints out the result for the user. A pictorial represen-
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tation of the detailed organization of our expert system is given in Fig. (17).

It illustrates both the flow of control and the flow of data in the expert system.

4.3 The Expert System as an Independent Unit

Although the expert system program described in the above section is an
integral part of the EKGCHALLENGER, it is of a modular form and has the
capability to function by itself as a self-sufficient unit. There are two basic
ways in which this could be done :

1) The expert system as a practice tool which would enable the student to
practice diagnosing EKGs.

2) The expert system as a preliminary diagnostic tool which would en-
able non-trained individuals to assist patients entering the emergency medical

system. An elaborate account is given in the next chapter.
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5. Modes of Operation of the EKGCHALLENGER

5.1 Creation of the Shell

All of the sub-programs written for different parts of the EKGCHAL-
LENGER have to be arranged and executed in an orderly manner, which
enables EKGCHALLENGER to be termed as a complete ‘package’.

The controlled execution of the various sub-programs is performed by cre-
ating a master program called the shell.

The shell is an executable program written in Microsoft’s QuickBasic [16],
which is the PC-based version of compiled Basic. It is composed of executable
sub-programs that are arranged in a certain pattern, which was decided by the
designers of the EKGCHALLENGER. Some examples of these sub-programs
are - the expert system program, the set of programs used in the tutorial
mode, etc. Thus, when the shell is executed, each of these sub-programs
are executed in the correct order, which enables the user to run through the
complete package from beginning to end.

Some of these sub-programs are used in a particular sequence very often
during the execution of EKGCHALLENGER. For example, the EKG display
program coupled together with the EKG database is an often used sequence.
Such sub-programs are linked together to form ‘user libraries’. Other sub-
programs in EKGCHALLENGER could use these user libraries. For example,
the expert system is linked to a user library which is made up of two sub

programs, namely the EKG database and the EKG display program. Also,
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two different sub-programs could share a common user library or a single sub-
program may be linked to more than one user library.

Hence, a ‘hypothetical’ shell program would be designed as shown below :

SHELL PROGRAM

—

. Sub-program 1.

[\

. Sub-program 2 / link User library 1.

[SV]

. Sub-program 3 / link User library 2.

N

. Sub-program 4 / link User library 1.

(4

. Sub-program 5.

The user, by executing the shell program, executes sub-programs 1 through
5 in the order specified above, with sub-programs 2 through 4 making use of
their respective user libraries. After executing sub-program 5, the shell pro-

gram terminates and exits out into the operating system.

A general outline of the shell implemented in EKGCHALLENGER for the

different modes of operation is :

1) The 19 sub-programs for the tutorial mode of operation of the EKGCHAL-
LENGER. ( Note that each of the clauses below is a separate section and thus

a separate sub-program ) :

a) Criteria for the normal heartbeat.

b) How to measure heartrate.
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c) How to tell normal from abnormal heartrates.

d) Pacemaker problems in the sino-atrial node.

e) When atrial muscle acts as a pacemaker.

f) Self Test One — Identifying normal EKGs and supra-junctional abnor-
malities.

g) When the atrio-ventricular node acts as a pacemaker.

h) When pacing impulses have difficulty getting through the atrio-ventricular
node.

i) Self Test Two — Identifying junctional arrhythmias and heart blocks.

j) When the ventricular pacemaker is below the atrio-ventricular node (Part
D).

k) When the ventricular pacemaker is below the atrio-ventricular node
(Part II).

1) When the ventricular pacemaker is below the atrio-ventricular node (Part
I11).

m) Self Test Three — Identifying ventricular arrhythmias.

n) When the heart is enlarged.

0) When the heart’s blood supply fails.

p) Serum electrolytes and drugs.

q) Self Test Four — Atrial and ventricular enlargement, ischemia, injury
and infarction, drugs and electrolytes.

r) The EKG database.

s) The EKG display program.

2) The sub-programs for the challenger mode of operation of EKGCHAL-
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LENGER :

a) EKG database.
b) The EKG display program.
¢) The output files generated by the expert system.

d) Scoring strategy.

3) The mode wherein the student uses the expert system to practice diagnos-

ing EKGs :

a) EKG database.

b) The expert system.
c) The EKG display program.

d) Scoring strategy.
4) The mode wherein an untrained individual uses the expert system to do a
preliminary diagnosis of patient’s EKG output, whom he is assisting for ad-
mission to the emergengy medical system :
a) The expert system.
The execution of these sub-programs in the above mentioned order would

thus result in the execution of EKGCHALLENGER in particular modes of

operation.
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5.2 Basic Modes of Operation of the EKGCHALLENGER

5.2.1 The Tutorial Mode

As mentioned before, EKGCHALLENGER is basically used by undergrad-
uate medical students to learn or improve their EKG reading skills. Thus, there
are two basic modes of operation of EKGCHALLENGER, the first where the
student is tutored, and the second where the student is tested.

The tutorial mode is comprised of 17 basic sections ( 1(a) through 1(q)
) as stated previously. Thirteen of these sections are purely tutorial where
EKG strips are displayed on the screen accompanied by texts which teach a
step-by-step methodology of diagnosiing the EKG strips in question. The re-
maining four sections are ‘self-tests’ that are put in so that the student can do
a self-analysis on himself. Thus by the end of the tutorial mode the student

develops skills enough to be able to take his final test which is to do unaided

diagnoses of EKG strips randomly selected from the EKG database.

5.2.2 The Challenger Mode

In this mode the student attempts to diagnose EXG strips all by himself.
EKG strips are picked out randomly from the vast EKG database (see chapter
3) and displayed on the screen. The student then makes his diagnosis, which
is stored in a temporary file of a pre-determined format. Now a score has to
be awarded to the student as a reflection of his ability. This is done by pulling

up the permanent output file for the EKG strip in question as generated by
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the expert system. The two files are compared and a score is awarded to the
student.
The above process can be repeated by the student for as many EKG strips

as he chooses to diagnose.

5.2.3 The Ezpert System Modes

The expert system built into the EKGCHALLENGER can by used by
itself as a self-sustaining modular unit. It can be used in two basic modes as
mentioned previously.

The first is as a practice tool. A student could use EKG strips from an
EKG machine, a textbook or the EKG database in EKGCHALLEI\_IGER and
try to diagnose them with the help of the expert system. The expert system,
as mentioned before has the capability to diagnose 43 cardiac arrhythmias and
thus the student can gain valuable practice by understanding the strategies
employed by the expert system in diagnosing arrhythmias.

The second mode of use of the expert system is as a preliminary diag-
nostic tool by a non-trained individual who is assisting patients entering the
emergency medical system. The expert system has the capability to diagnose
almost all of the conditions categorized as ‘cardiac arrhythmias seen in emer-
gencies’. Hence it could be used by paramedics at the site of an emergency

before transporting the patient to the nearest hospital.
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6. Conclusion and Scope for Future Work

This thesis is devoted basically towards the development of an educa-
tional aid, namely EKGCHALLENGER, which teaches undergraduate medical
students a method of diagnosing EKGs. The expert system in EKGCHAL-
LENGER is a self-sufficient modular unit which can be used separately, either
by students to practice diagnosing EKGs, or by personnel of an Emergency
Medical System to do an on-site, preliminary diagnosis while assisting patients

with cardiac ailments in being admitted into hospitals.

The expert system has the ability to diagnose 43 cardiac arrhythmias and
can be expanded in the future with the addition of a small user interface
which would enable the user to ‘teach’ the expert system to diagnose new
arthythmias by putting in the appropriate rules in its knowledge base. The
EXG database too, can be made larger by putting in more examples and thus
covering a wider domain of EK(s. An example run of the expert system is

given in Appendix B.
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Appendix A

1. String Manipulation Program

After the student has understood the electrophysiology of different kinds of
arrhythmias presented to him in the tutorial mode of operation of EKGCHAL-
LENGER, he faces his final test and that is to diagnose the randomly picked
EKG strips displayed on the screen in the challenger mode of operation of the
package.

The output of the student’s diagnosis is stored in the following array format
in a file :

y 217
n 324

Here, the ‘y’ and ‘n’ correspond to yes and no respectively, and the num-

bers are references to particular conditions (clauses) like ‘P wave present’ or
‘QRS complex with premature beat’. There are a total of 137 such clauses in
EKGCHALLENGER and the output file (student’s diagnosis) has 252 entries
in it. The number of entries in the output file is almost double the number
of clauses because the student is given the option of using either lowercase
or uppercase lettering to answer the y/n type questions. A listing of all the
clauses used in EKGCHALLENGER is given in Appendix B. Thus the file is

said to have been indexed.

At this stage, the appropriate output file generated by the expert system is

put to use. As mentioned before, the system programmer, during the creation
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of the package, runs all of the EKG strips in the EKG database through the
expert system to produce output files in a pre-determined format ( a format
that is the same as the format of the output file generated by the student’s
diagnosis) that are indexed and stored in the computer. Once the student
completes his diagnosis, it is verified by comparing it with the output file
generated by the expert system for that particular strip.

The expert system, as described previously, is composed of ‘if-then’ rules
that identify cardiac arrhythmias. The diagnosis of a particular arrhythmia
is made in a certain number of steps ( for example atrial fibrillation could be
diagnosed in three short steps ), depending on the type of arrhythmia. In
short, the user, when using the expert system would never have to go over all
the 137 clauses to come up with a diagnosis.

The output from the expert system is obtained in the following format :

xpositive( “is”,“baseline noisy”,“509”)
xpositive(“is”,“QRS complex present”,“032”)
xnegative(“is”,“P wave present”,“012”)

xillness-is( “atrial fibrillation”,“151”)
Here, xpositive(“is”,“baseline noisy”,“509”) indicates that the baseline s

noisy in the EKG strip in question and is equivalent to the following in the

array format :

y 809
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Thus, for comparison purposes, this string format has to be converted to
the array format with all 252 entries. To facilitate this, a string manipulation
program written in Pascal [15] is used. It converts the above string format to

the following array format :

y 509
y 032
n 012
y 151

This file with 4 entries is further augmented by asking the user some ques-
tions, the answers to all of which are numeric data, which the user types in by

referring to the EKG strip which he was asked to diagnose.

Example : Enter heartrate in BPM :

Until now, we have just a few entries in the output file from the expert
system, whereas we need all 252 of them. Therefore, a default file is used
which contains the default values of all the 252 entries. These two files ( the
output file from the expert system and the default file ) are superimposed and
merged to result in a final output file from the expert system which has all
the 252 entries in the proper array format. Listings of the default file and the
final output file from the expert system are given in Appendix B.

Now we are left with two files ( one each from the student and the expert

system ) with 252 entries each, which are compared, resulting in percentage
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points being awarded to the student. The source code for this string manipu-

lation program is given at the end of this chapter.

2. The EKQG Display Program

This is a small graphic display program written in Basic that enables the
display of EKG files that are stored in the EKG database in the form of rect-
angular coordinates. The waveform is displayed on a grid which helps the
student read off the lengths/amplitudes of the various intervals/peaks in the
waveform. Care is taken to see that the display on the screen corresponds in
ratio to that obtained on standard EKG recording paper. The source code for

this program is given at the end of this chapter.

3. Multiple Cycle Generating Program

This program is written in Pascal and is used to make proper utilization
of the available memory on the EKG database disks. The EKG files that are
repetitive, i.e, possessing identical cycles, are stored in the EKG database in
a single cycle format. Thus the multiple cycle generation program picks out
the single cycle from the EKG database and replicates it into a 4 cycle format,
making it suitable for display on the screen. The source code for this program

is given at the end of this chapter.

4. The Analog to Digital Conversion Program
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This program is written in Microsoft QuickBasic [16], which is a Basic
compiler written in C. As described in chapter 3, this program is for use with
the DASH-8 [12] analog to digital converter board for the IBM-PC. Analog
EKG signals are generated by an EKG simulator which have to be converted
to digital form to enable storage in the computer. Hence this analog signal is
fed through the DASH-8 board which, with the help of this program converts
the analog signal into digital form. A detailed explanation of the setup was
given in chapter 3.

This program loads the call routine in the DASH-8 board, initializes the
system, prompts the user to select an appropriate sampling rate and then
starts the analog to digital conversion. This is a general purpose program that

can be used for the frequency range 37 Hz to 1 MHz.

In this thesis, a 220 Hz sampling rate was used and the analog signal was
converted to a 640 point digital output file, which is ideal for display on a
standard computer terminal. The source code of this program is given at the

end of this chapter.
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{The string manipulation program.}

program all (input,output):;

(********************************************************)

{ This proc. takes the input from result.pro, which is}
{ the result from the prolog program and creates a new }
{ output file called interl.pas (y/n).}

procedure procl;

var
a:string[1007];
b:string[9];
f1,£2 :text;
i,pts :integer;
d : char;

begin

assign(fl, ‘result.pro’):
assign(f2, ‘interl.pas’);
rewrite (£2); reset(fl);

while not eof(fl) do

begin

readln(fl,a):;

b:= copy(a,1,9);

if (b = ’xpositive’)

then d:=’y’
else begin
if (b = ’xillness ’) then d:='y’ else d:='n’; end;

writeln(f2,d,’ ', copy(a, (length(a)-4),3)):

end;

close(£2);
end;

(***********************************************************)

{ This proc. uses interl.pas and outputs inter2.pas which }
{ has Y/N in the e-1th place and is also devoid of 500+ #.)
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procedure proc2;

var

b:string[1l];
d:string[1];
£2,£3 :text;
e :integer;

begin

assign(f2, ’‘interl.pas’);
assign(£f3, ‘inter2.pas’):;
rewrite(£3); reset(£f2):

while not eof(f2) do
begin

readln(f2,b,e)

if (b = ’y’) and (e < 500)

then
begin
d := ’Y’;
writeln(£3,d,’ ’,e-1);
writeln(£3,b,’ r,e);
end;
if (b = ’n’) and (e < 500)
then
begin
d := 'N’;
writeln(£3,d,’ r,e-1);
writeln(£3,b,’ r,e);
end;
end;
close(£3):;
end;

(***********************************************************)

{ This proc. creates an array file new.pas with either Y/N}
{ or y/n OR an ’x’ to indicate a blank.-- slots}

procedure proc3;

type
a = array[l..254] of string[4];
¢ = array[l..254] of char;
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string[4];

var

X : a;

b:c;

£f2,£f3 :text;

arr : array [l..254] of integer;

k,e,i :integer;
testl,test2,test3,test6,test7,test8,test9, testli0 : char;
repl,rep2,repd,reps,rep6,rep7,reps,rep9,replo,
repll,repl2,repl3,repld,repl5,repl6,repl7,repls,
repl9,rep20,rep2l,rep22,rep23,rep24,rep25,rep26,rep27,rep28,
rep29,rep30,rep3l,rep32,rep33,rep34,rep35,rep36,rep3’

(* Main program *)

begin

assign(f2, ‘inter2.pas’):
assign(£3, ’‘new.pas’);
rewrite(£3); reset(£f2);

(* Here, 1 is the length of the default file *)

for i := 1 to 254 do
X[1i] = ’'x’;

i:= 0;

while not eof(£f2) do
begin

i =1+ 1;
readln (f2, b[i], arr[i]):

end;
for k := 1 to i do
begin
X[arr[k]] := b[k]:
end;

(* Tester inputs are requested first *)

clrscr; gotoxy(15,3); write(’If invalid question, enter x’);
gotoxy (5,15); write(’Is P-P rate > 60 BPM (y/n)? ’):
read(testl) ;

clrscr; gotoxy(1l5,3); write(’If invalid question, enter x’);
gotoxy (5,15); write(’Is P-P rate < 100 BPM (y/n)? 7);
read (test2);

clrscr; gotoxy(15,3); write(’If invalid question, enter x’
gotoxy(5,15); write(’Is QRS duration <= 0.1 sec. (y/n)? /
read(test3);

clrscr; gotoxy(15,3); write(’If invalid question, enter x’);
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gotoxy (5,15); write(’Is PR interval duration >= 0.12 sec.

