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FOREWORD

This manual, entitled Electrocardiography, is one of a series of protocols
and manuals of operation for the Atherosclerosis Risk in Communities (ARIC)
Study. The complexity of the ARIC Study requires that a sizeable number of
procedures be described, thus this rather extensive list of materials has
been organized into the set of manuals listed below. Manual 1 provides the
background, organization, and general objectives of the ARIC Study.

Manuals 2 and 3 describe the operation of the Cohort and Surveillance
Components of the study. Detailed Manuals of Operation for specific
procedures, including those of reading centers and central laboratories,
make up Manuals 4 through 11. Manual 12 on Quality Assurance contains a
general description of the study's approach to quality assurance as well as
the details for quality assurance for the different study procedures.

The version status of each manual is printed on the title sheet. The first
edition of each manual is Version 1.0. Subsequent modifications of
Version 1 (pages updated, pages added, or pages deleted) are indicated as
Versions 1.1, 1.2, and so on, and are described in detail in the Revision
Log located immediately after the title page. When revisions are
substantial enough to require a new printing of the manual, the version
number will be updated (e.g., Version 2.0) on the title page.

ARIC Study Protocols and Manuals of Operation

MANUAL TITLE
1 General Description and Study Management
2 Cohort Component Procedures
3 Surveillance Component Procedures
4 Pulmonary Function Assessment
5 Electrocardiography
6 Ultrasound Assessment

a. Ultrasound Scanning
b. Ultrasound B-mode Image Reading Protocol

7 Blood Collection and Processing

8 Lipid and Lipoprotein Determinations

9 Hemostasis Determinations

10 Clinical Chemistry Determinations

11 Sitting Blood Pressure and Postural Changes in

Blood Pressure and Heart Rate

12 Quality Assurance and Quality Control

ARIC PROTOCOL 5. Electrocardiography VERSION 1.0, August, 3787



Manual 5. Electrocardiography

TABLE OF CONTENTS

Preface......... eecscssecascsesscecenssssrsosaserenscsastnnnnanserenna .-
1. Baseline ECGS...ccceecccncenccccsannnsscccracsacscnacsessnsnsnsnnns
1.1 Introduction...c.eiientiiieienersossssesnosnnosssnsassesaaces
1.2 Procedures for Recording Baseline and
2-Minute Rhythm Strip ECGS..sveiesrvereosvensssssssssnaccosona
1.3 Electrode Position Measuring and Marking......ceeevevacnceans
1.4 Skin PreparationN....iceeeeeseceacscsesosssonsnscsscassosssansas
1.5 Application of ElectrodeS.....cvveeeceeeccnorosasconsscsavnns
1.6 Recording the 12-Lead ECG..i.viveeeriennneveroocoosonnsoncnns
1.7 Taking the 2-Minute Rhythm Strip.....c.cvveeienererioccssanans
1.8 Fault Detection ProceduresS.......cceesenncesenscssccnsscannss
1.9 Self-Evaluation of Technical Performance.........c.veeveuennns
1.10 Original Hard Copy Record@.......ccvieeeerocroenscssnnsascanns
1.11 Transmission, Confirmation and Deletion........c.cciveueenennns
2. Central ECG Reading Baseline ECGS.....cvcecccsncccacccsssncncacans
2.1 Resting 12-Lead ECG...... s ecetesentcasssesassssssnnasscannns
2.2 Two-Minute Rhythm Strip...cveeeirerieriescsesncccsnssccnccnns
2.3 Visit TWO ECGS...euicteiresrontesosssssasscnnesssasssssasnsnsns
2.4 Hospital ECGS for CoOhOrt.iiverieeeaeieenerervesossonsnsssnnnss
2.5 Community Surveillance ECGS...eeveiseeececesnsccasanssnscasas
3. Quality Control.....cceeciecconccccacccncassnscsencscosnsscennsnns
3.1 The 12-Lead ECG............ e et s e ecasecctassessssatsnncnnanns
3.2 The 2-Minute Rhythm Strip....ccveeereinenrecenccccsnncsocnos
3.3 Cohort Hospital ECGS...ccuvveerrnenrsenncssnensscasencosanas
3.4 Surveillance Hospital ECGs..... Ceesecsrecsatetonsenssstasnnn
.3.5 Data Acquisition...c.eieiriiieriiecennncsceantrassnanssananes
3.6 Training and Certification.....eeeeiecrineernnnacecsascnnnes
4. ReferenceS.....c.c.cieieciiecensessncscanscsssscsscsansssccssannas
5. APPendiceS..ciccicenietcatcncccctcsscsccttseccnccccccaacanansnane A-
A Marquette MAC PC SetuUp...cieeeeeseesrocacecesennnsannnonssnnss A-
B MAC PC Entry Information Needed for Each Participant.......... A-
C TFigure 11. Typical Electrocardiogram Using MAC PC....ivevannne A-
D Two Minute Rhythm Strips Must be Folded in This Manner........ A-
E Minnesota Code 1982.....iititiiereneneecreensscaanoscnosancsns A-
F Performance Grade Levels.......cciveireeeronencocnnssaasonanss A-
G Data Record....cveessseenessscecaronssasscsssossasssaccnaocsnans A-
H ARIC ECG Report Record Format...ceceoenceecocvacacscsccacnnnns A-

ARIC PROTOCOL 5. Electrocardiography VERSION 1.0, August, 1987

—

fo

[
WOooONULnN LU

—

21

21
22
23
23
23
23

25



I Abstract: Electrocardiographic Model for Prediction

of Left Ventricular Mass..... sesssssesscsesesssssasnsennases A-33
J Cardiac Infarction Injury Score: An Electrocardiographic

Coding Schema for Ischemic Heart Disease. Rautaharju, PM

et @l.iiiescinnctsatercnessannans Geeesessecnnns ceeeesessess A-35
Myocardial Infarction Injury Score. Rautaharju, PM cterecssas A-44
K ARIC Cohort 12 Lead Resting ECG Coding Form......sccvoeeeecese.. A-49
L Comparison Rules for Simultaneously Evaluating ECGs........... A-50
M ARIC Minnesota Coding and Serial Changes Form-Field
Center Visit ECGS..veverersrecssnseccssacnosssnnass ceeccasns A-56
N ARIC Cohort Two Minute Rhythm Strip ECG Coding Form........... A-57
0 ARIC-Minnesota Coding and Serial Change......... . cresmsanes A-58
P Prototype-ARIC Hospital Surveillance ECG c1a551f1cat10n ....... A-59
Q ECG Technician Procedure Review Checklinst Form............... A-60
R Editing Patient Name and ID......c.c. eeseasans Cecssessesenss A-64
S Quality Control Retransmission Document......ceevieeneeccsccae A-65
T ARIC ECG Certification....ceecven.n cseersecssnane Ceeesaseecenns A-66
U Procedures for MAC PC Calibration...eceveeeceaess Cestereenesenes A-67
V Definitions of Electrocardiographic Criteria.....cceecescceees A-70
W Examples of Minnesota Code 1-2-7...ciciteerurencnenscnscases .. A-73

ARIC PROTOCOL 5. Electrocardiography VERSION 1.0, August, 1987



PREFACE

Electrocardiograms (ECGs) are coded for ARIC cohort participants and for
hospital surveillance cases.

Three different categories of resting ECGs are being collected in the
cohort component of the ARIC study.

1. Standard and 2-minute rhythm strip ECGs for every participant at
baseline visit

To determine ECG status of each participant at baseline and provide
predictive data for future subgroup analysis.

2. Standard and 2-minute rhythm strip ECGs for every participant at each
follow-up visit

To determine changing ECG status in regard to myocardial ischemia, left
ventricular hypertrophy, conduction delays, and arrhythmias for each
participant.

3. Hospital ECGs for participants hospitalized after their baseline visit

To determine if a myocardial infarction has occurred.