(y/m)? 7);
read (tests6) ;
clrscr; gotoxy(1l5,3); write(’/If invalid question, enter x’);
. gotoxy(5,15); write(’Is PR interval duration <= 0.2 (y/n)?
<)
read(test7);
clrscr; gotoxy(15,3); write(’If invalid question, enter x’);
gotoxy(5,15) ;
writeln(’Is QT > 0.375 R-R but < 0.5 R-R rate for HR 65-90 bpm
(y/n)? ");

read (test8) ;

clrscr; gotoxy(1l5,3); write(’/If invalid question, enter x’):;

gotoxy (5,15)

writeln(’Has the illness been diagnosed as :’);

write(’/ventricular enlargement or ischemia or injury or in-
farction (y/n)? 7);:

read (test9);

clrscr; gotoxy(l5,3); write(’If invalid question, enter x’);
gotoxy(5,15) ;

writeln(’Has the illness been diagnosed as :’/);
write(’ischemia or injury or infarction (y/n)? 7);
read(testl0) ;

(* User input of the rules *)

clrscr; gotoxy(15,3); write(’/If invalid question, enter x’);
gotoxy (5,15); write(’Inspiration/expiration marks (y/n)? 7);:
read(repl); x[2] := repl;

if x[2]=’y’ then x[1]:=’Y’ else xX[1]:='N’;

clrscr; gotoxy(15,3); write(’If invalid question, enter x’);
gotoxy (5,15); write(’Baseline stable (y/n)? 7);

read(rep2); x[4]:= rep2;

i1f x[4]=’y’ then x[3]:=’Y’ else x[3]:='N’;

clrscr; gotoxy(15,3); write(’/If invalid question, enter x’);
gotoxy (5,15) ;
writeln(’P wave
‘rounded/notched/biphasic/peaked/flattened/sawtoothed’) ;
. writeln(’ Enter 1/2/3/4/5/6 '’ ); read(rep4); x[19]:=rep4d;

clrscr; gotoxy(15,3); write(’If invalid question, enter x’);
gotoxy(5,15); write(’P-P rate in BPM ’); read(rep5):;
X[20] :=rep5;

- clrscr; gotoxy(15,3); write(’/If invalid question, enter x’);

. gotoxy(5,15); write(’P wave amplitude (mV)? ’); read(rep6)
X[21]:=repb6;
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"x[223]:=rep29;

-

‘X[225] :=rep30;

X[239] :=rep32;

Wread(rep34);x[24

X[246]:=rep35;

clrscr; gotoxy(1l5,3); write(’If invalid question, enter x’);
gotoxy (5,15) ;
write(’Enter heartrate in BPM ’); read(rep28); x[111l]:=rep28;

clrscr; gotoxy(15,3); write(’If invalid question, enter x’);
gotoxy (5,15) ;
write(’QRS complex upright and similar (y/n)? ’); read(rep29):;

if x[223]='y’ then x[222]:='Y’ else x[222]:='N’;
y

clrscr; gotoxy(15,3); write(’If invalid question, enter x’);
gotoxy (5,15) ;
write(’/QRS duration acceptable (y/n)? ’); read(rep30);

if x[225]='y’ then x[224]:='Y’ else x[224]:='N’;

clrscr; gotoxy(15,3); write(’/If invalid question, enter x’);
gotoxy (5,15) ;
write (/T wave upright,rounded,assymetrical and similar (y/n)?

read(rep3l); x[227]:=rep3l:;
if x[227]='y’ then x[226]:='Y’ else x[227]:='N’;

clrscr; gotoxy(15,3); write(’/If invalid question, enter x’);
gotoxy (5,15) ;
write(’/QT interval duration normal (y/n)? ’); read(rep32);

if x[239]='y’ then x[238]:='Y’ else x[238]:='N’;

clrscr; gotoxy(15,3); write(’/If invalid question, enter x’);
gotoxy (5,15) ;
write(’If premature,P wave different shape than others(y/n)?

read(rep33); x[241]:=rep33;
if x[241]='y’ then x[240]:='Y’ else x[240]:='x’;

clrscr; gotoxy(15,3); write(’/If invalid question, enter x’);
gotoxy (5,15) ;

write (’/P-P rate between 150 and 250 BPM (y/n)? ‘);
5]:=rep34;

if x[245]='y’ then x[244]:='Y’ else x[244]:='N’;

clrscr; gotoxy(15,3); write(’If invalid question, enter x’);

gotoxy (5,15) ;
write(’/Number of P waves on the strip ? ’); read(rep35);

clrscr; gotoxy(15,3); write(’If invalid question, enter x’);
gotoxy (5,15) ;
write(’P wave not followed by QRS complexes (Enter #%%> Y/N)?

read(rep36); x[247]:=rep36;
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clrscr; gotoxy(15,3); write(’If invalid question, enter x’):
gotoxy (5,15) ;

write(’Block ratio in II degree block ? /); read(rep37);
x[252] :=rep37;

(* Rules can be written here *)

if (x[12]=’n’) then
begin
x[13]:='N’
xX[14]:="n"’
®X[15]:='N"
X[16]:='n’
X[17]:="'N"*
xX[18]:='n'
x[19]:='0"
x[20]:=’000"
x[21]:='000"
x[22]:='000"
xX[23]:='N’;
x[24]):="n";
xX[25):='N";
x[26]:='n’;
x[29]:='N’;
x[30}:="n’;
X[69]:="N"
x{70]:="n’
x[71]:='N’
x[72]:="'n"
x[73]:='0"
X[74]):="0"
X¥[75]:='0"
X[76]:='N’
X[77]:="n’
X[78]:='0"
xX[87]:='N’
x[88]:='n"
x[89]:='N"
x{90]1:="n"’
x[91]:='0"
x[92]:="0"
x[93]:="0"
x[98]:='N’
x[99):='n’;
x[{236]:='N’;
x[237]:="n’;
x[216]:='N’;
X[217]:='n’;
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x[218]:='N"';
x[219]:='n’

X[240]:='N";
x[241]:="'n’;
xX[242]:='N"’;
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X[243]:='n’;
X[244]:='N';
x[245]:="'n’;
x[248]:='N"’;
x[249]:='n’;
x[250]:="'N';
xX[251]:='n’;
X[253]:='N’;
x[254]:='n’;
end;

if ((x[1l2]=’'y’)or(x[12]='x’)) and

((x[14]="y")or(x[14]="x"))
((x[16]="y’)or(x[16]="x"))

((x[18]="y")or(x[18]='x"))

((x[19]="1")or(x[19]1="x"))
((x[24]="y")or(x[24]="x"))

and
and
and
and
and

((x[254]="y’)or(x%[254]='%x")) and
((x[217]="y’)or(x[217]='%x")) and
((x[219]='y’)or(x[219]='x")) and

estl=’y’) an
testl="y’ d

(test2=’y’) then begin

x[11l2]:="Y¥";
X[113]:="y’;
end

else begin
x[112]:='N";
x[113]:='n’;
end;

if ((x[32])]='y’)or(x[32]=’'x')) and

((x[34]1="y’)or(x[34]1="x"))
((x[39]="y’)or(x[39]="x"))
((x[37]='n")or(x[37]="'x"))
((x[51]='n’)or(x[(51]1="x"))

and
and
and
and

((x[221]='n’)or(x[221]='x')) and

(test3=’y’) then begin
X[114]):='¥Y";
x[115]):="y’;
end
else begin
x[114]:='N’;
¥[115]:='n’;
end;

if ((x[55]=’y’)or(x[55]='x’)) and

((x[57]="y")or(x[57]="x"))
((x[59]="y’)oxr(x[59]="x"))
((x[61]="y")or(x[61]="x"))
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x[199]:="y"’;
xX[200]:="Y";
xX[201]:='y’;
x[202]:="Y"';
X[203]:s="y’:
end;

if (testlo='y’)

then begin
x[198]:='Y";
x[199]):="y’;
X[200]:="Y";
x[201]):="y’;
xX[202]:="Y"';
x[203]:="y’;
end;

|

(* The required output file is created here ¥*)

for k := 1 to 254 do
writeln (£3,x[k]):

close(£3);
end;

(******************************************************************)

{ This program compares hew.pas with the default file de-

ffault.pas}
{ and creates a new file, which is the final desired output.}

procedure proc4;

d : array[l..254] of string[4]:
: array[l..254] of string[4]:

i :integer;

strl : string[15];

f1, f£2, £3 :text;

begin

assign (fl1, ’default.pas’):

assign (f£f2, ’‘new.pas’);

clrscr;gotoxy(5,5); write(’/Type the name of the output file

read(strl):;

assign (£3,strl):;
reset (£1) ;
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reset (£2):;
rewrite (£3);

(* Main program *)

for i := 1 to 254 do
begin
readln(£fl,d[i]):
readln(£f2,n[i]):

if n[i] = ’x’ then
begin
writeln(£3,d[i]):
end;
if d[i] = n[i] then
begin
writeln(£3,d[i]):
end;
if (d[i] <> n[i])and (n[i] <> ’x’) then
begin
writeln(£3,n[i]):;
end;
end;
close(£3);
end;

(**********************************************************)

(* MAIN PROGRAM which calls the procedures one by one. *%)

begin
procl;
proc2;
proc3;
proc4;
end.
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20
30
.35
40
" 50
. .60
70
" 75
<80
90
2100
110
120
" 130
140

cLS
DIM B(650)
SCREEN 2

INPUT "PLEASE TYPE IN THE INPUT FILENAME

OPEN "I",#1,N$

FOR N=1 TO 640

INPUT #1,B(N)

PSET (N,B(N))

LINE (N,B(N))-(N-1,B(N-1))
NEXT N

FOR X=0 TO 600 STEP 50
LINE (X,25)=-(X,150)
NEXT X

FOR Y=25 TO 150 STEP 25
LINE (0,Y)-(640,Y)

NEXT Y
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{This is the short program used to generate multiple}
{cycles of a repetitive EKG strip. Such a program is}
{useful as it saves valuable disk space.}

program convert (input , output);
type
a = array [1..200] of real;
var
Xa,va,xb,xc,xd : a;
£f1 : text;
£2 : text;
strl : string[20];
str2 : string([20];
i, pts : integer;

begin
clrscr;

gotoxy (5,5); write (/Input Filename :

read (strl):;

gotoxy (5,6); write (’Output Filename:

read (str2):;
assign(fl,strl); reset(£fl);

pts := 07
while not eocf(fl) do
begin

pts := pts + 1;
readln (fl,xa[pts],yalpts]):
end;
writeln;
assign(f2,str2); rewrite (£f2);
for i := 1 to pts do
xb[1] := xa [1] + xa[pts];

for i := 1 to pts do

I);
I);

Writeln (f2,xaf[i]:8:4,’ ’',ya[i]:8:4);

for i := 1 to pts do

writeln (f2,xb[i1:8:4,’ ’,ya[i]:8:4);

for i := 1 to pts do
xc[i] := xb[i] + xa[pts]:
for i := 1 to pts do

writeln (f2,xc[i]1:8:4,7 ’,ya[i]:8:4);

for i := 1 to pts do
xd[i] := xc[i] + xa[pts]:
for i := 1 to pts do

writeln (f2,xd[i]1:8:4,’ ’,ya[1]:8:4);

close(f2);
end.
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1
10
20
.30
40
" 45
. .50
60
;770
© .80
% 90
“+100
~ 110
120
® 130
. .135
140
> 150
160
170
" 180
..190
. IVI
~ 200
210
220
<~ 230
240
250
- -260
270
280
=290
300
310
~+320
330
340
Y350
. 360
370
"--380
390
400
- -410

_ 415
420
-~ 430
_ 440
450
460

program name ekgdraw
'THTIS PROGRAM ILOADS THE CALL ROUTINE, INITIALIZES, ALLOWS THE USER TO
'SELECT THE A/D SAMPLING RATE AND STARTS THE A/D CONVERSION
'"LOADING AND INITITALIZATION
DIM A% (7500)
DIM B(7500)
DEF SEG = &H3000
BLOAD "DASH8.BIN",O0
OPEN "DASH8.ADR" FOR INPUT AS #1
INPUT #1, BASADR%
CLOSE #1
DASH8 = O
FLAG% = 0
MD% = 0
CALL DASH8 (MD%, BASADR%, FLAGS)
INPUT "TYPE FILE NAME";NS$
'SELECT SAMPLING RATE
INPUT "Desired output frequency in Hz? (Range 37 - 1,000,000): ",FREQ
IF FREQ <37 THEN PRINT:PRINT"Frequency too low":PRINT:GOTO 150
IF FREQ > 1000000! THEN PRINT:PRINT"Frequency too high":PRINT:GOTO 150
DIVIDER = 2386400! / FREQ : DIVIDER = INT(DIVIDER + .5)
PRINT:PRINT USING "Actual output frequency will be #######.## Hz";2386400

DER
1SET UP COUNTER 2
DIO%(0) = 2
DIO% (1) = 3
MD% = 10

CALL DASH8 (MD%, DIO%(0), FLAGY)

IF DIVIDER > 32767 THEN DIVIDER = DIVIDER - 65536!
DIO% (1) = DIVIDER

MD% = 11

CALL DASH8 (MD%,DIO%(0), FLAGY)

MD% = 1: LT%(0) = 7 : LT%(1l) = 7

CALL DASHS (MD%, IT$(0), FLAGY)

MD% = 2 : CH% = 7

CALL DASHS (MD%, CH%, FLAGS)

'START A/D CONVERSION

INPUT "Number of conversions desired? ", N
PRINT "Converted data appears in A% (J)"
MD% = 5

TRAN% (0) = VARPTR(A%(0))

TRAN% (1) = N

FLAG% = 0

CALL DASHS (MD%, TRAN%(0), FLAGY)

SCREEN 2

CLS

FOR N=1 TO 640
B(N)=(A% (N)+2050) /20
PSET (N,B(N))

NEXT N

OPEN "O", #1,N$

_ 470 FOR N=1 TO 640
480 PRINT #1,B(N)

- +490 NEXT N

. 500 CLOSE #1
510 END

n
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Appendix B

Source code and Test Run of the Ezpert System

An example diagnosis is presented in the next few pages. The example
chosen here is Normal Sinus Rhythm. The following is the order in which it is

presented :

1) The EKG strip to be diagnosed.

2) A portion of the consultation session with the expert system.

3) A listing of all the clauses (137 of them) used in the EKGCHAL-
LENGER.

4) The output file generated by the expert system after the consultation,
namely ‘result.pro’.

5) The default file used for comparison and augmentation of ‘result.pro’.

6) The array format created by the string manipulation program after pro-
cessing ‘result.pro’ and comparing it with the default file called ‘default.pas’.
This is the final output file that holds the ‘expert opinion’ on the particular
EKG strip, normal sinus rhythm in this case.

7) Source code, in Prolog, of the expert system.
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EhEﬁSE TYPE IN THE INPUT FILENAME : ? hiaBl.dat

:

| | ﬂ |
|~ ______f“\_j A ~=h____zf“m_/\ﬁ_,xf“ﬁu_____xfﬂ.,/kh_.«"H _____f’H_J
ILIST  2RUNe  3LOAD" 4SAUE" 5CONT¢ 6,"LPTL 7TRON¢ BTROFF¢ 9KEY  BSCREEN
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977999399997 77799999799979999 ARRHYTHMIA EXPERTI599999997999997997993999993377

L 2% % % % % * % k % %k kR %k % % % % % % % X % * %
¢% WELCOME TO THE ARRHYTHMIA DETECTION SYSTEM
-~ o %
..2% This is an arrhythmia identification
°e% sgystem. Please respond by typing in
~ ek Iy’ for yes and ‘n’ for no.

¢e% Thank You !!
2% % X %k %k %k %k E k2 % R R X F K E K KX % % %

% % % ok A X ¥ o ¥

‘EQ estion :—-- is the

person using cardiac drugs ? n

°Question :-- is the P wave present ? y

. °Question :-- is the P wave upright ? y
°eQuestion :-- is the P wave monophasic ? y
eQuestion :-- is the P wave rounded ? y

-,2Question :-- is the P wave amplitude not > 0.3 mvV ? y
eQuestion :-- is the P wave duration not > 0.12 sec. ? vy
eQuestion :-- is the P wave all similar ? y

. %Question :-- is the P wave ahead of the QRS ? y
eQuestion :-- is the P wave present in each cycle ? y

~ e2Question :-- is the QRS complex present ? y
.2Question :-- is the QRS complex upright ? y

+ﬂﬁﬂﬁﬁﬂﬁﬁﬁﬁﬂﬁﬂﬂﬁﬂﬁﬁﬂﬁﬂﬁﬂﬁﬁﬂﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬂﬁﬁﬂﬂﬁﬁﬁﬁﬁﬂﬂﬁﬁﬁﬂﬁﬁﬂﬁﬁﬁﬁﬁﬁﬁﬁﬁﬂﬁﬁﬁﬁﬁﬂﬂﬁﬂ
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Clauses / Queries used in the EKGCHALLENGER

1. Inspiration / expiration marks ?

2. Baseline stable ?

3. Accelerated rhythm with sudden on / off 7

4. Pause in rhythm ?

5. Cardiac drugs in use ?

6. P waves present ?

7. P waves all similar ?

8. P waves upright ?

9. P waves monophasic ?

10. P waves rounded/notched/biphasic/peaked/flattened/sawtoothed ?
Enter 1, 2, 3, 4, 5, 6.

11. P wave rate in BPM 7

12. P wave amplitude (mV) ?

13. P wave duration (sec.) ?

14. P wave ahead of the QRS complex ?

15. P wave premature ?

16. P wave, if premature, followed by pause ?

17. P wave rate between 250-350 BPM ?

18. QRS complex present ?

19. QRS complex upright ?

20. QRS duration (sec.) ?

21. QRS complex with R-R’ 7

22. QRS complex all similar ?
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23
24
25
26
27
28

29.

QRS complex with premature beat ?
QRS complex with fusion beat ?

QRS complex with capture beat ?
QRS complex with interpolated beat ?
QRS complex with escape beat 7

QRS complex with significant Q’s ?

PVC(C’s ? Unifocal/multifocal/bigeminy /trigeminy/1:2 trigeminy/2:1

trigeminy /3:1 quadrigeminy , enter 1, 2, 3, 4, 5, 6.

30.
31.
32.

33.
34.

35.
36.
37.
38.
39.
40.
41.
42.
43.
44.

45.

or 4.

T waves present ?

T waves upright ?

T waves rounded and assymetrical ?

T waves all similar ?

T wave amplitude (mV) ?

T wave duration (sec.) ?

U waves present ?

U waves upright and similar ?

U wave amplitude (mV) ?

PR interval present 7

PR interval constant ?

If PR interval constant, then duration (sec.) ?

If PR interval varying, then shortest duration (sec.) ?
If PR interval varying, then longest duration (sec.) ?
PR segment present ?

PR segment is isoelectric/elevated/depressed/sagging 7 Enter 1, 2, 3,
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46. ST segment present ?

47. ST segment is isoelectric/elevated /depressed /sagging 7 Enter 1, 2, 3,
or 4.

48. QT interval present ?

49. QT interval duration (sec.) ?

50. P-P interval present ?

51. P-P regular ?

52. If regular, P-P duration (sec.) 7

53. If irregular, P-P shortest (sec.) 7

54. If irregular, P-P longest (sec.) ?

55. P-P showing pause followed by return to NSR 7

56. P-P cyclical variation ?

57. Long P-P a multiple of short P-P 7

58. R-R interval present ?

59. R-R interval regular ?

60. If regular, R-R duration (sec.) 7

61. If irregular, shortest R-R (sec.) ?

62. If irregular, longest R-R (sec.) ?

63. R-R cyclical variation ?

64. Long R-R a multiple of short R-R ?

65. Enter heartrate (BPM).

66. P wave normal ?

67. QRS complex normal ?

68. T wave normal 7

69. U wave normal ?
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70.
71.
T2.
73.
74.
75.
76.
7.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.
88.
89.
90.
91.
92.
93.

94.

PR interval normal ?

PR segment normal ?

ST segment normal ?

QT interval normal ?
Heartbeat normal ?

Normal Sinus Rhythm ?
Tachycardia ?

Bradycardia ?

Sinus arrhythmia ?