ECGs, from baseline and follow-up visits, for all participants are sent by
phone modem to be analyzed by computer at the ARIC ECG Computing Center in
Halifax. Wave voltage and duration measurements are taken (including
U-wave measurement and the Dalhousie multivariable score for left
ventricular mass, Appendix J) as well as implementation of the Minnesota
Code (1) (Appendix K1) and the Cardiac Injury Score (2) (Appendix L). All
records with Minnesota Code findings by the computer, as well as a random
sample with no findings, are adjudicated at the ARIC Minneapolis ECG
Reading Center in Minneapolis. Paper records are generated by the Halifax
ECG Computing Center (Appendix A) and coded on forms (Appendix B) in the
Minneapolis ECG Reading Center. All remaining ECGs are also generated by
Halifax and kept on file at the Minneapolis ECG Reading Center.
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1. BASELINE ECGs

1.1 Introduction

During the baseline examination, a standard supine 12-lead resting ECG and
2-minute rhythm strip are recorded after a 12-hour fast followed by a light
snack and at least one hour after smoking or ingestion of caffeine.

1.2 Procedures for Recording Baseline and 2-minute Rhythm Strip ECGs

The standard electrocardiograph for the ARIC study is the MAC PC Personal
Cardiography by Marquette Electronics, Inc. The standard configuration for
the MAC PC is shown in Appendix A. A 12-lead resting ECG tracing is
obtained consisting of 10 seconds of each of the leads simultaneously (I,
II, III, aVR, aVL, aVF, V1-V6). The rhythm strip is a full two minutes of
Leads VI, II and V5.

Procedures for charging the battery of the MAC PC: The MAC PC runs only
from its battery. The battery can be charged by plugging the unit into a
wall outlet. The MAC PC will record and print about 50 ECGs on one charge.
The amount of charge left is displayed for one-half second when the machine
is turned on. It takes about 10 hours to charge the battery.

Plug in the unit each evening after transmitting data to Halifax. Unplug
the unit in the morning. It is not good for the machine to spend several
days in either the fully charged or completely drained state. For weekends
and holidays the machine may be left plugged in, or, if the brief charge
display shows at least 25 ECGs remaining, it may be left unplugged.

1.3 Electrode Position Measuring and Marking

Because it is essential for the study to be able to compare baseline ECG
data with subsequent records, a uniform procedure for electrode placement .
and skin preparation is required. The method and procedure for standardiz-
ing electrode locations are outlined below.

The participant, stripped to the waist, is instructed to lie on the
recording bed with arms relaxed at the sides. The individual is asked to
avoid movements which may cause errors in marking the electrode locations,
but encouraged to converse with the technician. Prior experience with
electrocardiograms is discussed, as is the purpose of the ECG recording.
The participant should be told this is a research ECG to be used for
statistical analysis later in the study. However, it can also be used by
the clinic physician for general diagnostic purposes, and a copy can be
sent to the individual's private physician.

For best electrode/skin interface, place the electrodes on the skin at
least 2-3 minutes before taking the ECG. Patient information can be
entered on the MAC PC during this time.
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A good felt tip pen is used to mark the six chest electrode positions.
Wipe the general area of the following 10 electrode sites with a sterile
alcohol prep to remove skin oil and perspiration. It is extremely
important that care be taken to locate these positions accurately.
Therefore, the procedure given below must be meticulously followed.
Electrode positions in women with large, pendulous breasts must be
determined in relation to the anatomic points described below - as for all
participants. The electrodes must then be placed on top of the breast (in
the correct position).

1.3.1 Limb Leads

Locate electrode LL on the left ankle (inside).
Locate electrode RL on the right ankle (inside).
Locate electrode LA on the left wrist (inside).
Locate electrode RA on the right wrist (inside).

Figure 1. Electrode and Leadwire Placement

ARIC PROTOCOL 5. Electrocardiography VERSION 1.0, August, 1987
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1.3.2 Electrode V2

Locate the sternal angle and second left rib between the index and middle
fingers of your right hand. Count down to the fourth rib and identify the
fourth intercostal space below it. Locate V2 in the fourth intercostal
space immediately to the left of the sternal border.

1.3.3 Electrode V1

Locate electrode V1 in the fourth intercostal space at the right sternal
border. This should be at the same level as V2 and immediately to the
right of the sternum.

1.3.4 Anterior 5th Interspace Marker (E Point)

Identify the fifth rib and fifth intercostal space below V2 by counting
down ribs as described for V2. Follow this space horizontally to the
midsternal line and mark this point. This is the "E" point.

1.3.5 Electrode 6

With the chest square held lightly against the body (see Figure 2) locate
the V6 electrode at the same level as the E point in the midaxillary line
(straight down from the center of the armpit). If breast tissue is over

the V6 area, mark the V6 location on the breast,

Do not attempt to move the breast in order to mark V6 on the chest wall.

1.3.6 Electrode V4

Electrode V4 is located using the E-V6 Halfpoint Method (3). Using a
medical tape measure (American Hospital Supply, Cat. No. 30940), measure
the distance between the E point and the V6 marking. The tape should be
resting lightly on the skin, not pressing into the flesh. The E and V6
marks should clearly be seen above the tape. Without moving the tape, mark
the location of electrode V4 midway between E and V6. Record the E-V6
distance (in centimeters) on scratch paper. This value will later be
entered into the MAC PC when it asks for "Height".

1.3.7 Electrode V3

Using a flexible ruler, mark the location of electrode V3 midway between
the locations of V2 and V.

1.3.8 Electrode V4

Using a flexible ruler, mark the location of electrode V5 midway between
the locations of V4 and V6.

ARIC PROTOCOL 5. Electrocardiography VERSION 1.0, August, 1987



Page 4

POSTERIOR

ANTElRIOR

3 28 2 24 22 20 8 16
DAL-SQUARE

Figure 2. Location of V6 Electrode Using the Dal-Square
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1.4 Skin Preparation

Skin preparation is undertaken only in the presence of observed technical
problems due to poor electrode contact. As a first step it may be
sufficient to rub the skin lightly with a tongue depressor to produce
reddening. If this does not resolve the problem, then:

1. With the participant's consent, remove any excess hair from each
electrode site on the chest using an electric shaver.

2. At each electrode location in turn, the outer horny layer of the
epidermis is removed by gentle dermal abrasion with a piece of 6-0
(220) sandpaper. Only three passes (in the form of an asterisk)
at each site using light pressure are required.

If the skin preparation has removed the felt pen marking at any of the
electrode sites, these are accurately re-established by carefully repeating
the procedure described in Electrode Position Measuring and Marking. It is
important that the electrode sites be marked using the exact technique

. described.

1.5 Application of Electrodes

Disposable electrodes are used in the ARIC study. Adaptors are used with
the leadwires to connect the '"banana" plug from the MAC PC leadwire to the
disposable electrode via a clip.

When placing each electrode, massage it in a small circular motion to
maximize the pre-gel contact with the skin but avoid overlap of gel from
one electrode to the next.

Center the four limb electrodes on the inside of the wrist or ankle with
the tab for the clip pointing toward the head. Center the six chest
electrodes on the chest markings with the tabs pointing down. Do not let
the electrodes overlap or touch each other if possible.

Clip the appropriate leadwire to each electrode (Figure 1). Do not pull or
jerk tangled wires. To untangle wires, disconnect lead wires from
electrodes.

1.6 Recording the 12-lead ECG

Change the roll of paper as needed. Each roll is 75 feet long; each
patient takes approximately eleven feet of paper (12-lead and 2-minute
rhythm strip).

Each ECG is automatically stored in memory until it is deleted.

ARIC PROTOCOL 5. Electrocardiography VERSION 1.0, August, 1987
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After placing the electrodes on the skin, enter the participant information
into the MAC PC (Figure 3) according to Appendix B. Electrodes must be on
the skin for at least 2-3 minutes before taking the ECG. Make a final
check of the electrodes and lead wires. Ask the participant to relax and
keep still, then press the RECORD key.

The machine will display "Acquiring Data" and the left side of the display
will show a count. If there are technical problems the display will show
which lead is involved and will keep counting until it gets 10 seconds of
good data. Check electrode contacts and leadwires, then check the display
again. If the display counts past 75, push the STOP key and remove the
throw-away electrodes. Prepare the electrode sites as discussed in Skin
Preparation and follow the above protocol for exact relocation of
electrodes. Press RECORD ECG. The machine will tell you to "enter a new
patient or press RECORD." Press RECORD ECG a second time to start the ECG.
The machine will automatically print the ECG after it has acquired 10
seconds of good data (Appendix C).

Tear the ECG off the machine and file it in your records.

1.7 Taking the Two Minute Rhythm Strip

The rhythm strip is taken immediately after the 12-lead ECG is printed and
filed. The machine automatically labels the strip with the current
participant's acrostic, ID and date. The visit number and technician
number must be written on the strip. The rhythm strip is taken at a paper
speed of 25 mm/sec (as is the 12-lead ECG).

a) Have a stop watch or a watch with an accurate second hand ready to
time exactly two minutes of rhythm strip.

b) Press the 3-lead ECG key. (For wandering baseline it might help
to press this three times quickly.) The rhythm strip will
immediately begin to print. (See page 4-1 of the Operator's
Guide).

c) Start timing the 2 minutes when the baseline is stable.

d) To stop printout after two minutes, press the Main Menu symbol.

e) Immediately begin folding the 10 feet of rhythm strip accordion
style, six inches to a side. The Minneapolis ECG Center will
return any rhythm strip that is rolled or folded around itself.
Do not cut the strip. See Appendix D.

f) Write the visit number and technician number on the strip
(Appendix D).

g) Collect rhythm strips in a folder.

h) Every Friday send the strips with a packing list to the
Minneapolis ECG Center via certified mail with return receipt.
Send them to:

Lowell Hedquist

ARIC ECG Reading Center
611 Beacon St., S.E.
Stadium Gate 27
Minneapolis, MN 55455

ARIC PROTOCOL 5. Electrocardiography VERSION 1.0, August, 1987
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Figure 3. The MAC PC Keyboard and LCD Display by Marquette Electronics, Inc.
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1.8 Pault Detection Procedures

Should problems with noise or drift be encountered, electrodes are
replaced. The following is a guide for determining which electrodes may be
faulty. The underlined electrodes are the predominant determinants of the
appropriate lead and therefore are most likely to be the faulty electrodes
for a given lead. After adjustment or replacement of suspect electrodes,
the electrocardiograph should be able to record 10 seconds of good data.

Lead Affected Possible Faulty Electrode

I RL, RA, LA

II RL, RA, LL

I1I RL, LA, LL

aVR RL, RA, LL, LA

avL _ RL, LL, RA, LA

aVF RL, LL, RA, LA

V1 RL, LL, RA, LA, V1
V2 RL, LL, RA, LA, V2
V3 RL, LL, RA, LA, V3
V4 RL, LL, RA, 1A, V4
V5 RL, LL, RA, LA, V5
V6 RL, LL, RA, LA, V6

1.9 Self-Evaluation of Technical Performance

This section allows technicians to monitor their own ECG technique. It is
intended to help technicians who are having difficulty meeting the quality
standards set by the ECG Reading Center. These data are not intended to be
collected by the study.

The technician examines the ECG tracing to estimate the noise level and
baseline drift. Based on the requirements of the Minnesota Code,
acceptable and unacceptable levels of noise and baseline drift have been
established. These levels are scored using the following table:

Noise Qverall Beat-to-beat
Quality Grade (mm) Drift (mm) Drift (mm)
1 < .25 <1 <1
2 < .50 < 2 <1.5
K} <1 <3 <2
4 < 2 < 4 <3
5 > 2 >4 >3

The grade levels given in this table are related to the ability of the
analysis program to achieve the required accuracy. Quality Grade 5 is
unacceptable. ECGs of Quality Grade 5 must be deleted from the machine's
memory and retaken immediately.

1. First, the tracing is examined for obvious errors such as right
arm/left arm and other common lead misplacements (see Figure 4,
negative p-waves in I indicate lead switch). These ECGs must be
deleted from the machine's memory and retaken immediately.

ARIC PROTOCOL 5. Electrocardiography  VERSION 1.0, August, 1987



Page 9

1

itch

Right Arm/Left Arm Lead Sw

Figure 4.

VERSION 1.0, August, 1987

Electrocardiography

Tl

OL

o
=
]

il

C’l, v

ARYC PR



N

The Quality Grade for noise is obtained by measuring the noise level
as vertical peak-to-peak values in terms of number of small paper
divisions (smallest grid squares). Note that recording sensitivity is
1 mv per centimeter, (one small paper division = 1 mm = 0.1 mv). A
noise level of more than 2 small paper divisions (> 0.2 mv peak to

peak) is unacceptable (Figure 5).

3. The Quality Grade for overall drift is obtained by searching each of
the 12-leads for the maximum and minimum baseline levels within that
lead (as determined by the PR and/or TP segments) over the 10 second
recording and measuring the vertical distance between them. A
distance of more than 4 small paper divisions is unacceptable (Figure
6).

4, The Quality Grade for beat-to-beat drift is determined by searching
for the pair of successive QRS complexes having the largest amplitude
difference (vertical distance) between successive PR segments. A
difference of more than 3 small paper divisions (> 0.3 mv) indicates
an unacceptable record (Figure 7).

Improvement in technical quality will indeed result if the prescribed
procedure for electrode position marking, electrode and skin preparation,
electrode replacement and equipment use are carefully followed. Baseline
drift problems, which are essentially caused by poor electrode-skin contact
are particulariy easy to remedy, as is 60-cycle interference.

Sixty-cycle interference is characterized by perfectly regular fine
oscillations occurring at the rate of sixty per second (Figure 8).

ectrical equipment of any kind may be the source of AC interference on an
ECG in all leads or only certain ones. Check quality of skin preparation
meom A ATl ambannda mand lemmle Tam el cimne mamd i mm mc 2 m~ddommlion et A el
aQllU LIl Livuc Lulltall. vileo dcduwiicd d.llu réseciure acttacinmenc oL tne
alligator clip to the electrode. Make sure participant does not touch any

Atal nart AfF +ha had Aar Aathar Aqtdnmandt Danvimidty +n a wall with hiddan
IHC o4 Ol Vi Lilc Vou vl vieiliclL C\iu*yul\:llb . L lLVvVAalLillll I—J LV a wald WALl llluuTld
wiring or a partially broken cable may also cause this problem.

Muscle Tremor causes irregular oscillations of low amplitude and varying

rapidity superimposed upon the ECG waveform (Figure 9). Muscle tremor is
the involuntary muscle act1v1ty of a partlclpant whose state is tense,
apprehensive, or uncomfortable. This is why a clear explanation of the

electrocardiogram test and reassurance are necessary for the participant.
The participant is asked if the temperature of the room is too low for
her/him and is covered with a blanket if so.

1.10 Original Hard Copy Record

The original 12-lead ECG record is filed at the field center. If the
clinic needs a second "original" ECG, it can be printed from the machine's
memory anytime before deletion of the ECG.

The first hard copy ECGs are read locally by clinic physicians for
notification and referral if needed. The records are then placed in
participants' local data files. Double-check that this participant is
correctly identified.

TR TV A
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Unacceptable Noise Level

Figure 5.

Unacceptable Overall Baseline Drift

Figure 6.