Sinus block 7

Sinus arrest 7

Wandering atrial pacemaker ?
Premature atrial contraction ?
Paroxysmal atrial tachycardia ?
Atrial flutter 7

Atrial fibrillation ?

Junctional rhythm ?

Junctional escape beat ?
Premature junctional contraction ?
Junctional tachycardia 7

I degree heart block ?
Wenckebach ?

Mobitz IT ?

III degree heart block 7

Idioventricular thythm ?
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95. Accelerated idioventricular rhythm ?

96. Ventricular tachycardia ?

97. Wolff-Parkinson-White ?

98. Bundle branch block ?

99. Premature ventricular contraction ?

100. Paroxysmal ventricular tachycardia ?

101. Ventricular tachycardia with fusion beat ?
102. Ventricular tachycardia with capture beat ?
103. Ventricular flutter ?

104. Ventricular fibrillation ?

105. Left atrial enlargement ?

106. Right atrial enlargement ?

107. Biatrial enlargement ?

108. Ventricular enlargement ?

109. Ischemia ?

110. injury ?

111. Infarction ?

112. Hypocalcemia ?

113. Hypercalcemia ?

114. Hypokalemia ?

115. Hyperkalemia ?

116. Digitalis 7

117. Quinidine / Propranolol ?

118. P wave amplitude not greater than 0.3 mV 7

119. P wave duration not greater than 0.12 sec ?
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120.
121.
122.
123.
124.
125.
126.
127.
128.
129.
130.
131.
132.
133.
134.
135.
136.
137.

QRS complex with some missing ?

QRS complex upright and similar ?

QRS duration acceptable ?

T wave upright, rounded, assymetrical and similar ?
T wave amplitude less than or equal to 0.5 mV ?
T wave amplitude greater than that of U wave 7
T wave duration less than or equal to 0.2 sec. ?
U wave amplitude less than that of T wave ?
P-P equal to R-R ?

QT interval duration normal ?

Premature P wave different shape than others ?

P wave, after pause, return to NSR 7

P-P rate between 150-250 BPM ?
Number of P waves on the strip ?

P wave not followed by QRS complexes ?
PR interval short ?

PR interval prolonged ?

Block ratio in II degree block ?
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This is the default file used to augment the output
generated by the expert system, by comparing and
superimposing.
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This is the final output file generated for the
condition "normal sinus rhythm" after passing
through both the expert system and the string
manipulation program.

R KKK KM KBZ2B8 282K 3

MK KD ZMKD Z2K K .
PO

[
[\

M KB =
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code=3000

domains

database

xpositive (symbol, symbol,symbol)
xnegative (symbol, symbol, symbol)
¥Xillness_is(symbol,symbol)

predicates

do_expert job

do_consulting

illness is(symbol, symbol)

ask (symbol,symbol, symbol)
it_is(symbol)
positive(symbol, symbol, symbol)
negative (symbol, symbol, symbol)
remember (symbol, symbol, symbol, symbol)
clear_ facts

redo

run_again(symbol)

goal
do_expert job.

clauses
/% USER INTERFACE SYSTEM */
do_expert job :-

makewindow(1l,7,7,"ARRHYTHMIA EXPERT",0,0,25,80),
| nl,write("* % % % % % % % % % % % % % % &k * * *k *k % % *

1 1]
iﬁn), nl,write("* WELCOME TO THE ARRHYTHMIA DETECTION SYSTEM
,?")’ nl,write("*
. nl,write("* This is an arrhythmia identification
2 11
gRx nl,write("* system. Please respond by typing in
1
,f X nl,write("* 'y’ for yes and ‘n’ for no.
14
S nl,write("*
OF

nl,write("* Thank You !!
*Il) '

{ol.



nl,write("* * % % % % % % % % % % &% % * * * * * * * * *
Ly,

nl,nl,

do_consulting,

write(" Press the space bar. "),

readchar(_),

clearwindow,

exit.

do_consulting :-
illness_is(0,P), assertz( xillness_is(O,P)),!,
nl,write("The condition maybe ",0,"."),
nl,clear_ facts.

do_consulting :-
nl,write("Sorry, I’m unable to determine this condition.%),
nl, clear_ facts.

ask(X,Y,2) :-
Write("QueStion S - |I’X,I| the II’Y,II II’"?III" ")I
readln(Reply),
remember (X,Y,Z,Reply) .

/* INFERENCE ENGINE */

positive(X,¥Y,2) :-
xpositive(X,Y,z), !.
positive(X,Y,Z) :-
not (negative(X,¥Y,2)),!,
ask(X,Y¥,2).

negative(X,Y¥,Z) :-
xnegative(X,Y,2),!.

remember (X,Y,2,y) :-
assertz( xpositive(X,Y,Z7)).

remember (X,Y,2,n) :-

assertz (xnegative(X,Y,%7)),
fail.

clear_facts :- o
nl,write ("I have saved the diagnostic conditions"),

to 2



nl,write("in a file called 'result.pro’.")
/* readln(Filename), */
save ("result.pro"),
/* retract(xnegative(_, )),
retract (xpositive(_, , )),
fail. B

14

*/

clear facts :-
retract (xnegative( , ,
retract(xillness_is(_,
fail.

)
)

clear facts :-
nl,nl, write("Program finished."),
nl,nl,redo.

redo :-
write ("Run the program again (y/n) ? "),
readln (Response),
run_again(Response).

run_again(y) :-
nl,nl,
do_expert_ job.

run_again(n) :-
nl,nl.

/% PRODUCTION RULES */

/% Rhythms#*/

illness_is("normal sinus rhythm" "131") :-
it_is("heartbeat normal"),
positive(is,"P-P regular","090"),
positive(is,"R-R regular","103"),
it is("P-P equal to R-R"),
positive(is,"BPM between 60 and 100","501"),

illness is("tachycardia", "133") :-
it _is("heartbeat normal"),
positive(is,"P-P regular","o090"),
positive(is,"R-R regular","103"),
it is("P-P equal to R-R"),
positive(is,"BPM > 100" ,"503"), !.

illness is("bradycardia",6"135") :-
it is("heartbeat normal"),
positive(is,"P-P regular","090"),
positive(is,"R-R regular","103"),
it is("P-P equal to R-R"),
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positive(is,"BPM < 60","505"), |,
illness is("sinus arrhythmia",6"137") :-
it_is("heartbeat normal"),
not (positive(is,"P-P regular", "090")),
not (positive(is, "R-R regular","103")),
positive(is,"P-P varying cyclically","097"),
positive(is,"R-R varying cyclically","108"),
it _is("P-P equal to R-R"), |!.

illness_is("sinus block","139") :-
it_is("heartbeat normal'),
not (positive(is, "P-P regular","090")),
not (positive(is,"R-R regular","103")),
it _is("long P-P a multiple of the short pP-P"),
it is("long R-R a multiple of the short R-R"),
it is("P-P equal to R-R"), !.

illness_is("sinus arrest","141") :-
it _is("heartbeat normal"),
not (positive(is,"P-P regular","090")),
not (positive(is,"R-R regular","103")),
it _is("long P-P not a multiple of the short p-P"),
it _is("long R-R not a multiple of the short R-R"),
it _is("P-P equal to R-R"), !.

/***************************************************/

/*%%%% Drug Effects %%%kikkxkkkkkkihts/

illness_is("effect of quinidine/propranolol","215") :-
positive(is,"person using cardiac drugs","010"),
not (it is("P wave rounded")),
positive(is,"P wave notched","541%"), !.

illness_is("effect of quinidine/propranoclol™,"215") :-
positive(is,"person using cardiac drugs",b"010"),
not (positive(is,"P wave duration not > 0.12 sec.","219")),

illness is("effect of quinindine/propranolol",6 "215") :-—
positive(is, "person using cardiac drugs","01l0"),
it _is("T wave inverted"), !.

illness is("effect of quinidine/propranolol","215") :-
positive(is,"person using cardiac drugs","010"),
not (positive(is,"T wave rounded and assymetrical","059")),
positive(is,"T wave notched","755"), !.

illness is("effect of quinidine/propranolol™, "215") :-
positive(is,"person using cardiac drugs","010"),
positive(is,"T wave present","055"),
positive(is,"U wave present","065"),
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not (it is("T wave amplitude > than that of U wave')), !.

illness is("effect of quinidine/propranolol","215") :-—
positive(is,"person using cardiac drugs","010"),
it is("ST segment depressed"), !.

illness_is("effect of digitalis", "213") :-
positive(is,"person using cardiac drugs","010"),
it is("ST segment sagging™), !.

illness_is("effect of digitalis","213") :-
positive(is,"person using cardiac drugs","010"),
positive(is,"QRS complex present","032"),
positive(is,"T wave present","055"),
positive(is,"QT interval present",™08s5"),
not (positive(is,"QT > 0.375 R-R but < 0.5 R-R for HR of 65~
%o BPM","573")),

- positive(is,"QT < 0.375 R-R for heartrate between 65-90
BPM","901"), !.

illness is("effect of quinidine/propranolol™,"215") :-
positive(is,"person using cardiac drugs","010"),
positive(is,"QRS complex present","032"),
positive(is,"T wave present","055"),
positive(is,"QT interval present","085"),
not (positive(is,"QT > 0.375 R-R but < 0.5 R-R for HR of 65-
90 BPM","573")),

positive(is,"QT > 0.5 R-R for heartrate between 65-90
‘BPM","900"), !.

J*%%kkkkk%% Quick answer block I
T Ly

/* i have put all the quick triggering questions */

/* here, in order to avoid unnecessary search. also note */
/* that these conditions are themselves in order */

/% i.e, P, QRS, T, ....and so on .*/

illness is("atrial fibrillation","151") :-
it _is("baseline noisy"),
positive(is,"QRS complex present", "032"), !.

illness is("ventricular fibrillation","189") :-

it _is("baseline chaotic"),

not (positive(is,"QRS complex present","032")), !.
illness_ is("ventricular flutter","187") :-

it is("baseline sinusoidal"),

not (positive(is,"QRS complex present", "032")), !.

illness_is("hyperkalemia","211") :-

ios



Bause™,"243"),

not (positive(is,"person using cardiac drugs","010")),
positive(is,"P wave present","012"),

not(it_is("P wave rounded")),

positive(is,"P wave flattened",6 "751%"), !.

illness_is("bundle branch block","177") :-
it _is("QRS complex prolonged"),
positive(is,"QRS with R-R’","037"),!.

illness_is("infarction","203") :-
not (positive(is, "person using cardiac drugs","010")),
positive(is,"QRS complex present",6"032"),
positive(is,"QRS with significant Q’s%,"051"), !.
/******************************************************/

/% Atrial Abnormalities*/

illness_is("wandering atrial pacemaker",6 "143") :-
it is("P wave of varying shape"),

it _is("QRS complex normal"),

positive(is,"P-P regular","090"),
positive(is, "R-R regular","103"),

it is("P-P equal to R-R"),

positive(is,"BPM between 60 and 100","501%"), !.

illness_is("paroxysmal atrial tachycardia",6"147") :-

it_is("P wave of varying shape"),

positive(is,"rhythm accelerated with sudden on/off","006"),

it is("P-P equal to R-R"),

positive(is,"BPM between 150 and 250","507"),!.
illness_is("premature atrial contraction","145") :-
it is("P wave of varying shape"),
positive(is,"P wave premature'","026"),
positive(is,"premature P wave followed by pause ",6"028"),
positive(is,"premature P wave returning to NSR after the

it _is("QRS complex normal®),!.

VAL L ks Quick trigger block II #%%&kikkkkki#/

illness_is("ventricular enlargement or ischemia or injury or

infarction", "701") :-

not (positive(is,"person using cardiac drugs","010")),
it is("T wave inverted"), !.

illness is("hyperkalemia®,6"211") :-
not (positive(is,"person using cardiac drugs","010")),
positive(is,"T wave present","055"),
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;t_és("P wave not preceding the QRS complex"),
1t_}s§"QR§ complex prolonged"),
positive(is,"R-R between 20 and 40 BpPM","511"), !

illness_is("accelerated idioventricular rhythm","171") :-
it_is("P wave not preceding the QRS complex"),
it is("QRS complex prolonged"),
positive(is,"R-R between 40 and 100 BPM","513"), !.

illness_is("ventricular tachycardia","173") :-
it_is("P wave not preceding the QRS complex"),
it_is("QRS complex prolonged"),
positive(is,"R-R > 100 BPM","515%), !.

illness_is("paroxysmal ventricular tachycardia","181") :-
it _is("QRS complex prolonged"),
positive(is,"rhythm accelerated with sudden on/off","006"),
positive(is,"R-R > 100 BPM",6"515"), !.

illness_is("ventricular tachycardia with fusion beat","183")

it_is("P wave absent"),

it is("QRS complex prolonged"),

positive(is,"QRS complex with fusion beat","043"),
positive(is,"R—R > 100 BPM","515"),!.

illness_is("ventricular tachycardia with capture beat","185%)

it is("P wave absent"),

it_is("QRS complex prolonged"),

positive(is,"QRS complex with capture beat",™045"),
positive(is,"R-R > 100 BPM","515"), !.

illness_is("ventricular tachycardia with fusion beat™",6"183")

positive(is,"P wave present","012"),

it is("QRS complex prolonged"),

positive(is,"QRS complex with fusion beat",6"043"),
it is("PR interval abnormal'),

positive(is,"R-R > 100 BPM",6"515"),!.

illness is("ventricular tachycardia with capture beat","185")

positive(is,"P wave present",b"012"),

it is("QRS complex prolonged"),

poEitéve(is,"QRS complex with capture beat","045"),
it is("PR interval abnormal"),

positive(is,"R-R > 100 BPM",6"515"), !.

111ness is(“atrial £lutier™ N1A9N) -
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not (it is("P wave rounded")),

it_is("P wave sawtoothed"),

positive(is,"P-P between 250 and 350 BPM","030"),
it _is("P-P not equal to R-R"), !.

**************************************************************/

/* Junctional Abnormalities */

illness_is("first degree heart block","161") :-
it _is("P wave normal"),
it _is("QRS complex normal"),
it_is("PR interval prolonged"),
it _is("P-P equal to R-R"),!.

illness_is("wenckebach",6"163") :-
it_is("P wave normal"),
positive(is,"QRS complex with some missing","221"),
it _is("PR interval varying"),
positive(is,"P-P regular","090"),
not (positive(is,"R-R regular","103")), !.

illness_is("mobitz II block","165") :-

it is("P wave normal"),

positive(is,"QRS complex with some missing","221"),
positive(is,"P-P regular","090"),

not (positive(is,"R-R regular","103")),

it_is("long R-R a multiple of the short R-R"),!.

illness is("third degree heart block","167") :-
it_is("P wave normal"),
it is("QRS complex normal'),
positive(is,"P-P regular","090"),
positive(is,"R-R regular",b"103"),
positive(is,"P-P greater than R-R","523"), !.

/******Type I***********************/

illness_is("junctional escape beat",6"155") :-
it is("P wave absent"),
positive(is,"QRS complex present","032"),
positive(is,"QRS complex with an escape beat™,"049"),
positive(is,"rhythm showing a pause","008"),!.

illness_is("premature junctional contraction","157") :-
it is("P wave absent"),
it is("QRS complex normal),
it _is("PR interval absent"),
not (positive(is,"R-R regulaxr","103")),
it_is("long R-R not a multiple of the short R-R"),!.
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illness is("junctional tachycardia","159") :-
it is("P wave absent"),
it is("QRS complex normal"),
it _is("PR interval absent"),
positive(is,"R-R > 100 BPM","515"),!.

/**********************/

illness_is("premature junctional contraction","157") :-
it_is("P wave abnormal"),
it is("QRS complex normal"),
it _is("PR interval absent"),
not (positive(is,"R-R regular","103")),
it _is("long R-R not a multiple of the short R-R"),!.

illness is("junctional tachycardia",6"159") :-
it is("P wave abnormal"),
it _is("QRS complex normal),
it is("PR interval absent"),
positive(is,"R-R > 100 BPM", "515"),!.

/***********************/

illness is("junctional escape beat", "155") :-
it is("P wave abnormal"),
positive(is,"QRS complex present",'032"),
positive(is,"QRS complex with an escape beat","049"),
it _is("PR interval short"),
positive(is,"rhythm showing a pause","008"), !.

illness is("premature junctional contraction","157%") :-
it _is("P wave abnormal"),
it _is("QRS complex normal'),
it _is("PR interval short"),
not (positive(is,"R-R regular","103")),
it _is("long R-R not a multiple of the short R-R"), !.

illness_is("junctional tachycardia","159") :-
it _is("P wave abnormal"),
it is("QRS complex normal'),
it_is("PR interval short"),
positive(is,"R-R regular","103"),
positive(is,"R-R > 100 BPM","515"),!.

illness_is("junctional rhythm",6"153") :-
it _is("P wave absent"),
it is("QRS complex normal'),
positive(is,"R-R < 100 BPM","525"), I.

illness_is("junctional rhythm",6"153") :-
it is("P wave abnormal"),
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it _is("QRS complex normal"),
it_is("PR interval short"),
positive(is,"R-R < 100 BPM ", "525"),!.

illness_is("premature ventricular contraction","179")
it _is("QRS complex prolonged"),
positive(is,"QRS complex with premature beat","041"),
positive(is,"QRS complex with fusion beat",™043"),!.

illness is("premature ventricular contraction","179") :-
it _is("QRS complex prolonged"),
positive(is,"QRS complex with premature beat","041"),
positive(is,"QRS complex interpolated",™047"),!.

illness_is("premature ventricular contraction","179")
it_is("QRS complex prolonged"),
positive(is,"QRS complex with premature beat","041"),
positive(is,"wave unifocal","529"),!.

illness_is("premature ventricular contraction",6"179")
it is("QRS complex prolonged"),
positive(is,"QRS complex with premature beat",™041"),
positive(is,"wave multifocal","531"),!.

illness_is("premature ventricular contraction","179")
it _is("QRS complex prolonged"),
positive(is,"QRS complex with premature beat",™041"),
positive(is,"wave bigeminous", "533"),!.

illness is("premature ventricular contraction","179")
it_is("QRS complex prolonged"),
positive(is,"QRS complex with premature beat",b™"041"),
positive(is,"wave 1:2 trigeminous","535"),!.

illness is("premature ventricular contraction","179")
it is("QRS complex prolonged"),
positive(is,"QRS complex with premature beat",™041"),
positive(is,"wave 2:1 trigeminous","537"),!.

illness is("premature ventricular contraction",b"179") :
it _is("QRS complex prolonged"),
positive(is,"QRS complex with premature beat",™041"),
positive(is,"wave 3:1 quadrigeminous",b"539"),!.

illness_is("premature ventricular contraction","179") :-
it _is("QRS complex prolonged"),

positive(is,"QRS complex with premature beat'",™041"),
it _is("P-P equal to R-R and has a compensatory pause"),!.