Unacceptable Beat-to-Beat Baseline Drift

Figure 7.
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Figure 8. Sixty-Cycle Interference

Figure 9. Artifact Caused by Muscle Tremor
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1.11 Transmissioh, Confirmation and Deletion
1.11.1 Transmission

The memory of the electrocardiograph will store 11 to 16 12-lead ECGs. The
machine will not store another ECG if the memory is full when an ECG is taken.
The machine will ask you to delete an ECG from memory or delete the one just
taken. For this reason, ECGs must be transmitted to Halifax every day and
deleted the next day after confirmation.

The receiving unit in Halifax is usually in the "ready" state to receive ECGs.
If you get a '"no connection” message when trying to send ECGs, try again in
10-20 minutes. If there continues to be problems with transmitting to Halifax,
ECGs can be transmitted to the MAC 12 at the Minneapolis ECG Coding Center.
Call the Coding Center supervisor at (612)624-5872 to arrange transmission.

1. The phone number for the Halifax receiving port (902)424-3644 is already
programmed in the set-up menu of the electrocardiograph.

2. Make sure the phone line is connected. This can be done by moving the
jack from your regular phone to the port in the back of the MAC PC.

3. Print one copy of the directory of ECGs in memory (see Figure 10). To do
this:

a) From the Main Menu press the shift and Fl simultaneously to show
the system functions display.
b) Press the Storage (F1) key to display the storage functions
display.
c) Press the directory (F2) key and a directory will be printed.
4. On the directory, put an asterisk by the IDs taken that day which are
to be transmitted (see Figure 10).
5. To complete transmission:

a) From the Main Menu press the shift and Fl keys simultaneously to
show the system functions display.

b) Press the Storage (F1) key to display the storage functions
display.

c) Press the More (F5) key to show the second Storage Functions

* display.

d) Press the Transmit (F1) key to show the transmission type display.

e) Press the phone (F1) key. (The Halifax phone number will show on
the display and should not need to be re-entered). Press ENTER.

f) Patient data for the first ECG in memory will be displayed.

g) If that ID had already been transmitted earlier, press NO (F2).

. If the ECG is to be transmitted press YES (F1).

h) Each ID on the directory will be displayed. Press NO or YES for
each one, referring to the printed directory. Note in Figure 10
that ID #J102402 has two different ECGs in the machine's memory.
This would occur if the technician noticed poor quality in the
first ECG, and took a second one without deleting the first. Make
sure to transmit only good quality tracings.

ARIC PROTOCOL 5. Electrocardiography VERSION 1.0, August, 1987
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i) The machine will dial the phone and transmit each ECG.

j) Watch the display as each ECG is transmitted and check the IDs
on the Directory List. This way if a problem occurs, the ECG
involved can be identified.

k) After the last ECG to be transmitted is displayed, a message
indicating the number of ECGs that were transmitted vs. the
number you selected to transmit is displayed. If the numbers
are not the same, the problem ECGs will have been identified
on the Directory List. These can be re-transmitted using the
above steps.

1) Keep the Directory List available for confirmation from
Halifax via electronic mail the next morning.

1.11.2 Confirmation

Every morning the ECG Computer Center in Halifax notifies each field center
of the IDs received. Notification is by ARIC electronic mail directly to
the field center's personal computer. The mailing includes the ID, date
and time of each ECG received on the previous evening.

Compare the Directory List with the IDs of the mailing. If there is more
than one ECG in the directory for a participant, compare the qualities and
the times. If the ECGs were of equal quality, compare the times to verify
that the earliest record was sent and received.

If there is an ID on the Directory (which had been marked for transmission)
that is not on the confirmation mailing, retransmit that ID immediately.

If there is an ID on the confirmation mailing that is not on your Directory
List, notify Halifax of this through ARIC electronic mail.

Note: Confirmation of transmission from Halifax has nothing to do with the
confirmed/unconfirmed report settings in the MAC PC.

1.11.3 Deletion
To delete ECGs that have been received by Halifax:

1. From the Main Menu press the shift and Fl1 simultaneously to show the
system functions display.

2. Press the Storage (Fl) key to display the storage functions display.

3. Press the Delete (F4) key.

4, Patient data for the first ECG in memory will be displayed.

5. If confirmation from Halifax has been received, press the Delete (F1l)
key, otherwise press the save (F2) key.

6. Each ECG in the Directory will be displayed. Press Delete or Save for

each one.

7. The machine will count the ECGs and the display will ask if you really
want to delete them. If you are sure you have selected only ECGs
confirmed by Halifax and/or bad quality ECGs, press Yes (Fl), otherwise
press No (F2) and start over.

8. You may also press Quit (F4) while any ID is being displayed if you
have made a mistake and nothing will be deleted.
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2. CENTRAL ECG READING BASELINE ECGS

2.1 Resting 12-lead ECG

Reading of 12-lead ECGs by the ECG Computer Center includes the Minnesota
Code (1) (Appendix E) and the Performance Grade Level (Appendix F). Every
month Halifax sends these data for the ECGs received in the previous month
to the Coordinating Center on diskette (Appendix G). Wave voltage and
duration measurements also taken are detailed in Appendix H and include
U-wave measurement, the Dalhousie score for left ventricular mass
(Appendix I), and the Cardiac Infarction Injury Score (2) (Appendix J).
These data are reported at the end of the study.

All resting 12-lead ECG records with computer-generated Minnesota Code
findings and at least a 107 random sample with no findings are visually
coded at the Minnesota Coding Center by the full Minnesota Code. Results
_ are recorded on the ARIC Cohort 12-Lead Resting ECG form (Appendix K).
ECGs are read three times, blinded: the final codes are adjudicated by a
senior coder. Minnesota Code criteria are in Appendix E.

Adjudication:

The visual Minnesota Codes are sent to the Coordinating Center for data
entry and comparison with the computer-generated codes. Adjudication
between the visual code and the computer code is performed by two electro-
cardiographers only on ECGs that have a discrepancy involving any Q-code,
or any ST or T wave changes (4-1, 4-2, 5-1, 5-2 or 9-2). The Coordinating
Center determines the IDs that have any of these discrepancies and sends a
report form to the Minnesota Coding Center listing the ID, acrostic, date
and time of ECG, the visual codes and the computer codes. These ECGs are
examined and the adjudicated codes are recorded on the report form which is
returned to the Coordinating Center. The Coordinating Center adds the
adjudicated codes to the data base as the definitive Minnesota Codes for
the IDs involved.

2.2 Two-minute Rhythm Strip

Rhythm strips are coded for arrhythmias on the ARIC Cohort Two Minute
Rhythm Strip ECG Coding form (see form Appendix N) at the Minnesota ECG
Coding Center. The rhythm strips are stored by field center and ID at the
Coding Center.

2.3 Visit Two ECGs

Visit two procedures are the same as for baseline ECGs with the exception
that baseline and visit two ECGs are compared. The procedure for this
comparison is as follows.
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When two ECGs from different field center visits are available, a
determination is made at the Coordinating Center as to whether or not
Minnesota Code change criteria are met. Determination is made by computer
algorithm, not by Minnesota Coders. A list of those IDs that fit the
change criteria (i.e., any pattern ED1 through ED7, see Appendix V) is sent
to the ECG Coding Center. Only ECGs for these IDs are examined side by
side for serial ECG change.

Simultaneous ECG comparison is based on the final Minnesota codes. Serial
ECG changes (significant increase, no increase or technical problem) are
also determined three times; the final categories are adjudicated by a
senior coder and added to the ARIC Minnesota Coding and Serial Change Field
Center Visit ECG form (Appendix M). Serial Change criteria are in Appendix
L. These objective rules for side-by-side ECG evaluation are used to
determine whether a Minnesota code change between ECG pairs is significant.
The simultaneous ECG evaluation procedure uses the first clinic visit ECG
as the reference ECG for comparison.

ARIC requires a Minnesota Code change plus agreement by simultaneous ECG
.comparison before declaring that the ECG pattern change meets ARIC ECG
criteria for interim MI (see Appendix V).

A determination that an ARIC participant has had an MI, either prior to the
initial clinic visit or between visits, can be made on ECG evidence alone,
using the following criteria:

1. Prevalent MI at Baseline
Baseline ECG (initial cohort visit) coded:
a) any 1-1-X code
OR
b) any 1-2-X PLUS 4-1-1 or 4-1-2 or 4-2 or 5-1 or 5-2.

2. Interim MI Between Cohort Visits
An Evolving Diagnostic ECG Pattern (ED1 through ED7) between the
baseline ECG (initial cohort visit) and an ECG from a later cohort
visit confirmed by simultaneous ECG comparison.

2.4 Hospital ECGs for Cohort

Whenever hospital ECGs for cohort participants are obtained after the
baseline examination, photocopies of these records (masked at the field
center for all information except ID) are sent to the Coding Center and
coded by the Minnesota Code. ECGs are read three times, blinded: the final
codes are adjudicated by a senior coder. Minnesota Code criteria are in
Appendix E.

Copies of the coding forms are sent to the Coordinating Center for data
entry and a determination is made at the Coordinating Center as to whether
or not the Minnesota Code change criteria are met. Determination is made
by computer algorithm, not by Minnesota Coders. A list of those IDs that
fit the change criteria (i.e., any pattern ED1 through ED7 or EV1 through
EVS5, defined above) is sent to the ECG Coding Center. Only ECGs for these
IDs are examined side by side for Serial ECG change.
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Simultaneous ECG comparison is performed on the final Minnesota codes using
the first ECG of the hospitalization as the reference. Serial ECG changes
are also determined three times, blinded. Serial change categories are:
significant increase, decrease (but not for Q-codes), no change (this
implies no increase for Q-codes) or technical problem. The final
categories are adjudicated by a senior coder and added to the Minnesota
Coding and Serial Change Hospital ECG form (Appendix O0). Serial Change
criteria are in Appendix L. These objective rules for side-by-side ECG
evaluation are used to determine whether a Minnesota code change between
ECG pairs is significant.

As an example, the ARIC protocol defines a new Minnesota code 1-2-7 as a
potential ischemic event. Persons with this severity of ECG change will
have simultaneous ECG comparison. The ECG comparison procedure (for this
case) requires a > lmm R-wave amplitude decrease between corresponding
leads of the reference and comparison ECGs. The criteria for 1-2-7 are QS
patterns in V1, V2, and V3. If the reference ECG has R-waves that are >
Imm tall in V1 or V2 or V3, then when comparing these ECGs side by side,
the R-waves in the reference ECG appear to decrease the appropriate amount
. (at least 1lmm) and a "significant increase'" is noted on the Appendix O
form. If the reference ECG has R-waves < 1lmm tall, it cannot fulfill the
change criteria and "no change" is noted (see Appendix W).

ARIC requires a Minnesota Code change plus agreement by simultaneous ECG
comparison before declaring that the ECG pattern change meets ARIC criteria
for an evolving ECG diagnostic pattern.

The coded forms are returned to the Coordinating Center for data entry and
the ECGs are filed by field center and ID at the Coding Center.

2.5 Community Surveillance ECGs

ECGs are read for Q-waves locally in hospital by centrally trained Field
Center readers. Coding procedures for Field Center readers to code 'Q-wave
only" on the ARIC Hospital Surveillance ECG Classification form (Appendix
P) outlined below (Section 2.5.1). For quality control, abstractor coding
of Q-waves is compared in a sample with full Minnesota Coding at the ECG
Reading Center. See Section 3.4.

2.5.1 Procedures for Surveillance Hospital ECGs Coded On-Site at Field
Centers

1. Mark one or more of the following in the first line:
a) Mark "First ECG" if the ECG is the first codable ECG recorded
after admission.
b) Mark "Last ECG" if the ECG is the last codable ECG recorded before
discharge.
¢) Mark "Last ECG of day 3" if the ECG is the last codable ECG
recorded on day 3 after admission or after an in-hospital event.

NOTE: Do not chose an ECG if it is uncodable.
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ndica ine n ECG has any of these suppression patterns:
a) Com plete Heart Block (Minnesota Code 6-1)
The atrial rates {'P to P 1nfnrvn]c\ and tbe ventricnlar rates

b) WPW Pattern (6-4-1 & 6-4- 2)
PR interval < 0.12 sec, QRS duration => 0.12 sec with slurred
upstroke to the QRS complex and R peak duration => 0.06 sec.

c) Implanted Pacemaker (6-8)
Sharp vertical spikes having a duration too short to measure and
occurring at absolutely regular intervals preceding each QRS
complex.

d) Ventricular Fibrillation (8-2-1)
Irregular undulations of the baseline without clear P-, QRS- and
T-wave complexes..

e) Persistent Ventricular (idioventricular) Rhythm (8-2-2 & 8-2-3)
QRS => 0.12 sec and absence of preceding P-waves in all beats of
ECG.

3. 1Ignore individual leads with muscle tremor artifact or wandering
baseline.

4, Mark line A2 only if all ECGs for a person are uncodable because of:
a) 3 or more missing leads, (except aVR).
b) Muscle tremor artifact that produces possible false initial R's.
c) Other technical errors such as extreme lack of centering or marked
clipping which effect the Q-waves.
d) No calibration mark, or calibration not between 9.75 and 10.25 or
4,75 and 5.25 (half-standard).

5. Indicate in line B if ECG shows either:

a) Left Bundle Branch Block (7-1-1)
QRS duration => 0.1Z sec in a majority of beats of I, II, III, aVlL
or aVF PLUS R peak duration => 0.06 sec in a majority of beats of
I, II, aVL, V5 or Vé.

b) Right Bundle Branch Block (7-2-1)
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OR
S duration > R duration in all beats in I or II.
6. Definition of Q-wave

a) No initial R in any beat in the lead.

(Except V1 can have initial R's in <=50% of beats).

Definition of initial R:
1) amplitude => 0.25mm.
2) reaches peak within 0.5mm (looks sharp, not rounded).
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b) Must have terminal R.

Definition of terminal R:
1) amplitude => lmm.
2) must fall by 0.25mm within lmm (looks sharp, not rounded).

c) Must have Q depth => 1lmm.
d) Must have Q duration => lmm.

NOTE: If a Q-wave is less than lmm deep, any R-wave after it
(greater than 0.25mm) is considered an initial R.

Definition of QS-wave:

a) No initial R in any beat in the lead. (Except V1 can have initial
R's in <=50% of beats).

b) No terminal R.

c) Must be => lmm deep.

A majority of beats in the lead must fit the characteristics required
to check C1, C2, Di, D2, El or E2.
a) Example:
There are Q-waves > lmm deep in a majority of beats in aVF.
There are 5 beats in lead III, all with Q-waves:
If 2 beats have Q=0.03 sec wide (these fit D2) and 3 beats have
Q=0.02 sec wide (these fit D3), mark D3.
If 3 beats have Q=0.03 sec wide and 2 beats have Q=0.02 sec
wide, mark D2. '
If there were only 4 beats in III, two that fit Dl and two that
fit D2, mark D2.
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QUALITY CONTROL

3.1 The 12-1lead ECG

3.1.1

Technician

All ECG technicians -must be certified. See the following section on
Training and Certification.

Study guidelines on "acceptable'" noise levels are given earlier in
this protocol under Self-Evaluation of Technical Performance.

Each technician must take an average of 3 ECGs per week over a two-
month period to remain familiar with procedures and equipment.

Each technician is observed monthly by the most senior certified
technician while taking a participant's ECG. The observer checks
whether or not each procedure is performed (Appendix Q) and makes
comments on the sheet if necessary. After the ECG is taken, the
observer discusses the Procedure Review with the technician, then
sends it to the Coordinating Center.

3.1.2 Field Center

Each ECG is checked for quality of data in Halifax.