/*************************************************************/

/* Enlarged Hearts */



illness_is("left atrial enlargement","191") :-
not (positive(is,"person using cardiac drugs","010")),
positive(is,"P wave present","012"),
not(it_is("P wave rounded")),
positive(is,"P wave notched", 6 "541"),
not(it_is("PR interval short")), !.

illness is("right atrial enlargement","193") :-
positive(is,"P wave present",™012"),
not (it _is("P wave rounded")),
positive(is,"P wave peaked",6"545"),
not (it is("PR interval short")), !.

illness_is("biatrial enlargement",6"195") :-
positive(is,"P wave present","o01l2"),
not (positive(is,"P wave amplitude not > 0.3 mv","217")),
not (it _is("PR interval short")), !.

illness_is("left atrial enlargement","191") :-
not (positive(is,"person using cardiac drugs",6"010")),
positive(is,"P wave present","012"),
not (positive(is,"P wave duration not > 0.12 sec.","219")),
not(it_is("PR interval short")), !.

/***************************/

/%
*/

it _is("P wave rounded") :-
positive(is,"P wave present","012"),
positive(is,"P wave rounded",b"599"), I.

it is("QRS complex prolonged") :-
positive(is,"QRS complex present", 6 "032"),
not (positive(is,"QRS complex duration <= 0.1 sec","565")),!.

it _is("heartbeat normal") :-
not (positive(is,"person using cardiac drugs","010")),
it_is("P wave normal"),
it is("QRS complex normal"),
it _is("T wave normal"),
it _is("U wave normal"),

tel



it is("PR interval normal"),
it is("PR segment normal'),
it is("ST segment normal"),
it _is("QT interval normal"), !.

it is("P-P equal to R-R") :-
positive(is,"P wave present","012"),
positive(is,"QRS complex present","032"),
positive(is,"P-P equal to R-R","237"),!.

it _is("P wave not preceding the QRS complex") :-
positive(is,"P wave present", "01l2"),
not (positive(is,"P wave ahead of the QRS", "024")),!.

it_is("ST segment depressed") :-
positive(is,"T wave present","055"),
positive(is,"ST segment present","081"),
not (positive(is,"ST segment isoelectric","571")),
positive(is,"ST segment depressed","553%"),!.

it is("ST segment elevated") :-
positive(is,"T wave present","055"),
positive(is,"ST segment present","081"),
not (positive(is,"ST segment isoelectric","571")),
positive(is,"ST segment elevated","555"),!.

it is("ST segment sagging") :-
positive(is,"T wave present","055"),
positive(is,"ST segment present",6"081"),
not (positive(is,"ST segment isoelectric","571")),
positive(is,"ST segment sagging","752"), !.

it is("T wave inverted") :-
positive(is,"T wave present","055"),
not (positive(is,"T wave upright","057")),!.

it is("P wave sawtoothed") :-
positive(is,"P wave present","012"),
not (positive(is,"P wave rounded","599")),
positive(is,"P wave sawtoothed","557"),

it is("P wave normal") :-
positive(is,"P wave present","012"),
positive(is,"P wave upright","01le"),
positive(is,"P wave monophasic","018"),
positive(is,"P wave rounded","599"),
positive(is,"P wave amplitude not > 0.3 mv","217"),
positive(is,"P wave duration not > 0.12 sec.",6"219"),
positive(is,"P wave all similar",b"o014"),
positive(is,"P wave ahead of the QRS","024"),
positive(is,"P wave present in each cycle" , "254%), .
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wave®" , "231"),!.

it_is("QRS complex
positive(is, "QRS
positive(is, "QRS

normal")
complex present","032"),

complex upright","034"),
positive(is,"QRS complex duration <= 0.1 sec","565"),
positive(is,"QRS complex all similar","039"%),

not (positive(is,"QRS complex with some missing","221%")),
not (positive(is,"QRS with R-R’/","037")),

not (positive(is,"QRS with significant Q’s","051")), !.

it _is("T wave normal®)
positive(is,"T wave
positive(is,"T wave
positive(is,"T wave
positive(is,"T wave

present","055"),

upright","os57"),

rounded and assymetrical","059"),
all similar","061"),
positive(is,"T wave duration <= 0.2 sec.","233"),
positive(is,"T wave amplitude <= 0.5 mv",6"229"),

it is("T wave amplitude > than that of U wave"), !.

it _is("T wave amplitude > than that of U wave") :-
positive(is,"U wave present","065"),
positive(is,"T wave amplitude > than that of U

present","055"),

upright","o57"),

rounded and assymetrical","059"),
all similar","061"™),

duration <= 0.2 sec.","233"),
amplitude <= 0.5 mv", "2290"), |,

it _is("T wave normal")
positive(is,"T wave
positive(is,"T wave
positive(is,"T wave
positive(is,"T wave
positive(is,"T wave
positive(is,"T wave

it _is("U wave normal")
positive(is,"U wave
positive(is,"U wave
positive(is,"U wave

present","065"),
upright and similar","067"),

it is("U wave normal') :-
it _is("U wave absent"),!.

it_is("U wave absent")
not (positive(is,"U wave present","065")),!.

it _is("PR interval normal")
positive(is,"PR interval present","070"),
not(it_is("PR interval short")),
not (it is("PR interval prolonged")),
positive(is,"PR interval constant","o072"), !.

it _is("PR segment
positive(is,"PR
positive(is,"PR

normal™)
segment present","077"),
segment isoelectric","569"), !.

it _is("ST segment normal") :-

3

amplitude < that of T wave",6"235"),1!.



it is("long R-R a multiple of the short R-R") :-
not (positive(is,"R~R regular",6"103")),
positive(is,"long R-R a multiple of the short R-
Rll "110") ! .
. 4 4

it is("long P-P not a multiple of the short P-P") :-
not(it_is("long P-P a multiple of the short P-P")),!.

it is("long R-R not a multiple of the short R-R") :-
not(it_is("long R-R a multiple of the short R-R")),!.

it is("PR interval varying") :-
not (positive(is,"PR interval constant","072")),!.

it_is("PR interval short") :-
positive(is,"PR interval present","070"),
positive(is,"PR interval < 0.12 sec","249"),6 !,

it is("PR interval prolonged") :-
positive(is,"PR interval present","070"),
positive(is,"PR interval > 0.2 sec","251"),!.

it is("PR interval abnormal") :-
not(it_is("PR interval normal")),!.

it is("baseline noisy") :-
not (positive(is,"P wave present","012")),
positive(is,"baseline noisy","509"), !.

it _is("baseline sinusoidal") :-
not (positive(is,"P wave present","012")),
positive(is,"baseline sinusoidal","521%"), !.

it _is("baseline chaotic") :-
not (positive(is,"P wave present",™012")),
positive(is,"baseline chaotic","519"), !.

/* End */
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Appendix C

Arrhythmaas Diagnosable by the Ezpert System

Presented in this appendix are the conditions used by the expert system
to diagnose each cardiac condition. Fach of them (wherever possible) is ac-
companied by the actual EKG strip that exhibits the particular condition.

The conditions are stored in the form of three clauses, that is :

a) zpositive, where the clauses are positive symptoms of the diag-
nosed condition.

b) znegative, where the clauses are negative symptoms of the diag-
nosed condition.

c) zillness-1s, where the clause states the diagnosed condition.
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xpositive("is","P wave present","012")
xpositive ("is","P wave upright","01lé")
xpositive("is","P wave monophasic","018")
xXpositive("is","P wave rounded","599")
xXpositive ("is","P wave amplitude not > 0.3 mv", "217")
xpositive ("is","P wave duration not > 0.12 sec.","219")
xpositive ("is","P wave all similar","014")
xpositive("is","P wave ahead of the QRS"™,"024")
xpositive ("is","P wave present in each cycle",6"254")
xpositive("is","QRS complex present", "032")
xpositive("is","QRS complex upright","034")
xpositive ("is","QRS complex duration <= 0.1 sec","565")
xpositive("is","QRS complex all similar","039")
xpositive("is","T wave present","055")
xpositive ("is","T wave upright","057")
xpositive("is","T wave rounded and assymetrical","059")
xpositive ("is","T wave all similar","061")
xpositive ("is","T wave duration <= 0.2 sec.","233")
xpositive ("is","T wave amplitude <= 0.5 mV", "229")
xpositive("is","PR interval present","070")
xXpositive("is","PR interval constant",6"072")
Xpositive("is","PR segment present","077")
xpositive ("is","PR segment isoelectric","569")
xpositive("is","ST segment present","081")
xpositive ("is","ST segment isoelectric","571")
xpositive("is","QT interval present",b"085")
xpositive("is","QT > 0.375 R-R but < 0.5 R-R for HR of 65-90
BPM","573")
xXpositive ("is","P-P regular",™090")
xpositive ("is","R-R regular","103")
Xpositive ("is","P-P equal to R-R","237")
Xpositive("is","BPM between 60 and 100","501")
xnegative ("is","person using cardiac drugs","010")
Xnegative ("is","QRS complex with some missing","221")
xnegative ("is","QRS with R-R’","037")
xnegative ("is","QRS with significant Q’s","051")
xnegative ("is","U wave present","065")
xXnegative ("is","PR interval < 0.12 sec","249"M)
xnegative("is","PR interval > 0.2 sec", "251")
xillness_is("normal sinus rhythm","131")



Xpositi nign n
xgositizgguizuluﬁ g:ve pregentu,n012n)
XpositiVe(niS"’"P Waze uprlght"{u016n)
XPOSitive ( nign 4 wp 1 e mOnOphaSJ_C" ’ "018")
Xpositive("is"® r np W:VG roun(:ledn ,"599M)
XPOSitiVe("is":"P WaXZ gﬁgi%FUde not > 0.3 mv","217")
xpositive("is","P wave all 5;3212§E iogé&? sec.t,"219%)
xpositive("is®," ’
XpositiVeE"i:n'ug xgz: ahead of the QRS","024")
xpositive("is", "ORS Y D I A aray S 1 224
xpositive("is","QRS complex present!, 10324)
Xpositj_Ve ( nign 4 "ORS compleX uPrlgl}t" ’ n 034n)
Xpositive(Mis","ORS complex duration <= 0.1 sect, t565%)
XpOSitive("iS":"T wave gr::eiiﬁ ﬁé@é%?r","039")
xpositive("is", " . ’
XgOSitivggnizu’ui xgzg upright","*057")
xPOSitive("iS":"T wave Zigngiiiiggnafggﬁfgrical"’"059")
xpositive(Mign, " ! '
Xgositiveﬁﬂizu'ug 3232 duration <= 0.2 sec.","233")
xpositive("is":"PR inteiggilgizze;:uo;g7mvn'"229")
xXpositive(tis®n " : ’ o"
Xgositivzg"i:"’"gg ;zterval conStant"'"072')')
XpOsitiVe("iS"l"PR Segment present","077")
xpositive ("is", ngT Segment isoelectric","569")
XpOsitiVe("iS"'HST segmenz Present",?ogln)
3 XPOSitive("isn ’ "o ingzen isoelectric® , ll571u)
BPMM xpOSitiVe("iS" : "OT > 0 :;"7’?1 present" , "085")

,"573") . R-R but < 0.5 R-R for HR of 65-90
Xpositiv N3l NP
XgOSitivz ghiz" ’ "12-112 regular:l ,"090")
XpOSitiVe(niS"’"P_P Zegular',"103n)
XpOsitj_Ve ( nign 7 WRDM >qual"t3 R-R","237")
Xnegative(uisn'" ors 100", 503n)'
XnegatiVe ( nign ! HgRS g:gmuilng C}ardlac drugs","010")
xnegative (Wis", "QRS ot monre mgaany missing","221")
XnegatiVe(niSu ! "QRS with RTR T '.'037")
xnegatiVe(niS"'"U e i significant Q’s","051")
Xnegative(uisu’"PR ivi present","065")
xnegative ("is", "PR igterval < 0.12 sect,"2491)
xnegative ("is", "BPM be§£ZZi o o2 sec","251")
Xlllness_is("taChycardia","l3gu?nd 100%,"501")
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xXpositive ("is","

xpositivzg"iz"’"g xzve D iohtn molan)
xpositive("is"’"P waX: D hasicn 0!
xpositive("is"’"P wa o sgomy )
xpositive("is","P waze bl itade not )
xpositive("iS":"P wavg ggﬁliFude o0 s 015 secwomai:
xpos%tive("is","P wave alla imi noE notan; oortn2EN)
xXpositive("is" ,"P wave ah glmllar omSh 1
xpositive("is"’"P wave i A A
xpositive("is":"QRS compiesent in each cycle",'254")
xpositive("is","QRS compleX pregent","032")
xpositive("is"’"QRS complex uprlgpt“,"034“)
xpositive("is":"QRs complex durat%op <= 0.1 sec","565")
Xpositive ("is","T wave grzzeii% ﬁégéﬁ?r"’"OBQH)
xpositive("ig"," i .
Mpositive(Mish"T wave rounded and ast
xpos%tive("is":"T wave ;igndgd_and"assymetrical","059")
xpositive ("is","T wave du i}mllar 0 2 e
xpositive("is","T wave a ri_lon 0025 an haany
xpositive("is","PR intergplltude Sennozony | 22
xpositive ("is","PR inte o Deretanth Moozl
xpositive("is"’"PR m rval constant","072")
xpositive("is"’"PR Segment D cesoctiion m
xpositive("is"’"ST SegmenE isoelectrich,"569")
xpositive("is"’"ST segment D oesoctrion ni

| xpositive("is"’“QT ingmen isoelectric","571")

Pt M5 xpositive("is":"QT > Oegggl PR bt < 0 2 R

a573m) N . R-R but < 0.5 R-R for HR of 65-90
xXpositive("is", "p-

xpositiveg"iz“:"g-g izgﬁigix':ggg:;

xXpositive("is","P- '

mositize(iiar Es suil Lo, a7
xnegative("is"’"pers ot ing cara:

xnegative("is":"QRs nguilng o some mioeitg nal

xnegative ("is", "QRS witﬁ Ef Wﬁth Sowy missingt,tz2im)
xnegative ("is","QRS with onifioont’

xnegative("is"'"U wave Soin noegny o oot
xnegative("is“’"PR int DT 0 15 e

xnegative("is“:“PR intgizai S 0.2 soon hpayny

xnegative ("is", "BPM betweZn Z Yind 100k Hoo1h
xpegative("is“,"BPM > 100" "583ﬁnd 1007, 503
x1llness_1s("bradycardia",6135"))
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BPMII ’ ll573||)

prqele) 1 1 Myl
Spoaitive(rian P ave pretenty. 1012y
xpositive("is“'"P W:ze e hacian 0!
xpositive("is","P v e monophasic","018")
xpositive("is“’"P W:Xe i itade Dot |
xpositive("is":"P Wav: ggﬁiéFude oo 00is Sl g
xXpositive("is","P wave all siﬁglgiﬁ iogé%? sec. ", 1230
Xpositive ("is","P wave ahead of th '
xpositive("is"," in e S e
xpositiveg"iz"’"gRgaze piesent in each cycle",&254")
XpOSitive ( nion r WORS omplex pre§ent" , 1032 n)
xpositive("is"’"QRS gomplex ation < 0.
xpositive("is"’"QRS cggpiex durat}op <= 0.1 sec", "565")
xpositive("is":“T wave grzzeii% ﬁgg;%?r","039")
Xpositive("is", " i .
xpositive("is":"T wave ;i?ngigiigg"aﬁsgﬁﬁgrical","059")
Xpositive("is"," i C
xpositive("is"’"PR inteamplltude senngzomy | 220
xpositive("is"’"PR int val Dorecanth no7zh
xpositive(“is","PR : erval constant", "072")
xpositive("is"'"PR segment Do Tactiion uh
xpositive("is“’"ST sggment isoelectric","569")
xpositive("is"’"ST segment D actiion i
xpositive("is",“QT ingment isoelectric!","571M)
xpositive("is"’“QT erval present","085")