The technician number and Performance Grade Level (Appendix F) of each
ECG is included in the data file that is sent to the Coordinating
Center each month.

The Coordinating Center reports these findings to the Field Centers.
Each MAC PC is calibrated quarterly. Procedures are in Appendix U.

3.1.3 Halifax ECG Computer Center

1.

The ECG Coding Center will establish a test file containing approximate-
ly 25 ECGs from each field center, for a total of 100, enriched as to
ECG abnormality. This file will be established in collaboration with
the Coordinating Center.

Every other week, 5 ECGs from this test file will be transmitted to
Halifax as a normal clinic transmission. The procedure is as follows:
Valid ARIC QC phantom IDs are provided to the Coding Center by the
Coordinating Center, along with matched IDs from the test file. The
editing function of the MAC 12 is to be used to create a record for
each phantom ID by copying the record of the matched test file ID and
replacing the original ID with the matched QC phantom ID. The original
acrostic will also be replaced with ersatz data. Procedures for this
are documented in Appendices R and S.

In the event of hardware or software changes at the Halifax ECG
Computer Center, the entire test set will be transmitted to Halifax,
and the results of processing this retransmission compared to the
original results to verify that the computer changes have not altered
the computer processing of the ARIC ECG data.
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3.1.4 Minneapolis ECG Reading Center

1. Blind rereading of clinic ECGs is performed in two ways:

a) The abnormal quality control ECGs that are retransmitted to
Halifax are returned to the Coding Center with the other
abnormals. The Coding Center makes no effort to distinguish these
returned ECGs from the rest of a normal shipment from Halifax.
They are coded and reported in the usual manner. Thus, the Coding
Center continually rereads the quality control ECGs that Halifax
determines to be abnormal. (The quality control ECGs that Halifax
determines to be normal are only sent to the Coding Center if they
are chosen to be part of the 107 sample of normals that is included
with the abnormals.)

b) The Coordinating Center makes comparisons of repeated Reading
Center readings by identifying the QC phantom IDs and comparing
the results on these with the codes on the original IDs.

2. Halifax will set up a test set of 100 ECGs in consultation with the

Coordinating Center. A

a) The Coordinating Center will periodically furnish Halifax with a
list of QC phantom IDs, matched to the original IDs in the test
set. The IDs on each test ECG to be sent to the Reading Center
will be altered to the QC phantom ID matching the original ID on
this list.

b) Halifax will transmit ECGs from this list along with regular
transmissions to the Minneapolis Reading Center, at the average
rate of 5 per 50 ECGs transmitted. The QC ECGs should be added in
the middle of the transmission, not at the beginning or end, so
that the QC ECGs cannot be easily picked out.

c) The Coordinating Center will compare repeated Reading Center
readings by identifying the QC phantom IDs and comparing the codes
for these IDs to the original codes. The first coding of these
ECGs, unless it is changed during adjudication, will be considered
the definitive coding.

d) Comparison of measurements by Halifax and coding by Minnesota will
indicate any possible deterioration of quality due to repeated
phone line transmission, repeatability of ECG Computer Center
measurements, and repeatability of ECG Reading Center Minnesota
codes.

3.2 The Two-Minute Rhythm Strip

The Coordinating Center will work with the ECG Reading Center to set up a
test library of rhythm strips for resubmission as a quality control check.
The Coordinating Center will send periodically a list of IDs from the test
set with matched QC IDs. The Coordinator at the ECG Reading Center will
submit the corresponding rhythm strips to the coders for coding, and after
receiving coding forms, will key in the data under the matched IDs and
transmit to the Coordinating Center, where comparisons will be made.
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The Coordinating Center will gather a library of photocopies of cchort
hospital ECGs. These are periodically circulated to the Reading Center for
blinded repeated readings. The same originals must always be used when
making copies.

The ECG Reading Center will conduct internal repeat quality control on
cohort hospital ECGs in the same manner as for two-minute rhythm strips.

3.4 Surveillance Hospital ECGs

The Minneapolis ECG Reading Center coding supervisor will circulate at
least once per year to clinics to reread a number of hospital ECGs to be
determined by the Coordinating Center and Steering Committee. The coding
form is the same as that used by field center readers, Prototype in
Appendix P. Cohort hospital surveillance ECGs, from each clinic, are
Q-wave coded by abstractors and also photocopied and forwarded to the

. Minneapolis ECG Reading Center to be coded by the Minnesota code and serial
change rules using the form used for Cohort Hospital ECGs, Appendix O.
Comparisons are made of Q-wave coding by abstractors and the full Minnesota
coding by the reading center on these cohort ECGs.

3.5 Data Acquisition

Quality control of data acquisition will be achieved by initial central
training of technicians and subsequent certification of them and all 'new
technicians involved during the course of the study. Study guidelines on
"acceptable" noise levels are given earlier in this protocol under
Self-Evaluation of Technical Performance. Feedback of clinic quality of
ECG recording will also be reported by the Halifax ECG Computing Center on
receipt of ECGs transmitted by modem. The Performance Grade Level is
included for every ECG in the monthly diskette sent to the Coordinating
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3.6 Training and Certification
3.6.1 Cohort ECGs

A two-day central training session was held in July 1986 at Johns Ho
Tra1n1ng included electrode n'l:amampnf skin nrpnaraf1cm MAC PC mem

pkins.
s and
data entry and self- evaluatlon of technlcal performance All new
technicians are trained by the most senior certified technician.

The technician responsible for recording ECGs must be officially certified
as capable of recording high~quality ECGs by the ECG Center. Certification
ECGs must be done on age-elipible participants in the manner described
above following return to the clinic after central training. Three ECGs
must be obtained. Send the ECGs and the certification form (Appendix T) to
the Coordinating Center. The tracing will be "logged in" and forwarded to
the ECG Reading Center for review. Notification of the technician's
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certification status will be made by the Coordinating Center after this
review is complete.

3.6.2 Community Surveillance ECGs
Hospital record abstractors are trained to code Q-waves at the training

session for medical record abstracting. Abstractors must demonstrate
accuracy of Q-wave coding on a test set of ECGs in order to be certified.
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ARIC
MARQUETTE MAC PC SETUP

Appendix A

To begin cardiograph setup, press
to display the Main Menu:

¢Task Vi+1I+VS
Patlnfo Rhythm 25mm/s 10mm/mV  100Hz

DEOOOOBEBE

Next press the SHIFT/ALTERNATE FUNCTION
and F1 keys at the same time to display the *“System
Functions’ menu:

Srystem Functions
Storase Setur Diag RevXmit

Select *“Setup™ (F2) by pressing either E or
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F. Passwords

G. Miscellaneous
H. Defaults
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Cart Sétur
Timequt More

F T
2

3.€p

I

page
page
page
page
page
page
page
page
page

- =00 00~ I W NN

b



Step A
Date and Time Setup

Date and Time Setur
Time

Loxe

J

EE]
~3-

Todav‘’'s Date (DD-MMM=YY):
DD=Davy+ MMM=Month Name: YY=Year

01-JAN-86 J

DO DEEE

Date and Time Setur

kDate Time

J

]

—

Time (HH-MM): 9Q-32

HH=Hour» MM=Minute (24 Hr ClocK)

]

Fl Fl1e F2 F2¢ F3 F3e Fd Fae F5 F5 4
|l HE ”3 H4 HS HS l 7 8 g 0

Date and Time Setup
Time

[Date

]

D OO E AR

Step B
Phone Setup

Cart Setur

[Dat/Tim Phone LdGrrs Rerorts

Hore]

D

[Phone Number 8=19024243644

0-9 & &« = ,

J

Press Backspace-delete
to erase.

9-32 is 9:32am
13-15 is 1:15pm

Example:

U of Minn. needs 8 to get off

campus, you might need 9 or

nothing.

"<" gives a pause for off-
campus dialtone.