R > 0.375 R-R but < 0.5 R-R for HR of 65-90

xXpositi ui
xgositizgﬁniz:::iggg i—g Z ﬁuigiple of the short P-P","099")
] v . - u
iﬁZSlE%Ve(:ls"r"P—P equal to R_;€132§§“§he short R-RT,T110%)
. 4
cnesscive (il pereon ueing cazalec ariae ity
. L ’ complex wi ; :
e o wons WTth RoR/ mosTRy e AT
ety (S o With significant fst, 051"
“n g t%ve('}s ,"U wave present","065u) ! )
xnzggtizzgg%s:':PR interval < 0.12 sec","249")
. 1is","PR interval > 0.2 0o
xnegative("1is", "p~P regular",uoéon?ec 12511)
negative "is","P-P varying c i
xillness is("sinus block",%l3gﬁilcally"/"097")
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Xpositi nygn t
XgOSiEizggﬂizu’Jg xave Pregent","012n)
XPOSitiVe("is"'uP wzve upright","016")
XPOSitive("is"r"P ve monophasic","018")
xpOSitiVe ( nymn r np xzze I’Ollnqed" ,"59091M)
xpositive("is","P wave allasiﬁglggE ioié*? see. T, 2197
xpositive("is","P wave ahead of the
Xpositive("is"," . e QRS" tpo24M
XPOSitiveE"izu'ngRgazg piesent in each cycle",1254n)
XpOSitive("isu'nQRS mplex present”, "032")
xpositiVe(uiS"'"QRs ggmpiex upright","034")
XPOSitive("is"’"QRS coﬁplex duration <= 0.l sec',"565")
xPOSitive("iS":"T wave grzzeii% ﬁégg%?r"'"039")
XpOSitive Hian 0 N 4
XPOSitiVeE“izu'ug xgzz upright","057")
xPOSitive("iS":"T wave gigngiiiigguaﬁggﬁﬁtrical"'"059")
xpositive("isg", " S ’ )
XPOSitiveE"izu’ug xgz: duri?lon <= 0.2 sec.","233")
XpositiVe(uiS“’"PR e amplitude <= 0.5 mv", "229")
XpositiVe("iS"r"PR : terval present","070")
XpoSitiVe("is"’"PR Sn erval constant","072")
XpositiVe(nis“'"PR Segment present","077")
XPOSitive("is"'usT Segment isoelectric","569")
xpositive ("is", "gT Segment present","081")
XPositive(“is"'"QT iegment isoelectric", "571")
- xpositive("is","QT nterval present s o8]
BPM" ,"573") 7 .375 R-R but < 0.5 R-R for HR of 65-90
XpOSitiVe Ny Npo . ]
XpositiVe E "izll ! nIP;_IP; Xgry%ng CYCl:j.cally" ,"097"M)
Xpositive(uisn:"P_P eqﬁZingocﬁcé%cﬁégy?'"108")
xnegative("ish v , Ry 7")
Xnegatj_ve E n iz" ! "g;gsggmuilng C.Jardlac drugs","010")
Xnegative("is"'"QRS witﬁ ex Y%th some missing","221"M)
Xnegatj_ve ( nign ! "QRS £ R.._R ! "'037")
Xnegative("is",“U Wan h significant Q’s",6"051")
Xnegative(nis"’"PR ivi present","065")
xnegative ("is", "PR igterval < 0.12 sec","249")
xnegative ("is", "P-P erval > 0.2 sect, 2517)
XnegatiVe ( nign ’ WRR regular ’ "090")
xillness iS("sinus regular?’u103u)
- arrhythmia","137")

149



xXpositive("is","
xpositiveg"iz"’"i xgve D eiohan noLan)
xpositive("is"’"P Wazz D hesion ao)
xpositive("is"’"P wa o oqn asbony
xpositive("is"’"P Waze b itade not |
xpositive("iS":"P Wav: gﬂplé?ude 00y 0015 Sealnonan:
Xpositive("is","P wave alia oilaes worany SoortaLdn)
Xpositive("is","P wave ah 5ot the’ QRSN 1
XPOSitive(niSn:uP wave aread o in each cycien. i
D ltive(nion’ noms complesent in each cycle", "254")
D iy tnion s © plex present", "032")
xpositive("is","QRS cgmpiex ragion <0 0.
xpositive("is":"QRs Cogglzi d?rat%op <= 0.1 sec","565")
Xpositive("is" ,"T wave pr n % ?1mllar“,"039“)
Xpositive("is" ,"T wav D eiohin mogon)
xpositive("is"’"T wavg D naed nd s
xpositive("is":"T wave rigndgd'and assymetrical","059")
xXpositive("is","T wave 3 tion ot 5.2 sl
xpositive("is":"T wave aura§1on 0025 g haaamy)
xXpositive ("is","PR intergpiltude neriozomy | 220
xXpositive("is","PR inte o e anth moyan
xpositive("is"’"PR se o pocenen whrguy
xpositive("is"’"PR Segment present",u077u)
xpositive("is"’"ST segment isoelectric","569")
xpositive("is“’"ST segmenE D oesoctiion i
xpositive("is","QT in%men isoelectrich", "571"M)
BRI n573m) xpositive("is":"QT > oeggglRpEeiezt","085")
, . - ut < -
i v 0.5 R-R for HR of 65-90
xnegative("is"’"persigual'to cardlae ar:
xnegative("is":"QRS comuilng ?ardlac s g w2
e e lvaswion uans witﬁ ;f Y%th some missing","221")
xnegative ("is","QRS with omitioont’
xnegative("is"’"U wavé S r noggny oot
xnegative("is“’"PR intepresent"'"065")
xnegative("is"’"PR int val s 0.3 sean haetny
xnegative("is":“P—P regiggi">"8ég"?e0","251")
x¥negative("is","R- ’
xnegativeg"iz"’"g—g segu}ar","103")
xnegative("is“:“long ;Eglgg Y einie of tne ohi
xnegative("is","long R-R a ﬁﬁiz}ple OF the Short RoRM "i1om)
xillness_ is("sinus arrest“,"l41ﬁ1)3le of Ehe short RORT, LT
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xXpositive ("is","P wave present","012")

¥positive("is","P wave upright","016")

xpositive("is","P wave monophasic", "018")

xpositive ("is","QRS complex present",™032")

xpositive ("is","QRS complex duration <= 0.1 sec","565")

xpositive ("is","P wave all similar","014")

xpositive("is","T wave present","055")

xpositive ("is" ,"T wave upright","057")

xXpositive("is","T wave rounded and assymetrical®,"059")

xpositive("is","ST segment present","081%)

xpositive ("is","ST segment isoelectric","571")

xpositive ("is","QT interval present",6"085")

xXpositive ("is","QT > 0.375 R-R but < 0.5 R-R for HR of 65-90
BPM","573")

xpositive ("is","P wave ahead of the QRS","024")

xpositive("is","P wave sawtoothed","557")

xpositive ("is","P-P between 250 and 350 BPM","030")

xnegative ("is","person using cardiac drugs","010")

xnegative ("is","P wave rounded","599")

Xnegative("is","P wave flattened","751")

xnegative ("is","QRS with significant Q’s","051")

xXnegative ("is","U wave present","065")

¥negative ("is","P-P equal to R-R",6"237%)

xillness_is("atrial flutter","149")
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) pause' ,243")

xpositive ("is"
Xpositivzg"iz"':g wave presenth, 10121)
XPOSitiVe("is"’np wave upright","oleé")
XPOsitive("is"'nP wave monophasich,"018")
xpOSitiVe ( nign ! np xave roumzled" , "599u)
xPOSitive("is"’nP WZXZ gmpllﬁude not > 0.3 mv","217")
Xpositive("is"'uQRs v uration not > 0.12 sec.","219")
XPOSitive("is"'"QRS cOmplex present","032")
Xpositive("isu'nQRs complex durgtlon <= 0.1 sec","565")
XpOSitiVe ( " is" ! "QRS Omplex uprlgk‘lt" ’ " 034")
XPOSitive("isn'nP_P complex all similar™,™039")
ipositive(yiel (EE remlary, Toso))

P X - ular®, "103"
xpositive("is" - B 7 )
XpOSitive E nign ! "g P eqUal to R-R" , ll237||)
XPOSitiVe ( nign 7 "prZ;ZE premature" ,"026M")
xpoSitive("iS",“prematﬁre P wave followed by pause " ,"028")

' re P wave returning to NSR after the

Xnegative ("is"," . )

Xnegative E nign r "ge;:'rson using ) C?rdlac drugs","010")

Xnegative ( "iS" 7 "QRSaV?tall ) slIFll:!_ar" ' 1] 014 “)

Xnegative("is"’"QRS Zl h significant Q’s","051")

xnegative(uisn'nQRs ?ﬂplex with some missing","221")

Xnegative(lliSu,"BPM glth R—R’", "037")

Xnegative("is"'"rhyth; ween 60 and 100%,"501%)

xillness iS("péematu accelerated with sudden on/off","006"
_ re atrial contraction","145") ! )

{24



xpositive("is", "
xpositive("is","P Waze - PR
xpositive("is"’"P wave o ean wshemy )
xpositive("is"’"P wave oplitude not ]
xpositive("is":"P wavg gmpllFude o0 s 001 Seeln uzas
D eitiveinion noRS. com gratlon not > 0.12 sec:" nz219m
xXpositive ("is","QRS complex presept",“032") | |
D eitiveinion noRs co plex durgtlon <= 0.1 sec","565"
xpositive("is", "QRS complex T i ian | |
xpositive("is"’"P—P remp ex"all similar","039")
xpositive("is"'"R—R r gular|,"090")
xpositive("is"’"P—P I o Rony
xpositive("is":"rhytﬁgugiczi R—ﬁué"237")
D tiveinion’m erated with s
xnegativeguizn'"gggsgitwe?n 150 and 250"132232)On/Off","006”)
xnegative("is":"P wave uilng.cgrdlac Stans 1 oron)
xnegative("is", "QRS Witﬁ sionifiomnt oram
xnegative("is","QRS v 51gn}f1cant Q’s","051")
xnegative("is":"QRS Wgﬁglex Wlth some missing","221")
xnegative ("is","BPM bet on 60" ana 1t |
xpogatiy is("pérox ween.60 and 100","501")

- ysmal atrial tachycardia',™147")

t2S



Xpositive("is","P wave present",'"01l2"%)

xXpositive ("is","P wave upright","0le")
Xpositive("is","P wave monophasic","018")

xpositive ("is","P wave rounded",b"599")
xpositive("is","P wave amplitude not > 0.3 mv","217")
Xpositive ("ig","P wave duration not > 0.12 sec.","219")

Xpositive ("is","QRS
Xpositive("is","QRS
xXpositive ("is™", "QRS

Xpositive ("is","P~-P
xpositive ("is","R-R
xpositive("is", "P-P
xpositive("is","BPM

complex present","032")

complex duration <= 0.1 sec","565")
complex upright'","034")

complex all similar™,™039")
regular","090")

regular","103")

equal to R-R","237Y)

between 60 and 100","501")

xnegative ("is","person using cardiac drugs","010")
xnegative ("ig","P wave all similar","014")
Xnegative ("is","QRS with significant Q’s","051")

14
1
14
I
4
I
14
14
4
Xpositive ("is","QRS
4
14
4
I
7
I
7
14

xXnegative ("is","QRS
xnegative ("is", "QRS

complex with some missing", "221")
with R-R’","037")

¥illness is("wandering atrial pacemaker","143")
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xpositive("is", "baseline noisy","509")
xpositive("is","QRS complex present","032")
xnegative ("is","person using cardiac drugs","010")
xnegative ("is" ,"P wave present","012")
xillness_is("atrial fibrillation","151")
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e ositi "4 n n
xgositizig"iz"’"g xgve present","012")
xpositive("is"’"P wazz o hasian o)
xpositive("is"’“P wa PR wsegm) . )
xpositive("is","P waze T tads not |
xpositive("is“:“P wav: gﬂplé?ude e s 015 mecwongls
xpos@Eive("is","P wave aliasigglgiﬁ iogi%? sec. "/ 12197)
xpositive("is", " '
xpositiveg"i:“’"g ggzz et in cach eeaon 1
Xpositive(“is":"QRS compni'esent in each cycle",'254")
xpositive ("is","QRS complex R
xpositive("is"'"QRS co plex upr1gpt",“034")
xpositive("is“’"QRS cormnplex durat}op <= 0.1 sec", "565")
xpositive("is"i"T wave grzzeii% ﬁgg;%?r","039")
Xpositive ("is" " i .
xpositiveg"iz"'"g 323: D aeg and as:
xpositive("is“:"T wave ;igndgd.and oLy riealt, 1059T)
xpositive ("is" ,"T wave d S ion ot 5.2 ser
xpositive("is“:"T wave a;riFlon 02 oo haaany)
xpositive ("is","PR intervpl:Ltude e ngzomy | 20
Xpositive("is","PR inter o e e nas
xpositive(“is","ST se re presenth nos1my
Xpositive("is"’"ST segment D eesoctiian. e
xpositive(“is"’"QT ingment isoelectric®,"571")
| xpositive(“is"'" . erval present","085")
BEMM M573M) ,"QT > 0.375 R-R but < 0.5 R-R for HR of 65-90
xXpositive("is", "P-
xnegativeg"iz"’"geisggual'to cardiag 4o
xnegative("is":"QRS comui:Lng gardlac s g w2
xnegaEive("is","QRS witﬁ EfRWﬁtﬁoigwi missingt, 1221
xnegative ("is" " i ignifi
xnegativeg"is":"gRiaggtng;ggiflﬁggg"Q,s"I"051")
xnegative ("is"," i . )
xXillness és?ifirzi égterval Srt Drookn hieiny
- gree heart block","1l61")

i»0



xXpositive(Mis"
XIPDOSitin g "iz" 7 ::ﬁ wave pregent" , ll012||)
XpOSitive("isn'uP wave upright","ole")
xpOSitiVe ( Ny ’ np wave monophasj_c" ’ 018 ||)
XpOSitiVe(uis"l"P xave rounqed",u599")
XPOSitive("isnlnp szs gmpllFude not > 0.3 nmv", "217")
Xpositive(nisn:np wave agiagigplnoﬁ > 0.12 Sec-","219")
xpositive("ig", " 1lar","014")
XPOSitiveg"iiu’"g x:ze ahead Of_the QRS","024")
XpOSitiVe ( " iS" 4 " QRS e present in eaCh cycle" P "2 54 1" )
xpositive ("is", "QRS complex present!,"032")
xpositive(uisu'"QRS gomp%ex upright","034")
XPOSitive("is"'"QRs comp ex durat}og <= 0.1 sech",6"565")
xpositiVe(niS"r"QRS complex a}l similar","039")
Xpositive("is" " - ,"055M)
XPOSitiveE"izn'ng x:ve upright","057")
XpOSitive("is"’HST SVe rounded and assymetrical",'"059")
xPositive("is"'"ST egment present”,"081")
Xposj_tj_ve ( llis" ’ "QT ?egment lsoelectric" ’ ng7qn )

— xpositiVe(nis":"QT ingeival present", "085")

PM","573") ’ .375 R-R but < 0.5 R-R for HR of 65-90
xpositive("ig" -
Xgegativggniz"’:P P regUI?r"lnogon)
Xnegative(nisn'ugggsogtuSl?g ga;diac drugs","010")
xnegative ("is" MU wave h significant Q’s™","051")
XnegatiVe ( njgn ! "PRWa_'V€ present","065")
XnegatiVe("iS"'"R interval constant","072")
Kiliness is(Mwe -R regular","103")

_1s ( wenckebach" , "163 u)

121



BPM","573")

Xpositive(mis" "
xpositiveg"iz"’"g x:ve present","012")
xpositive("is","P waX: o heaian 503
xpositive("is"’“P wa o ogn asbomy
xpositive("is"’"P WaXe obritade not 2
xpositive("iS":"P Wavg gﬁgl%?ude 0050013 Sealn izl
xpositive("is","P wave aILlasJ'.OI'1 nOE mogan; SoortnERn)
xXpositive ("is","P wave ah dlmllar RSN
XPOSitive("iS" ’ np wove ead of .the QRS",1"024M)
xpositive("is":"QRS comp{esent in each cycle®,"254'")
xXpositive("is", "QRS CompleX P Emightn’ 103am)
xpositive("is":"QRS complex oration <o 0]
Xpos%tive("is","QRS comgl:§ dgrat%op <= 0.1 sec","565")
xpos1tive("is","QRS compleX a'l Slmllar?’"039")
D tivetwion e wave with some missing","221")
xpositive("is","T wa D eentn woaon)
xpositive("is":“T Wazg ?prlght“,"057")
xpos%tive(“is","ST segmeggn ed and"assymetrical","059")
Xpositive("is","ST segment present Attt
xpositive("is":"QT ingzrn llsoelectrlc","571")
xpositive("is","QT > 0.332 Rgiesigt:,gOEBH)

.5 R-R for HR of 65-90

iggiigizzgxi::':iRPinterval constant","072")
. N = regularn ngoQn
XPOSltlve("lS":"lon ' )
i g R-R a multi

xne i ple of t
xnegggizz(:%sn,:persO? using cardiac drug:usﬁgit"R_R"'nllo")
xnegativ ("%Sn’ QRS with significant Q’s" n65 "0 )
Xnegativzgn%s"’:U wave present","065") ’ i)

A ("isth, R-R regular","103"
Xillness_ is("mobitz II blockﬁ,n1651)

132



Xpositive("is"
XPOSitiV:g"iz"’:g wave pregent","012u)
XpOSitive("isu'"P wave uprlghtn{u016n)
xpositive ("is" 7 "o wave monophasic","0o1l8")
XpOSitiVe ( "iS" 14 np xave roum?.ed" , 599 u)
XPOSitiVe("is","P W:z: gmpllFude not > 0.3 mv","217")
XpositiVe ( "iS“ : "p wave ailia:iol:llnoﬁ > 0.12 sec." , ll219||)
Xpositive("is" " milar®,"014")
Xpositive § Ilisu 7 "g x:z: ahead of . the QRS" ’ ll024")
XPOSitive("is"'uQRS present in each cycle',6"254")
xXpositive ("is" ’ "ORS complex pre'?’ent" 1'032™)
XpOSitive("isnanRS gomplex uprlgbt","034")
XPOSitive("is"'nQRS Compi_ex durat%on <= 0.1 sec","565")
xpositive ("is", "T wavgmgrzx ai% similar","039")
XPositive("is"’"T wav sent™, ¥055")
cas ; e upright","o57"
XpOSltlve("lsu,nT ' )
positivaltis, vx wave rounded and asaymetricalr, Toson)
XPOSitiVe Hignw n A ar 1"061")
XpOSitive g"iS" ! "g x;zz dura‘i:',:l_on <= 0.2 sec." , o313 ")
Xpositive("is“’“PR int amplitude <= 0.5 mv",6"229")
XpOSitive("isn'uPR .nterval present","070")
xpositive("is","PR interval constantt,"072")
XpositiVe(niS"r"PR segment present","077")
XpOSitive ( gt ’ nor Segment isoelectric" , 1569 u)
xpositiVe(uiS"r"ST segment Present","oslﬂ)
xpositive(uis"'"QT segment isoelectric","571")
R — XPOSitive("isn'uQT ingeggglRpresent",n085")
4 - —
e xposit R but < 0.5 R-R for HR of 65-90
positive("is","p-
XPOSitiVeg"iiu’Jg g igguiar:,"09ou)
P . - ular™", 103"
xpositive ("is" "wp_ g 4 )
xnegativeguizn'ngeisgreat?r than R-R","523")
Xnegative("isu’uQRs Cg uilng ?ardlac drugs","010")
Xnegative("isnanRS .ﬂp ex with some missing","221")
XnegatiVe (" fan 7 "ORS W:!.th RTR’ |'| , |.l 037")
Xnegative ("iS“ ! “U Wavvvé ;rSlgn_Jthflcant Q’ S" ’ "051“)
. , esen "oe5"
xnegative nygw m : ' )
xnegativeg"is","gg ;nzerval < 0.12 sech, "2491)
xnegative ("is","P-p zqiggai >RO.2 sect, 1251")
xillness i M 4 o R-RY", "237"
_is("third degree heart biockn,1167")
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This condition will also be diagnosed for the following
condition :

1. P wave present but abnormal and PR interval short.

xpositive ("is","QRS complex present","032")
Xpositive("is","QRS complex duration <= 0.1 sec","565")
Xpositive ("is","T wave present","055")
xXpositive ("is","T wave upright","057")
Xpositive ("is","T wave rounded and assymetrical","059")
Xpositive("is","ST segment present","081")
Xpositive("is","ST segment isoelectric","571")
Xpositive("is","QT interval present","085")
xpositive ("is","QT > 0.375 R-R but < 0.5 R-R for HR of 65-90
BPM" ,"573"M) .
Xpositive ("is","QRS complex with an escape beat","049")
Xpositive("is","rhythm showing a pause","008")
xnegative ("is", "person using cardiac drugs","010")
xnegative ("is","P wave present","012")
xXnegative ("is","baseline noisy","509")
xnegative ("is","baseline chaotic","519")
Xnegative ("is","baseline sinusoidal","521")
xXnegative ("is","QRS with significant Q’s","051")
xnegative ("is","U wave present","065")
x¥illness_is("junctional escape beat","155")

(24



This condition will also be diagnosed for the following
conditions also :

1. P wave present but abnormal and PR interval absent.
2. P wave present but abnormal and PR interval present but

short.

Xpositive ("is","QRS complex present","032")

xpositive ("is","QRS complex duration <= 0.1 sec" ,6"565")

xpositive ("is","T wave present", "055")

xXpositive ("is","T wave upright","057")

xpositive ("is","T wave rounded and assymetrical",6"059")

xpositive ("is","ST segment present","081")

xXpositive ("is","ST segment isoelectric","571")

xpositive ("is","QT interval present","085")

Xpositive ("is","QT > 0.375 R-R but < 0.5 R-R for HR of 65-90
‘BPM","573")

xpositive ("is","QRS complex upright","034")

Xpositive("is","QRS complex all similar","039")

Xnegative ("is","person using cardiac drugs","010")

Xnegative ("is","P wave present","0l2")

Xnegative ("is","baseline noisy","509")

xXnegative ("is","baseline chaotic","519")

xXnegative ("is","baseline sinusoidal","521")

Xnegative ("is","QRS with significant Q’s","051")

Xnegative ("is","U wave present","065")

xnegative ("is","QRS complex with an escape beat","049")

xnegative ("is","QRS complex with some missing","221")

Xnegative ("is","QRS with R-R’", "037")

xnegative ("is","PR interval present","070")

xnegative ("is","R-R regqular","103")

xnegative ("is","long R-R a multiple of the short R-R","110")

¥illness is("premature junctional contraction","157")



This condition will also be diagnosed for the following
cases :

1. P wave present but abnormal and PR interval absent.
2. P wave present but abnormal and PR interval present but
‘short.

Xpositive("is","QRS complex present","032")

Xpositive ("is","QRS complex duration <= 0.1 sec","565")

Xpositive("is" ,"T wave present", 6 "055")

xXpositive ("is","T wave upright","057")

xpositive ("is" ,"T wave rounded and assymetrical","059")

xpositive ("is","ST segment present","081")

Xpositive ("is","ST segment isoelectric","571")

Xpositive ("is","QT interval present","085")

Xpositive ("is","QT > 0.375 R-R but < 0.5 R-R for HR of 65-90
BPM" ’ "573 ll)

Xpositive("is","QRS complex upright","034")

xXpositive ("is","QRS complex all similar™",™039")

Xpositive("is","R-R regular","103")

Xpositive("is","R-R > 100 BPM",6"515")

Xnegative ("is","person using cardiac drugs",™"010")

xXnegative ("is","P wave present","012")

xnegative ("is","baseline noisy","509")

Xnegative ("is","baseline chaotic","519"%)

xXnegative ("is","baseline sinusoidal",b"521")

Xnegative ("is","QRS with significant Q’s","051")

xXnegative ("is","U wave present","065")

xnegative ("is","QRS complex with an escape beat","049")

xnegative ("is","QRS complex with some missing","221")

Xnegative ("is","QRS with R-R’","037")

xnegative ("is","PR interval present","070")

xillness_is("junctional tachycardia™,b"159")
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This condition will also be diagnosed for the following case

1. P wave present but abnormal and PR interval present but
short.

xXpositive("is","QRS complex present", "032")

Xpositive("is","QRS complex duration <= 0.1 sec","565")

¥positive ("is","T wave present","055")

xpositive ("is" ,"T wave upright","057")

xpositive ("is","T wave rounded and assymetrical™,"059")

xpositive ("is","ST segment present","081")

Xpositive ("is","ST segment isoelectric","571%)

xpositive ("is","QT interval present","085")

xpositive("is","QT > 0.375 R~R but < 0.5 R-R for HR of 65-90
BPMY ,"573 ll)

xpositive ("is","QRS complex upright",™034")

xXpositive ("is","QRS complex all similar","039")

xpositive ("is","PR interval present","070")

xpositive("is","R-R < 100 BPM",6"525")

xnegative ("is", "person using cardiac drugs","010")

xXnegative("is","P wave present","012")

¥negative ("is","baseline noisy","509")

xXnegative("is","baseline chaotic™","519")

xnegative ("is", "baseline sinusoidal®,"521")

xnegative ("is","QRS with significant Q’s","051")

Xnegative ("is","U wave present",6 "065")

xnegative ("is","QRS complex with an escape beat","049")

xnegative ("is","QRS complex with some missing","221")

xXnegative ("is","QRS with R-R’","037")

xnegative ("is","PR interval < 0.12 sec","249")

xillness_is("junctional rhythm","153")
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Xpositive("is" ,"P wave present","0l2")

xXpositive ("is","P wave upright","0le")

xpositive ("is","P wave monophasic","018")

xXpositive ("is","P wave rounded",b"599")

xpositive ("is","P wave amplitude not > 0.3 mv","217")

xpositive ("is","P wave duration not > 0.12 sec.","219")

xpositive ("is","P wave all similar",™014")

xpositive ("is","QRS complex present","032")

xXpositive ("is","T wave present","055")

xpositive ("is","T wave upright","057")

xpositive("is","T wave rounded and assymetrical",™059")

Xpositive("is","ST segment present","081")

xpositive("is","ST segment isoelectric","571")

Xpositive ("is","QT interval present","085")

xpositive ("is","QT > 0.375 R-R but < 0.5 R-R for HR of 65-90
- BPM" ; ll573 1" )

xpositive ("is","R-R between 20 and 40 BPM","511")

xnegative ("is","person using cardiac drugs","010")

xnegative ("is","P wave ahead of the QRS","024")

¥negative ("is","QRS complex duration <= 0.1 sec","565")

x¥negative ("is","QRS with R-R’","037")

xnegative ("is","QRS with significant Q’s","051")

xnegative ("is","U wave present","065")

xillness_is("idioventricular rhythm","169")



BPM","573")

xpositive ("is","P
xpositive ("is","P
Xxpositive("is","P
xpositive ("is","P
xpositive("is","P
xXpositive ("is","P
xXpositive("ig" ,"P

wave present","012")

wave upright",®0le")

wave monophasic","018")

wave rounded","599")

wave amplitude not > 0.3 mv", "217")
wave duration not > 0.12 sec.","219")
wave all similar","014")

xpositive ("is","QRS complex present","032")

Xpositive ("is","T
Xpositive("is","T
Xpositive("is" ,"U
Xpositive("is","T

wave present","055")

wave upright","057")

wave rounded and assymetrical®,"059")

wave present!","065")

wave amplitude > than that of U wave","231")

Xpositive("is","ST segment present","081")

Xpositive ("is","ST segment isoelectric","571")

xpositive ("is","QT interval present","085")
Xpositive("is","QT > 0.375 R-R but < 0.5 R-R for HR of 65-90

14
14
I4
14
14
7
14
14
Xxpositive ("is","T
4
4
4
14
I
7
I
7

xpositive ("is","R-

R between 40 and 100 BPM","513")

Xnegative ("is","person using cardiac drugs","010")

wave ahead of the QRS","024")

xnegative ("is","QRS complex duration <= 0.1 sec'","565")
xnegative ("is","QRS with R-R’","037")
x¥negative ("is","QRS with significant Q’s","051")

I

7
xnegative("is","P

7

4

I

Xnegative ("is","R-

R between 20 and 40 BPM","511")

xillness_is("accelerated idioventricular rhythm","171")

(&



Xpositive("is","P wave present", "012")
xpositive ("is","P wave upright","01le6e")
xpositive ("is","P wave monophasic","018")
Xpositive("is","P wave rounded","599")
xpositive ("is","P wave amplitude not > 0.3 mv","217")
xpositive("is","P wave duration not > 0.12 sec.","219")
xpositive("is","P wave all similar","014")
xpositive ("is","QRS complex present",b"032")
Xpositive("is" ,"T wave present","055")
xpositive("is","T wave upright","057")
xpositive ("is","T wave rounded and assymetrical",b"059")
Xpositive("is" ,"ST segment present","081")
xXpositive("is","ST segment isoelectric","571%)
xpositive ("is","QT interval present",6"085")

" xXpositive ("is","QT > 0.375 R-R but < 0.5 R-R for HR of 65-90

BPMH ’ ll573")

Xpositive("is","R-R > 100 BPM","515")
xnegative ("is","person using cardiac drugs","010")
Xnegative ("is","P wave ahead of the QRS","024")
xnegative ("is","QRS complex duration <= 0.1 sec","565")
xnegative ("is","QRS with R-R’","037")
xnegative ("is","QRS with significant Q’s","051")
xnegative ("is","U wave present","065")
xnegative ("is","R-R between 20 and 40 BPM","511")
xnegative ("is","R-R between 40 and 100 BPM","513")
xillness_ is("ventricular tachycardia","173")

W2



Xpositive("is","P wave present","012")

xpositive ("is","P wave upright","016")

xpositive("is","P wave monophasic","018")

xpositive ("is","P wave rounded",b"599")

xXpositive ("is","P wave amplitude not > 0.3 mv","217")
xXpositive ("is","P wave duration not > 0.12 sec.","219")
Xpositive("is","P wave all similar","014")

xpositive ("is","P wave ahead of the QRS","024")

Xpositive ("is","P wave present in each cycle',"254")
xXpositive ("is","QRS complex present","032")

xXpositive ("is","QRS complex upright","034")

xXpositive ("is","T wave present","055")

xpositive ("is","T wave upright","057")

Xpositive ("is","T wave rounded and assymetrical',"059")
xpositive ("is","U wave present","065")

Xpositive ("is","T wave amplitude > than that of U wave","231")
xXpositive ("is","PR interval present","070")
Xpositive("is","ST segment present","081")
Xpositive("is","ST segment isoelectric","571")

Xpositive ("is","QT interval present","085")
xpositive("is","QT > 0.375 R-R but < 0.5 R-R for HR of 65-90
_ BPM" , 11573||)

Xpositive ("is","rhythm accelerated with sudden on/off","006")
Xpositive("is","R-R > 100 BPM","515")

Xnegative ("is","person using cardiac drugs","010")

¥negative ("is","QRS complex duration <= 0.1 sec","565")
xnegative ("is","QRS with R-R’","037")

xnegative ("is","QRS with significant Q’s","051")

xnegative ("is","PR interval < 0.12 sec","249")

xillness is("paroxysmal ventricular tachycardia®",b™"181")

13



The same condition would have been diagnosed had the
P wave been present and the PR interval had been
abnormal.

Xpositive ("is","QRS complex present","032")
xpositive ("is","T wave present","055")
xpositive ("is","T wave upright","057")
xpositive ("is" ,"T wave rounded and assymetrical",6"059")
xpositive("is","ST segment present","081")
Xpositive("is","ST segment isoelectric","571")
xpositive ("is","QT interval present","085")
. xpositive("is","QT > 0.375 R-R but < 0.5 R-R for HR of 65-90
BPM" ,"573")
: xpositive ("is","QRS complex with fusion beat","043")
Xpositive("is","R-R > 100 BPM",6"515")
xnegative ("is","person using cardiac drugs","010")
Xxnegative ("is","P wave present","012")
xnegative ("is","baseline noisy","509")
xXnegative ("is","baseline chaotic","519")
xXnegative ("is","baseline sinusoidal",b"521")
xnegative ("is","QRS complex duration <= 0.1 sec","565")
xnegative ("is","QRS with R-R’","037")
xnegative ("is","QRS with significant Q’s","051")
xnegative ("is","U wave present" ,"065")
xnegative ("is","rhythm accelerated with sudden on/off","006")
x¥illness_ is("ventricular tachycardia with fusion beat",™"183")

Ll



®

BPM" , l|573 ll)

The same condition would have been diagnosed had the P
wave been present and the PR interval been abnormal.

xpositive ("is","QRS complex present", "032")
xpositive("is","T wave present","055")

xpositive ("is","T wave upright","057")

xpositive ("is","T wave rounded and assymetrical","059")
xpositive("is","ST segment present","081")
xpositive("is","ST segment isoelectric","571")
xpositive("is","QT interval present",6"085")
Xpositive("is","QT > 0.375 R-R but < 0.5 R-R for HR of 65-90

xXpositive("is","QRS complex with capture beat","045")
xpositive ("is","R-R > 100 BPM","515")

xnegative ("is","person using cardiac drugs","010")

xnegative ("is","P wave present","012")

xnegative ("is","baseline noisy","509")

xnegative ("is","baseline chaotic!",6"519")
xnegative ("is", "baseline sinusoidal","521")

xnegative ("is","QRS complex duration <= 0.1 sec","565")
xnegative ("is","QRS with R-R’/","037")

xnegative ("is","QRS with significant Q’s","051")

xXnegative ("is","U wave present","065")

xnegative ("is","rhythm accelerated with sudden on/off","006")
xXnegative ("is","QRS complex with fusion beat","043")
xillness_is("ventricular tachycardia with capture beat","185")

5



xpositive ("is","baseline chaotic","519")

xnegative ("is","person using cardiac drugs","01l0")
Xnegative ("is","P wave present","012")

xXnegative ("is","baseline noisy","509")

xnegative ("is","QRS complex present",b"032")
xillness is("ventricular fibrillation","189")

6



xpositive("is","baseline sinusoidal","521")
xnegat%ve("is",“person using cardiac drugs","010")
xXnegative ("is","P wave present", "012")

Xnegative ("is","baseline noisy","509")

xnegative ("is","baseline chaotic","519")
xpegative("is","QRS complex present","032")
¥illness_ is("ventricular flutter","187")

W47



This condition would have also been diagnosed for the
following cases :

1. QRS complex interpolated.

2. QRS complex with fusion beat.
3. Wave unifocal.

4. Wave multifocal.

5. Wave bigeminous.

6. Wave 1:2 trigeminous.

7. Wave 2:1 trigeminous.

8. Wave 3:1 quadrigeminous.

xpositive("is","P wave present","012")

xpositive("is","P wave upright","01l6")

xXpositive ("is","P wave monophasic","018")

Xpositive("is","P wave rounded","599")

Xpositive("is","P wave amplitude not > 0.3 mv","217")

Xpositive ("is","P wave duration not > 0.12 sec.™","219")

Xpositive("is","P wave all similar","014")

Xpositive("is","P wave ahead of the QRS","024")

Xpositive ("is","P wave present in each cycle","254")

Xpositive ("is","QRS complex present","032")

Xpositive("is","QRS complex upright","034")

Xpositive("is" ,"T wave present","055")

Xpositive("is","T wave upright","057")

Xpositive("is","T wave rounded and assymetrical","059")

Xpositive ("is","PR interval present","070")

Xpositive("is","ST segment present","081")

Xpositive ("is","ST segment isoelectric","571")

xpositive ("is","QT interval present","085")

- Xpositive("is","QT > 0.375 R-R but < 0.5 R-R for HR of 65-90
BPM" , 1157311)

T Xpositive ("is","QRS complex with premature beat","041")

xpositive ("is","P-P equal to R-RY","237M)

xXpositive ("is","P-P with a compensatory pause',b"575")

xnegative ("is","person using cardiac drugs","010")

xnegative ("is","QRS complex duration <= 0.1 sec","565")

Xnegative ("is","QRS with R-R’","037")

Xnegative ("is","QRS with significant Q’s","051")

xnegative ("is","U wave present","065")

Xnegative ("is","PR interval < 0.12 sec'",b"249")

xnegative ("is","rhythm accelerated with sudden on/off","006")

xnegative ("is","QRS complex with fusion beat","043")

xnegative ("is","QRS complex with capture beat!,"045")

xXnegative("is","QRS complex with some missing","221")

xXnegative ("is","QRS complex interpolated","047")

Xnegative ("is","wave unifocal",6"529")

Xnegative ("is","wave multifocal","531")

Xnegative ("is","wave bigeminous","533")

xnegative ("is","wave 1:2 trigeminous",6"535")

xXnegative ("is","wave 2:1 trigeminous","537")

Xnegative ("is","wave 3:1 quadrigeminous",b"539")

Xillness is("premature ventricular contraction™,"179")

(8



xpositive("is","P wave present","012")

xpositive ("is","P wave upright","01l6")
xpositive("is","P wave monophasic","018")
Xpositive("is","P wave rounded",b"599")
xXpositive("is","P wave amplitude not > 0.3 mv",6"217")
xpositive("is","P wave duration not > 0.12 sec.","219")
Xpositive("is","P wave all similar","014")
xpositive("is","P wave ahead of the QRS","024")
Xpositive ("is","P wave present in each cycle®,"254")
xpositive("is","QRS complex present","032")