"1" is for long distance.

The rest is Halifax receiving

MAC 12, (902) 424-3644.



Step C
Lead Groups — Rhythm Leads Setup

Lead GrouPrs

Rhythm Standrd RMR ax2.5
&P

Grour:

AutoRhym Grouerl Grour2 Group3d Grourd
1 ’
]
- .

Groue: Vy1,11,V5 .
AutoRhym Grourl Group2 Grourd Grourd

DO BEEBEEE

3 3]

OTE

Number of Rhythm Leads: 3 ]

s ) 1
-

Chi1: v1
1 11 113 More

II
11 111 More

r‘“ﬂ
0
¥

- N
_____J

)
¥
" w
S

11 T11 More

Lead Grours
Rhvthm Standrd RMR axz.,s

4

__

These should never need

to be changed.



Step D
Report Formats Setup

Do not configure Confirmed.

f Report Formats for: ]

Confrmd Unconf Press F2 for Unconfirmed.
E]
-

For each of the following LCDs press either E

(ves) E (no); and to store

the report information.

Ask for Extra Cories of Plots: NO Clinic choice here.
’ Yes No Some clinics may want
extra copies.

DEE]E]

{Suppress Orig Ret Interpretation: YES

Clinic choice here.
Marquette interpretation
may be printed om ECG.
However, the official ARIC
interpretation is from
Halifax and the Minnesota
Coding Center.

Yes No

R E e

Yes No
R fit | [Fe F2t
EIEIEIE]

[Suppress Text Page: YES

[ Suppress Cory Interpretation:

Yes No
71 F2 F2e
1 2 3 la I

(tht.hm and Morrholo9y Report (RMR): NO

Yes No

Fl ] F2 F2e
1 2 3 4

s




Report Formats Setup (Cont)

1 CompPlex / Lead: NO
Yes

No
EIEIE]E]

Yes No

DR

‘| Automatic Rhythm (1x10): NO
Yes " No

DB

[Automatic Rhythm (1x10) with Abnormals: ]

[1 Complex / Lead With Abnormals: NO J

Yes No NO

12 Lead (4x2.5); JYES
Yes No

This is the only format
to be printed.

-

Yes No
H3 Fi¢ | [F2 rzé
1 2 3 4

1 Page 4X2.,5 with Rhythm: NO
_Yes No '

Fl |r1¢ llra Ilrz¢ l
4 2 3 4

(Separate Text Page for 4x2.5: NO




Report Formats Setup (Cont)

(12 Lead (2x5): NO
L Yes No

S

Mo Mme 1l 1M+

S I ' P

rl" Lead (2x10): NO
Yes No

)

FFIEE)

~
»
4

Q

e

(32 Lead (4x
l Yes

v JETE T

[12 Lead (ax10) with Abnormals: NO |

Yes No J
fFi j[F1+ | {Fe FgT |
EJEE JET
r;z Lead (2x5 at S0mm/g): NO )
L Yes No J
[ﬁ‘—] F1¢ | [F2 ZX]
1 2 3 4
f Reeort Formats for: |
LConfmd Uncont B
[n Hrn Hrz Iﬂ

— )
Cart Setur
Dat/Tim D LdCree Reparts Maor l_:

Ludtll »m rn W T F - - - 2

r—”rn]

[ &

wmﬂ

F3 Fae Fd F
IRl |r‘1m| Taalamla

From here, press Return.



Step E
Modem Setup — Auto Dial

[ Cart Setur ]

t Modem Passude Mice Defaulrs More
J

F1 F1t

1 2

-

Sepeaker On: Dialing Only
Dial Alwars

o [

Dialing: Auyto Dial
Manual Auto

’rz ' IFE? ]
2 4
[

A

—
. J

[

Dialing Format: Touch Tone
Pulse T Tone

r_-ﬁ

1 or 4

Dial Tone Reauired: YES ‘J
Yes No

Dial Tone Time: ls
is . 25
o [
Modem Transmit Power Level: =9dBm
~E8dBm -7dBm ~8dBm -9dBm More
3 fit ) [Fe Fzr | [F3 GERE Far ] [F5
R S A
Transmit Synch Time: 148.3ms
800ms 220ms 148.3ms SOms More

[l ][

Answer Tone Freauency: 2025 Hz
2025Hz 2100Hz

D

Answer Tone Wait (insec.s): 120
5-50¢ .




Step F

Passwords

Cart Setur
Modem Passwds Misc

More]

Defaults
-
Svystem Passwords
Level 1 Level 2

X3
3 - O

Step G

Miscellaneous Setup

Cart Setup
Passwds Misc Defaults

)

Modem

HoreJ

)
-

For each of the following display prompts, type in
the response or press a function (F) key. Then

press :@ to store that information.

60 Hz

Line Freauemncry:
B0Hz SOHz

Cart ID:
0-255

Site 1D:
1-255

Institution Name:
Ue to 40 Characters

{Number of Patient ID Disits:
1-12

Site IDs:

Passwords are probably not needed.

60 Hz

The cart ID of your ORIGINAL MAC PC
is the same as your site ID.

If you get a different machine the
number MUST BE DIFFERENT. Contact
the Minneapolis ECG Center.

Minneapolis ARIC
Forsyth Co. ARIC
Hagerstown ARIC
Jackson ARIC

i

#onn
0~y

Enter your location and study name.

(Only 21 of the 40 characters will
show here but that's OK.)

9 digits



Miscellaneous Setup (Cont)

Heigsht/Weight: inches/pounds
in/lb cm/kg

In Hrn'”ra ]rae
1 2 3 4

InPput Patient Age As: Date of Birth
poB Years

Fl Fl¢ Fe Fae
1 2 3 4

Ask Blood Pressure Questions: NO
Yes No

DEEE

Ask Options Question: NO
Yes o

Fl lrn ' F2 fFar
Il I 2 |3 l 4

Confirmation Text: Unconfirmed
Unconf - RevdBy

Fl Fle F2 F2¢
ll HZ ”3 l 4

All

ECGs to Store/Transmit:
All Abnormal

D]

Delete ECGs after Transmission: GAVE
Save Delete

lrl IIrlf I Fe F2e
1 2 3 4

E to V6 measurement in centi-
meters is entered under Height.

DOB

NO

NO

Unconfirmed

ALL

SAVE. It is wvery important to
change this to SAVE. By default
the machine deletes ECGs as

soon as they are transmitted,
without waiting for confirmation
from Halifax.



Miscellaneous Setup (Cont)

fétore/Transmit Control: Store
LﬁStore Transmit

In ”rn”ra ”FZ+‘
1 2 3 4

Power Up Sreed: ]
[ - 25 mm/s

28mm/s  SOmm/s .

I F1¢ J [Fsz “:u ]

Power Up Filter: 100 Hz
40H:z 100H=

L E

Screening Criteria: NO
Yes No

DB

Baseline Roll Filter: .16 Hz
«01Hz «02Hz +1BHz +32Hz

J

BN E I EIEIEIE]

OC Baseline Drift: YES
Yes No

DEEE]

QC Muscle Tremor: YES
Yes No

Fl it | [r2 F2t
Il Ha |3 4

A-10

Store

25 mm/s

100 Hz

NO

.16 Hz

YES



Step H
Defaults Setup

A-11

(=)

Modem Passwds

Cart Setur

Defaults More J

NEVER say yes to return to
1 factory setup defaultr?'
J o oe 1 set the machine

because that wil
to delete ECGs after transm
(see the last window on pag

ission

e 9.

L
Are You Sure???
Yes No
R
4
- -
Returns LCD to second
- Cart Setup display.
P~ :

Returns
cardiograph to
original factory
setup defaults. Any
cardiograph setup
changes since
factory defaults will
be deleted. Returns
LCD to second
Cart Setup

display.