Xpositive ("is","QRS complex upright","034")

Xpositive ("is","T wave present","055")

xpositive ("is","T wave upright","057")

xpositive ("is","T wave rounded and assymetrical',"059")
xpositive("is","PR interval present","070")
Xpositive("is","PR interval < 0.12 sec","249")
xpositive("is","PR segment a delta wave","517")
Xnegative ("is","person using cardiac drugs","010")
xnegative ("is","QRS complex duration <= 0.1 sec","565")
xnegative("is","QRS with R-R’","037")

xnegative ("is","QRS with significant Q’s","051")
xnegative ("is","U wave present","065")

®¥illness_ is("wolff-parkinson-white syndrome","175")

thq



xpositive ("is","P wave
xpositive ("is" ,"P wave
Xpositive("is","P wave
xpositive("is","P wave
xpositive ("is","P wave
xXpositive("is","P wave

Xpositive("is" ,"P wave
xpositive("is" ,"P wave

present","012")

upright","0le6e")
monophasic","018")
rounded","599")

amplitude not > 0.3 mv", "217")
duration not > 0.12 sec.","219")
all similar™,"014")

ahead of the QRS","024")

present in each cycle™,"254")

Xpositive("is","QRS complex present","032")
xpositive("is","QRS complex upright","034")
xpositive("is","QRS with R-R’","037")

1
I
14
1
14
14
xXpositive("is","P wave
I
17
7
14
4
1

xnegative ("is", "person

using cardiac drugs","010")

xnegative ("is","QRS complex duration <= 0.1 sec","565")
xillness is("bundle branch block","177")

150



T

LAy

Hijig
1
allb
a3 fin T
s3th-gsiatea}lfastdss .,.J_L.
s D T 4
iR R HiH
S HE ey
T
14

3
[ranassli

gt
oa il
=

314
T
&0l

T

[=ey
Jeiedd

Bess]
et et
fross Prees bued

-

.,ixéé

T v
feas

S etelte -

o et

A )
i
It o m. 1 o
IR
! !
1
i Mn.nnvuv ~ o
BRI H
s w.n
Rl
1 H
A i

RHY THM

CULAR

-~
I
-

FIG. (23) - IDIOVENTR

aka ] uagpaa
R
Hf“m ] NI i
HH T THT
H HH T A 413
w..m.. 1“ 71L1u111 4144 1113 m o H
HHIA T T
L . BRRERRY H 1,
4 HA HE FHAATH 5 -t
gaxdafund P
FHE T 31 13 T H
T L
H HTH 1 JHe
HiH PR H T -
H gunsiggs afghithan
i aninjggy 1 e
R A s
H44 4.4 14 13- 444 13 43 -4
i T it
e S H spusiidn
- -
-1 4 3
aanssdtlabfyae inea L

IDIQVENTRICULAR  RUNYTUM

FIG., (347) - ACCELERATED

1 LN
H L
R R T LT
Y 1 M - 114 14
R
U TR TR
HEH R gRnendol
pars
] F R T
3 11 a8
e THTHTE T et
ﬁ. i Hm .r; | et ulu
T H 1 H
§ Exexarad HH
LSRR TIrE
ny AT _Jﬁ et ﬁ m
seadiaty T
T < ‘nfu .;H
‘i -1 {74
H AT H A 4
LE gt S 1
1 rﬂl
spaifiafaEssEsiigs
F ﬂ-.mnx.
.u\‘llvr RN 111
- ] g 111 HHH
Hif s a cH 4
FH R TR
T HEA | ,n..-L- 1
ennuinidlyaaafaatinassiTinzs
anua %..‘.-mn.w L]
e Riniln g RARYSiae “*RARG
T i .ﬁ._-h H
fsess T ]
P L diaggpal
H+-HH H- HR TG T
HIT R T TR
e ads T T »
THHER LR G ER R B
nan adisang LY EAREREEL
sngfuaginnadidgnsxta il H
et H T k rM TW
RNRGH oaa (4521 ky dARRREEE
T T ST I
Hit 3 IMEN
T

VENTRI[CULAR TACHYCARDIA

TG, (35) -

I51



I ittt
RS ST
e fuids

He HEdE
e ,
pe 1

FIG., (26) — WOLFF-PARKINSON- WHITE SYNDROME

:'““}‘\ T bdowe
T ae =
- ; ! ‘l L2 bk g
e e =
Sy g wes e
e sasiy Plveny
- o b i
-] H i1
O N Ig_"'ﬁ—;"_
e e s
puradx gaaal =
Pl mendt ik m et [
=it =
et P g -y
pu v te T =t

FIG. (37) - BUNDLE BRANCH BlLoCk

P
S O S 7l O I O T I A O P R e B
) 4 ' ~ t .I’ ! o 3 . b j:;“.
= - ity H N . 1t -
—i- | I N - 1! 1
b IANAT AN T b o N A AL AL
4',‘ VATERE / 5 /IR S S Y Y B T T B X% - S
¥ KAVAIJ T l, T 1 ¥ = [ s
- T S T O R R S IR LS o A St B B e

F16. (3g) — PREMATURE VENTRICULAR CONTRALTION

S22



- T ruww
- Lo ! 43 H ;
s 11 Y 1T T it |
o4 t I — =
n
- T rrf 1
+Hy L H+
T [=8ag! ! >
T mams T - :
T T } T
_q._._. o f i W3 T
- iy + 1 1 X
\ s bl A il X 1%
pey Iy W marg e == r T Y
H 1 T Y § N A
= )“—*’“*—""‘r‘ e ral iy You By Eonta S pamtaaun: e -fi 3 cHAY Ees: |
ra t
1 W wus e ~ - i~ S ‘'
= bn eu ¢ 1T -1 n an.
i,. .I ! 3 k1 X § x 30 .| ¥ ¥, 1 b L3
o Liesd T B Trptsiw 'F J o
4 o T q ar] = t 1
[ i i | t u ¥ 4 o bl Ao e + e 49 i T
ERlip S g * SgeonyEew e Ry Sy spas aeaysangy b =t v
A roa bas [ B plers - B HH
ey IELp = = o ingieeylagianglasala !
o pappdon ey ey S e nasansn A aak aos nal T
ioem hy i e - + T o T
_‘";i b t e T s ) 1t
THTIETT : T 1 e T T
1 T H TITTLT o yay

FiG. (29) - VENTRICULAR FIBRILLATION

=
<
-
<\
<]
[ —
-y
L]
-,
g
r—
Lot

]

| i P S O O O O O

FIG. (40) - VENTRICULAR FLUTTER

153




Xpositive("is","P wave present","012")
xpositive("is","P wave upright","016")
xpos?tive(“is","P wave monophasic","018")
,xpos;tive("is","P wave rounded",'599")
xpos%tive("is","QRS complex present",™"032")
‘xpos;tive("is","QRS complex duration <= 0.1 sec","565")
Xpositive("is","P wave all similar","014")
}pos%tive("is","T wave present","055")
xpos;t%ve("is","T wave upright","057")
vxpos%t%ve("is","T wave rounded and assymetrical®,"059")
xpOS}tlve("is","ST segment present","081")
'xpos;tive("is","ST segment isoelectric","571")
Xpositive("is","QT interval present","085")
1
14
7
I
7
14
7
14
14
14
7
14

L

‘Xpositive("is" "OT > 0.375 R-R but < 0.5 R-R for HR of 65-90 BPM","573'")
Xpositive ("is","P wave ahead of the QRS","024")
Xpositive("is","QRS complex upright","034")

xpositive ("is","QRS complex all similar","039")
Xpositive("is","PR interval present","070")

xnegative ("is","person using cardiac drugs","010")
¥negative ("is","P wave amplitude not > 0.3 mv","217")
xXnegative ("is","QRS with significant Q’s","051")
.Xnegative ("is" ,"U wave present","065")

¥negative ("is","QRS complex with some missing","221"%)
xnegative ("is","QRS with R-R’","037"%)
xnegative("is","QRS complex with an escape beat","049")
¥negative ("is","PR interval < 0.12 sec",b"249")
xillness_is("biatrial enlargement","195")
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xXpositi nign m

XgOSitizzgﬂiz"'ng xgve pre§entn,n012n)

xpositive("iS“’"P Waze uprlght"{"016")

XPOSitive("isn'"P v e monophasic","018")

Xpositive(uis"'"QRSave rounded", "599")

Xpositive ( nign /4 "QRS ggmpiex preSeI:It" , ng32 n)

Xpositive("isn'up Wavemplex Quyatlon <= 0.1 sec","565")

XPOSitive("iS":"T wave ;részggﬁ1§5252014")

xpositive("is"," . Y )

Xpositive E ni:" : ,,E, x:z: Eprlght" ,"057")

xpositive("is", "ST Segmegznded and"assymetrical","059")

xpositive("is","ST segment PreSent ,?081")

xpositive ("is" ’ "oT in isoelectric","571")

; xpositive ("is","QT > oerval present","085")

BEM" , "573") ’ .375 R-R but < 0.5 R-R for HR of 65-90

: xpositive("is", "
XPOSitive E "iz" ’ "gRVS\Ia\éima]iead of . the QRS","024")
Xpositive ( nign 7 "QRS complex UPrlgI']_t'.' , 034 u)
XPOSitiVe("isH’nPR int pleX all Slmllarl"llo39|t)
XnegatiVQ ( iy r "personerva'.l preser}t" M 070||)
Xnegative("is":np wave g;lgg cardiac drugs","010")
xnegative ("is","QRS with g_lt?d§ not > 0.3 mv","217")
xnegative ("is","U wave ignificant Qfst,"051%)
Xnegative(llisn’ MORS presen-[.;", "065")
Xnegative("isn'nQRs Wgﬁﬁlex Vﬁth some missing","221")
xnegative ("is" : WORS com lR—R ', M037")
xnegative("is", "PR interval zlghlgn escape beath,1049")
xillness is("biatrial enlargemeﬂt",ﬁig5ﬁ;249")
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xXpositive ("is"
XPOSitiVe g "i:" ’ ::g wave pre§entll ’ "012")
xpositiVe(nis"r“P wave upright","0ole")
XpOSitive("iSu’uQRgave monophasic","018")
XpOSitiVe("isn'uQRs gomplex pbresent","032")
XpositiVe(lliSn’ "D g, Omplex (?.Lu::atlon <= 0.1 sech "565")
XpOSitive("iS" 4 “T ve all Slmllar" ' "014") 14
XpOSitiVe ( "is" 7 n wave pre§ent" ’ ll055")
XpOSitiVe(nis"’"T xgzz upright","057")
xpositive ("is","ST se rounded and assymetrical,"059")
XpOSitiVe ( nign ! neT s gment Present" , "081") !
XPOSitive("isu'nQT _e%ment isoelectric®,"571")

g xpositive(uisu'"QT inoeggglRPresent","ossn)

1 r - -—
BPM", 57;;2 e R but < 0.5 R-R for HR of 65-90
sitililve "iS" "
XpositiveE"iS","gRgaVe ahead of the QRS","024")
xpositiVe("iS"'"QRS complex upright","034")
XPOSitive("isn'uPR .cgmplex all similar","039")
XPOSitive ( nyan ’ np W;\I;ee;za]]é gﬁ'esent" , " 070")
xnegative "is"’n ake :"545")
imegative ("ion ! np wave rounaear,msosny ool
xnegative(M"igh nae ,'599M)
XnegatiVegnizu’:gRgaV? fla?tened","751n)
Xnegativ@(nisu'"U WagétgrSlgniFicant Q’s", 1051M)
xnegatj_ve P ! " esen 'l "065")
Xnegativegnizn'ngRgaZe sawtoothed", "557")
Xnegative ( nign ! "ORS c.)IQpleX with some missing" , ll221")
Xnegative("is" I4 nORS Zl h R-R? |.| , "037")
Xneqative("isn'nPR ingmplex with an escape beat","049")
xnegative ("ig", "p anee;Zilh<d8'12 sech,"249M)
xillness is(" 3 . ched","541")
_is("right atrial enlargement",b"193")
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Xpositive("is'
XgOsitivgguin':P wave present","012")
XPOSitive("isu'ng wave upright","016")
XpOSitiVe("iS"l" Rwave mOnOphasic"’lIOlSH)
Xpositive(uisu'ngRg gomplex present","032")
XpositiVe("iS":"P Wavgmgi-ixs:?;?itlen' <= 0.1 Sec"l "565")
xpositive("is"® ilar","0l4™)
XEOSitinEnizn r ::g wave pregent", ll055||)
xpositive(uis"'"T ¥ZVe upright","057")
e o rar megueoinoed 20, eaymatrionl, 10501)
xXpositive("is"," > sent","081")
XPOSitiveE"izﬂlnsg segment isoelectric","571")
' Xpositive("isu’"gT ingegval present",n085")
BPM", "573") ! .375 R-R but < 0.5 R-R for HR of 65-90
Xpositive("is", "
Xpositiveg"izu'"gRgave ahead of the QRS",1024%)
xpositive ("is", "QRS complex upright","034")
XPOSitive("is"’uPR .complex all similar","039")
XpositiVe(uiS"’"P interval present","070")
xnegative("isll ’ " wave n0'l.:ched" ,"541M)
oot lve tion 1o wave rommdean azogny on  or0h)
. . 4 e 59g9n
xnegat n 1 r )
Xnegatizzguin,xP wave flattened",K"751")
xnegative(niS"lngRS with significant Q’s","051")
Xnegatin(niS"’"P wave present" "065")
Xnegative(nisn’"QRgave sawtoothed","557")
c i el
xnegative ("is", "ORS W;ﬂﬁlex with some missing","221")
xXnegative ("is" ’ RS co lR—R ot "o37M)
Xnegative("isu'upR N tmp ex with an escape beatﬁ,"o49n)
xillness is("l’ft n.erval < 0.12 sec","249")
- e atrial enlargement",¥191"M)

{57



xpositive("ig"

Xpositiveg"iznlxg xave pre§ent"’n012n)

XpOSitive(niS" ’ np Wave uprlght" , "016")

XpOSitiVe ( "isll ! "P ave monophasic" 7 "018 ")

XpOSitiVe (" ign 7 np x:ve rOU.n(?,ed" ,"599M)

XPositiVe("is“'"QRs ve amplitude not > 0.3 mv","217%)

xpositive ("is", "ORS complex present","032") !

xpositive(nis“:"P - complex qu;ation <= 0.1 sec" "565M"
xpositi wian ave all similar","014" ! )
ve("is" ,"T wave d )

xpositive ("is","T wa Pregent",uo55")

XpOSitive ( nign 4 up Wave U.prlght" ’ "057||)

XPOSitive("isu'nST ve rounded and assymetrical","059"

Xpositive("is"'"ST segment present","081") ’ )

xpositive(uis"'"QT ?egment isoelectric","571")

, XpositiVe("is"'"QT >noegval present","085")

BPM", "573") ! .375 R-R but < 0.5 R-R for HR of 65-9
xXpositive("is","P wave ah °
Xpositive(nisu'uQRS e ahead of the QRS","024")
XpOSitiVe("iSn’nQRs omplex upright”,"034")
Xpositive("is"’uPR _cgmplex all similar","039")
Xnegative("is"’“perég ervgl present","070")
XnegatiVe(uisn’"P Wavg gSlng.Cardlac drugs","010")
Xnegative("is"'nQRS W.thurgtlgn.not > 0.12 sec."m M"2i9n
XnegatiVe(uis"'"U 1 significant len’"051")’ )
XnegatiVe(niS"'"QRgaVe presen?u,u065n)
xnegatiVe(uiS"'“ = c?mplex with some missing","221"
Xnegative("isn 7 l'gRg with R-R’ |.l ,"037") Y )
xnegative ("is", "PR iczmplex with an escape beat","049"
illness iS(“léft tn_erval < 0.12 sec","249") ! )

- atrial enlargementn’nlgl")
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xXpositive("is" "
Xpositivegnizu'ni x:Ve present","012")
xpositive(uis"'"P WaVe uprlghtn{n016")
xpositive ("is", "p waze monophasic","018")
XPOSitive (nign ’ np Wave roum?.ed" ,"599M)
Xpositive(llisulnp Wav2 gmpll't.:Ude not > 0.3 mvt, "o217n
xpositive("is","P wave uration not > 0.12 sec. " "21é"
XPOSitive("is"’nP i all similar"™,"014") ' )
XpositiVe("iS"'"P Wavz ahead of.the QRS™,"024")
XPOSitiVe("isn:uQRS compli'esent in each cycle","254")
xpositive("is", "ORS complex present®, 1032%) '
xpositive ("is","QRS co plex upright", "034%)
Xpositive ("is" "ORS COmplex duration <= 0.1 sec",K "565"
xpositive ("is","T Wavemplex all similar","039") ! )
Xpositive("is"’"T wav present®,"055")
XpOSitiVe("isn’“T Wave upright","057")
Xpositive(uisn:nT Wav: riundgd.and assymetrical","059"
XPOSitive(llisn,"T wave (ai 1 SJ_.mllar"’lIOGJ_") ’ )
Xpositive("iS","T wave ura..tlon <= 0.2 sec." I|233")
xXpositive("is","PR int APl tude < rog iy 4229")
Xpositive("is"’npR interval presentn,n070")’
XPOSitive("is"'npR . erval constant","072")
XPOSitive("is"’upR Segment present","077")
XPOSitive("is"'nsT Segment isoelectric","569")
xpositiVe("iS"'"ST Segment present","081")
Xnegative(nisn'"persogmenF elevated" , "555")
Xnegative("is":"QRs Cn using ?ardiac drugs","010")
xnegative ("is","QRS quplex with some missiﬂgn nHooqm
xnegative("isn'"QRs w}th R-R’","037") ’ )
Xnegative("isu’nU Wavl h significant Q’s","051")
xnegative ( "is" ! "PR in: present" 7 "065")
xnegative(nisu'uPR interval < 0.12 sec","249")
Xnegative("is"'nsT e erval > 0.2 sec","251")
Xpegative(nisn'nST = gment isoelectric","571")
XlllneSS_is("iéchemi:gmen? depressed", "553")

or injury or infarction","703")
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iggiigi;zg:iz:,:g wave present", "012")
xpositive ("is" ! np xaVe upright" 1 "oleM)
XpOSitiVe("isu’uP ane monophasic","018")
XpOSitive ( nign r np Wave rounc'ied" ' 1599 ||)
e ivisn TE e LI et % M
iti i .12 sec.", "
iggzizizz g ::iz:: ’ ::g wave all similar","014") L1219
P oeitive(nion 1D wave oresont in cach cyclan i
XpositiVe(uiS"'"QRSazs Piesent in each cycle!","254")
XPOSitiVe ( nigm ’ "ORS mpiex pre§ent" ,"032 n)
XpOSitin("iSn’nQRS complex uprlgbt","034")
xpositive("is","QRS ggﬂpiex duration <= 0.1 sec","565")
xpositive ("is", "T wave plex al% similar","039")
XPOSitive("isH’uT W pre§ent »"055M)
Xpositive(niS"'"T WaVe upright","0o57")
Xpositive ("is" ! nm sze roundgd ] and assymetrical","059")
xpositive("is" ! D vn e gll s:!_ml]_ar" ,"061M)
XpOSitiVe ( nign 7 tp Waze ura‘Flon <= 0.2 sec. .M , 1333 ||)
XPOSitiVe ( Myt ’ "R ini amplltude <= 0.5 mv", 11229")
XpositiVe(niS"'“PR i terval present","070")
xpositive ("is", "PR nterval constant","072")
xpositive(nis"'"PR segment presentn,?077")
XpositiVe(niS"r"ST segment isoelectric","569")
XpOSitive("is"’nST segment present","081")
Xnegative("is"’" erzegmen? depressed","553")
Xnegative ("is" : "gRS ggm;iéggwii]ﬁd;ac drl:lgs" ,"010")

: e - ome missing"," "
megstive (vian vORs with onr nosrn) T MY
Xnegative("is"'nU s with significant Q’s","051")
XnegatiVe ( nign ! n"pR a,'vi present" ’ "065")
Xnegative(niS"I"PR interval < 0.12 sec","m249M)
XnegatiVe ( nign Y g Sn erval i > 0.2 secl;ll ,"251")

: xXillness is("Véntricegment isoelectric","571M)
infarction","701") - ular enlargement or ischemia or injury or

~
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xpositive("is","P wave present","01l2")

xpositive ("is","P wave upright","0le")

xpositive("is","P wave monophasic",b"018")

xpositive("is","P wave rounded","599")

xpositive ("is","P wave amplitude not > 0.3 mv",6"217")

xpositive("is","P wave duration not > 0.12 sec.","219")

xpositive ("is","P wave all similar","014")

xpositive("is","P wave ahead of the QRS","024")

xpositive("is","P wave present in each cycle",6"254")

xpositive ("is","QRS complex present","032")

xpositive ("is","QRS complex upright","034")

xpositive ("is","QRS complex duration <= 0.1 sec", "565")

xpositive("is","QRS complex all similar","039")

xpositive("is","T wave present”,"055")

xnegative ("is","person using cardiac drugs","010")

xnegative ("is","QRS complex with some missing","221")

xnegative ("is","QRS with R-R’","037")

xnegative ("is","QRS with significant Q’s","051")

¥negative ("is","T wave upright","057")

xillness_ is("ventricular enlargement or ischemia or injury or
infarction","701")
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xpositive("is","P
Xpositive("is","P
xpositive("is","P
Xpositive("is","P
xXpositive ("is","P
Xpositive("is" ,"P
Xpositive("is","P
xpositive ("is" , "P

Xpositive("is", "QRS
xpositive ("is","QRS
xpositive("is","QRS
Xpositive("is","QRS
xpositive("is","QRS

wave
wave
wave
wave
wave
wave
wave
wave
wave

present", "012")

upright","016")
monophasic","018")
rounded","599")

amplitude not > 0.3 mv", "217")
duration not > 0.12 sec.","219")
all similar"™,™014")

ahead of the QRS","024")

present in each cycle'",6"254")

complex present","032")

complex upright","034")

complex duration <= 0.1 sec","565")
complex all similar","039")

with significant Q’s","051")

xnegative ("is","person using cardiac drugs","010")
xnegative ("is","QRS complex with some missing",6"221")
xXnegative ("is","QRS with R-R’", "037")

xillness is("infarction","203")

4
14
I
4
I
4
4
'
xXpositive ("is","P
I
7
17
7
7
14
7
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FIG., (41 — LEFT ATRIAL ENLARGEMENT

FIG. (42) - RIGWT ATRIAL ENLARGEMENT
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FIG. (43) - MYOCARDIAL INFARCTION
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BPM","901")

_ BPMM,"573M)

BPM"’ "900")

xpositive("is","P wave present","012")
xpositive("is","P wave upright","01l6")
xpositive("is","P wave monophasic","018")
xXpositive("is" ,"P wave rounded","599")
xXpositive("is","P wave amplitude not > 0.3 mv", "217")
xpositive("is","P wave duration not > 0.12 sec.","219")
xpositive("is","P wave all similar","014")
Xpositive("is","P wave ahead of the QRS","024")
xpositive("is","P wave present in each cycle',b"254")
xXpositive ("is","QRS complex present","032")
xpositive("is","QRS complex upright",b"034")

xpositive ("is","QRS complex duration <= 0.1 sec",b"565")
xpositive ("is","QRS complex all similar","039")

xpositive ("is","T wave upright","057")
xpositive("ig","T wave rounded and assymetrical",6'"059")
xpositive ("is","T wave all similar®,™o061")

xXpositive ("is","T wave duration <= 0.2 sec.","233")
Xpositive ("is","T wave amplitude <= 0.5 mVv", 6 "229")

Xpositive ("is","PR
xpositive("is","PR
xpositive("is","PR
Xpositive("is","PR
xpositive("is","ST
xpositive("is","ST
Xpositive("is","QT
xpositive("is","QT

I
I
4
7
7
14
I
14
I
14
I
14
14
Xpositive ("is" ,"T wave present","055")
7
I
'
14
4
7
1
I
7
I
14
7
14

interval present","070")

interval constant","072")

segment present","077M)

segment isoelectric™","569")

segment present!","081"M)

segment isoelectric™","571")

interval present",'085")

< 0.375 R-R for heartrate between 65-90

xnegative ("is","person using cardiac drugs","01l0")
xnegative ("is","QRS complex with some missing",b"221")
xXnegative ("is","QRS with R-R’","037")

xnegative ("is","QRS with significant Q’s","051")
xnegative ("is","U wave present","065")
4
14
14

xnegative ("is","PR
xXnegative ("is","PR
xXnegative ("is","QT

xnegative ("is", "QT

interval < 0.12 sec","249"M)
interval > 0.2 sec","251")

> 0.375 R-R but < 0.5 R-R for HR of 65-90

> 0.5 R-R for heartrate between 65-90

xillness is("hypercalcemia","207")
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xpositive("is","P wave present","012")
xpositive("is","P wave upright","016")
xpositive("is","P wave monophasic","018")
xXpositive("is","P wave rounded",b"599")
xpositive("is","P wave amplitude not > 0.3 mv",6 "217")
Xpositive("is","P wave duration not > 0.12 sec.","219")
xpositive ("is","P wave all similar","014")
Xpositive("is","P wave ahead of the QRS","024")
xpositive ("is","P wave present in each cycle","254")
Xpositive("is","QRS complex present","032")
xpositive("is","QRS complex upright",h"034")
xpositive("is","QRS complex duration <= 0.1 sec","565")
xpositive("is","QRS complex all similar","039")
xXpositive ("is","T wave present","055")
xpositive ("is","T wave upright","057")
xpositive("is","T wave rounded and assymetrical","059")
xpositive ("is","T wave all similar","061")
xXpositive ("is","T wave duration <= 0.2 sec.","233")
xXpositive ("is","T wave amplitude <= 0.5 mVv",6"229")
xpositive("is","PR interval present","070")
Xpositive("is","PR interval constant","072")
xpositive("is","PR segment present","077")
xpositive("is","PR segment isoelectric","569")
Xpositive("is","ST segment present","081")
xpositive("is","ST segment isoelectric","571")
xpositive ("is","QT interval present","085")
xXpositive ("is","QT > 0.5 R-R for heartrate between 65-90
BPM","900")

Xnegative ("is","person using cardiac drugs","010")

xnegative ("is","QRS complex with some missing",™221")

xnegative ("is","QRS with R-R’","037")

xnegative ("is","QRS with significant Q’s","051")

xnegative ("is","U wave present","065")

xnegative ("is","PR interval < 0.12 sec","249")

xnegative ("is","PR interval > 0.2 sec","251")

xnegative ("is","QT > 0.375 R-R but < 0.5 R-R for HR of 65-90
. .BPM","573")

xillness is("hypocalcemia®,b205")
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xpositive("is","P
Xpositive("is","P
Xpositive("is","P
Xxpositive("is","P
Xpositive("is","P
xXpositive ("is","P
xpositive("is","P
Xpositive ("is","P
xXpositive ("is","P

wave
wave
wave
wave
wave
wave
wave
wave
wave

present","012")

upright","01le")
monophasic",018")

rounded" ,"599")

amplitude not > 0.3 mv","217")
duration not > 0.12 sec.","219")
all similar™,"014")

ahead of the QRS","024")

present in each cycle", '254")

xpositive ("is","QRS complex present","032")
xpositive ("is","QRS complex upright",6"034")
xpositive ("is","QRS complex duration <= 0.1 sec","565")

Xpositive ("is" "T
Xpositive("is","T
Xpositive ("is" ,"T
xpositive("is" "T
xpositive("is" , "T
xpositive("is" "T
Xpositive("is" ,"U
Xpositive("is" ,"U

wave
wave
wave
wave
wave
wave
wave
wave

xXnegative ("is","person
xnegative ("is","QRS complex with some missing","221")
xXnegative ("is","QRS with R-R’","037")

Xnegative ("is","QRS with significant Q’s","051")

"QRS complex all similar","039")

present","055")

upright","057")

rounded and assymetrical',"059%)
all similar","061")

duration <= 0.2 sec.","233")
amplitude <= 0.5 mvV","229")
present", "065")

upright and similar","067")
using cardiac drugs","010")

I
14
14
I
14
14
14
14
14
7
14
7
Xpositive("is",
14
14
7
4
14
4
14
14
I
14
14
14
14

xnegative ("is","T wave amplitude > than that of U wave",6"231")
Xnegative ("is","U wave amplitude < that of T wave",6"235"%)
xillness is("hypokalemia","209")
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xXpositive ("is","

xpositive("is","P Wazg e elcn noy
xpositive("is","P wa e isaomy )
xpositive("is"’“P Wave roun@edn,u599")
e e Jave alla ion not > 0.12 sec.","219")
Xpositive("is","P wav S b ongn 4
xpositive("is":"P wavz e of.the R evoton |

D eitiveinion’ nORS COmpnl:'esent in each cycle", "254")
xpositive ("is","QRS compleX pre§ent","032")
xpositive("is":"QRS complex R dion e o]

D itive(nicn’ voms complex durat}op <= 0.1 sec","565")
Xpositive ("is","T wave grzzeii% ﬁégéi?r“’"039")
xpositive("is"," i .

xpositiveg"i:":"g xgzg Eziéggsnﬁ;ggzy)

Xnegative ("is", " i 4
xnegativeg"i:":“gzgsggmuilng ?ardiac e hn az)
xnegative ("is", "QRS witg Ef w%th Sons missingt,taaih)
xnegative("is"’"QRS with onibioont

xpegative("is":"T wave roi;gnéflcant Y meirioall
x1llness_is(“hyperkalemia","(zallﬁ?d assynetricalt, nos9m)
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Xpositive("is","P wave present","012")
xpositive("is","P wave upright","0l6")
xpositive("is","P wave monophasic","018")
Xpositive ("is","P wave flattened","751")

xnegative ("is","person using cardiac drugs","010")
xnegative ("is" ,"P wave rounded",6 "599")

xillness is("hyperkalemia®,b"211")
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,BPM","900")

< .BPM","573")

’BPMII, n901n)

xpositive ("is","person using cardiac drugs","010")

xpositive("is","P
Xpositive("is","P
xXpositive("is","P
Xpositive("is" ,"T

xpositive ("is" "T

wave present®, "012")
wave rounded","599")
wave duration not > 0.12 sec.","219")
wave present", "055")
wave upright","0o57")
wave rounded and assymetrical","059")

Xpositive("is","ST segment present","081")
xpositive("is","ST segment isoelectric","571")
xXpositive("is","QRS complex present","032")
Xxpositive("is","QT interval present","085")

xpositive ("is","QT > 0.5 R-R for heartrate between 65-90

I
14
I
I
7
Xpositive("is" ,"T
14
I
4
14
I
I

xnegative ("is","U

wave present","065")

xnegative ("is","QT > 0.375 R-R but < 0.5 R-R for HR of 65-90

Xnegative ("is","QT < 0.375 R-R for heartrate between 65-90

Xillness_ is("effect of quinidine/propranolol", "215")
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xpositive("is","person using cardiac drugs","010")

Xpositive("is","P wave present", "01l2")

Xpositive("is","P wave rounded","599")

Xpositive("is","P wave duration not > 0.12 sec.%,"219")

Xpositive("is","T wave present",6"055")

xpositive("is","T wave upright","057")

xXpositive ("is","T wave rounded and assymetrical',"059")

Xpositive("is","ST segment present","081")

xXpositive("is","ST segment isoelectric","571")

Xpositive("is","QRS complex present","032")

xpositive("is","QT interval present","085")

Xpositive("is","QT < 0.375 R-R for heartrate between 65-90
BPM","901")

Xnegative ("is","U wave present","065")

xnegative ("is" ,"QT > 0.375 R-R but < 0.5 R-R for HR of 65-90
-.BPM" ,"573")

xillness_is("effect of digitalis","213")
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xpositive ("is","person using cardiac drugs","010")

xpositive("is","P
Xpositive ("is","P
xpositive ("is", "P
xpositive ("is" "T

xpositive("is","T

wave present","0l2")
wave rounded","599")
wave duration not > 0.12 sec.","219")
wave present","055")
wave upright","057")
wave rounded and assymetrical","059")

xpositive("is","ST segment present","081")
xpositive("is","ST segment sagging","752")

14
14
7
4
. . . !

xpositive("is" ,"T
14
4
. . ’

xnegative ("is" ,"U
7

wave present","065")

xnegative ("is","ST segment isoelectric","571")
xnegative("is","ST segment depressed",'"553")
xillness is("effect of digitalis","213")
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xpositive("is","person using cardiac drugs","010")
xpositive("is","P wave present","0l2")
Xxpositive("is","P wave rounded",b"599")
xXpositive("is","P wave duration not > 0.12 sec.", "219")
Xxpositive("is","T wave present",6"055")
xpositive("is","T wave upright","057")
xpositive("is","T wave rounded and assymetrical","059")
xpositive ("is","ST segment present","081")

xXpositive ("is","ST segment depressed","553")

xnegative ("is","U wave present","065")

xnegative ("is","ST segment isoelectric","571")
xillness_ is("effect of quinidine/propranolol™,6™"215")
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xpositive("is"," i i
P ("is person using cardiac drugs","010")

xpositive("is":"P
Xpositive("is","P
Xpositive("is","P
xpositive ("ish,"T
xpositive ("is" , "T
xpositive ("is", "T
xpositive("is","U
xnegative ("is" ,"T

wave present","012")

wave rounded","599")

wave duration not > 0.12 sec.","219")

wave present","055")

wave upright","057")

wave rounded and assymetrical',™059")

wave present","065") '

wave amplitude > than that of U wave®,"231")

xill ] inidi
ness_is("effect of quinidine/propranolol", "215")

173



xpositive ("is","person

14
xpositive ("is","P
xpositive("is","P
xpositive("is","P
xpositive("is","T
Xpositive("is","T
xXpositive("is", "T
xnegative ("is" "T

wave
wave
wave
wave
wave
wave
wave

Xillness_is("effect of

using cardiac drugs","010")
present" ,"012")

rounded","599")

duration not > 0.12 sec.%,"219")
present" ,"055")

upright","057")

notched", "755")

rounded and assymetrical","059")
quinidine/propranolol","215")

(7 4



Xpositive ("is", "person
xpositive ("is","P wave
xpositive ("is","P wave
Xpositive ("is","P wave
Xpositive ("is","T wave
Xnegative ("is" ,"T wave
xXillness_is("effect of

using cardiac drugs","01l0")
present","012")

rounded", "599")

duration not > 0.12 sec.","219")
present"” , "055")

upright","057")
quinindine/propranolol™ , "215")
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x¥positive ("is","person using cardiac drugs","010")
¥positive("is","P wave present","012")

x¥positive ("is","P wave rounded","599")

xnegative ("is","P wave duration not > 0.12 sec.","219")
xillness_is("effect of quinidine/propranolol', "215")
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xXpositive ("is","person using cardiac drugs","010")
xXpositive("is","P wave present","012")

xpositive ("is","P wave notched",b"541")
xpegative("is","P wave rounded","599")

xillness is("effect of quinidine/propranolol™,"215")
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Hypercalcemia Hypocalcemia

SR

QT shortens QT lengthens

FIG. (44) — HYPERCALCEMIA AND HYPOCALCEMIA

I

Digitalis effect

FIG. (45) - EFFECT OF DIGITALIS

Hypokalemia
Hyperkalemia

Serum K+ (mEg/L) T, Serum K+ (mEg/L)

U
A _.,\/\/_/\P 4.0 (normal) A -~  40(normal)
B /\j\ 6.0

30

8.0

FIG. (46) - HYPERKALEMIA AND HYPOKALEMIA

178



Appendix D

Flow Charts

Presented in this appendix are flow charts that present the operations in

the EKGCHALLENGER in a block diagram format.
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THE
EKGCHALLENGER

TUTORIAL
MODE

CHALLENGER }

MoDE

EXPERT SYSTEM
MODE

MOPBE

LEARNING PRELIMINARY
MODE | DIAGNOSTIC

FIG. C47)— MODES OF OPERATION OF THE
EKGCHALLENGER
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