Step 1

Timeout

___J

Cart Seturp
Modem Passwds Misc Defaults More

-

) - Cart Setup
Timeout More

Automatic Timeout (minutes): 1
1 S 10 30 nonefacg)

[ [l

o3
-

-

This saves
the battery.

“Timeout” is the amount of time it takes for the
LCD to go blank when the MAC PC is not being
used.

If the “none(ac)” option is selected, the timeout
length will be indefinite if and only if a charger
(Power Module) is attached to the MAC PC and the
battery status (section XII) message indicates “OK”
or “FULL™. If “none(ac)” is selected and a charger
is NOT attached, then the timeout length will be set
to 10 minutes.



Appendix B

MAC PC ENTRY INFORMATION NEEDED FOR EACH PARTICIPANT

?TaskK Vi+11I+VS
Patlnfo Rhythm 25mm/s 10mm/mV  100Hz

I I I EIEF

New Patient:
Yes No

Patient.Last Name:
A to 2+ Spaces ‘1 .

Patient First Name:
AtoZ2, 0 to 9, Space,

s

Patient 1ID:
Digits 0 to 9

Referred by:
(Physician Name )

Location Number:
0 to 99

Room Number:
Any 5 Characters

A-12
Nov. 10, 1986

Hit either Fl or F1%.

~This won't show up if the machine

was just turned on.

~Hit either Fl button if it is a new person.

-Hit either F2 button if you want to correct
an entry and/or take another ECG on the
same persom.

Enter first 4 letters of Last Name:
examples: SMIT, JONE, HESS

Enter complete ID. ARIC: M123456
TOMHS: MI12345SMIT

Repeat digit portion of ID.
ARIC: 123456
TOMHS: 12345

. Leave blank.

Hit Return.

ARIC: Enter Contact Year (1,2,etc.)
TOMHS: Leave Blank.

Enter your Technician ID number.



TOMHS
ONLY

ARIC
ONLY

A-13

Patient Over 1 Year 0ld: Yes "Yes" is already entered so
Yes No : hit return.
Age: Enter age.

0 to 127 years

To type dash press and E

at the same time.

Date of Birth (DD-MMM-YY): DD= Day (1-31)

DD=Day, MMM=Month Name, YY=Year MMM= LETTERS of month (JAN., FEB., etc.)
YY= Year (86,87,etc.)

Height:
0 to 999 inches Put in E to V6 distance in cm.

| ARIC TOMHS
Weight: Leave blank Enter chest circumference in cm.
0 to 999 1bs. Return '
Sex:
Male Female Indicate sex, hit either Fl or F2.
Race: ‘ Leave blank,
Cauc Black Oriental Hisp More Return
Medication: Leave blank
None Unknown Clr+Add Add Scroll Return

The MAC PC is now ready to take a 12-lead ECG (press [:ZJ )
or a 3 lead rhythm strip (press ).



Appendix C A-14
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Figure 11. Typical Electrocardiogram Using MAC PC

ARIC PROTOCOL 5. Electrocardiography VERSION 1.0, August, 1987
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Appendix D
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Appendix E

Appendix

MINNESOTA CODE 1982

Q and QS Patterns

(Do not code in the presence of WPW code 6-4-1.) To qualify as a Q-wave, the deflection should be at least 0.1
mV (1 mm in amplitude).

1-2-1
1-2-2
1-2-3
1-2-8

1-3-1
1-3-3

1-1-1
1-1-2
1-1-4

1-1-5
1-2-1
1-2-2
1-2-3
1-24

1-2-5
1-2-6
1-3-1
1-3-4

1-3-5
1-3-6

1-1-1
1-1-2
1-1-6

Anterolateral site (leads I, aVL, V)

Q/R amplitude ratio > '3, plus Q duration > 0.03 sec in lead I or Vs.

Q duration 2 0.04 sec in lead I or V.

Q duration 2 0.04 sec, plus R amplitude > 3 mm in lead aVL. '

Q/R amplitude ratio > V4, plus Q duration > 0.02 sec and < 0.03 sec in lead I or V.

Q duration > 0.03 sec and < 0.04 sec in lead I or V. '

QS pattern in lead 1. Do not code in the presence of 7-1-1.

Initial R amplitude decreasing to 2 mm or less in every beat (and absence of codes 3-2, 7-1-1,
7-2-1, or 7-3) between Vs and Vs. (All beats in lead Vs must have an initial R > 2 mm.)

Q/R amplitude ratio 2 ¥ and < V5, plus Q duration 2 0.02 sec and < 0.03 sec in lead [ or V.
Q duration > 0.03 sec and < 0.04 sec, plus R amplitude > 3 mm in lead aVL.

Posterior (inferior) site (leads II, III, aVF)

Q/R amplitude ratio > ¥4, plus Q duration > 0.03 sec in lead II.

Q duration > 0.04 sec in lead II.

Q duration 2 0.05 sec in lead III, plus a Q-wave amplitude > 1.0 mm in the majority of beats in
lead aVF.

Q duration = 0.05 sec in lead aVF.

Q/R amplitude ratio > 3, plus Q duration > 0.02 sec and < 0.03 sec in lead II.

Q duration 2> 0.03 sec and < 0.04 sec in lead II.

QS pattern in lead II. Do not code in the presence of 7-1-1.

Q duration 2 0.04 sec and < 0.05 sec in lead I11, plus a Q-wave 2 1.0 mm amplitude in the
majority of beats in aVF.

Q duration > 0.04 sec and < 0.05 sec in lead aVF.

Q amplitude > 5.0 mm in leads III or aVF.

Q/R amplitude ratio 2 !4 and < ', plus Q duration > 0.02 sec and < 0.03 sec in lead 1I.
Q duration 2 0.03 sec and < 0.04 sec in lead 11, plus a Q-wave > 1.0 mm amplitude in the
majority of beats in lead aVF.

Q duration 2 0.03 sec and < 0.04 sec in lead aVF.

QS pattern in each of leads III and aVF. (Do not code in the presence of 7-1-1.)

Anterior site (leads V,, V,, V3, V,, Vy)

Q/R amplitude ratio 2 ¥ plus Q duration > 0.03 sec in any of leads V,, Vi, V., Vs.

Q duration > 0.04 sec in any of leads V,, V,, V;, Vi, Vs.

QS pattern when initial R-wave is present in adjacent lead to the right on the chest, in any of
leads V., Vi, Vi, Vs, Vs,

QS pattern in all of leads V,-V, or V,-Vs.
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1-2-1 Q/R amplitude ratio = V5, plus Q duration 2 0.02 sec and < 0.03 sec, in any of leads V;, V,,
Vi, Vs.

1-2-2 Q duration > 0.03 sec and < 0.04 sec in any of leads V,, V;, Vi, Vs.

1-2-7 QS pattern in all of leads V,, V,, and V;. (Do not code in the presence of 7-1-1.)

1-2-8 Initial R amplitude decreasing to 2.0 mm or less in every beat (and absence of codes 3-2, 7-1-1,
7-2-1, or 7-3) between any of leads V; and V3, V; and V,, or V, and V;. (All beats in the lead
immediately to the right on the chest must have an initial R > 2 mm.)

1-3-1 Q/R amplitude ratio 2 ¥ and < ¥4 plus Q duration 2 0.02 sec and < 0.03 sec in any of leads
Vi, Vi, Vi, Vs

1-3-2 QS pattern in lead V, and V,. (Do not code in the presence of 3-1 or 7-1-1.)

QRS Axis Deviation

(Do not code in presence of low-voltage QRS, code 9-1, WPW 6-4-1, ventricular conduction defects, or 7-1-1,
7-2-1, and 74.)

2-1 Left. QRS axis from —30° through —90° in leads I, I1, II1. (The algebraic sum of major
positive and major negative QRS waves must be zero or positive in 1, negative in 11, and zero or
negative in II.)

2-2 Right. QRS axis from + 120° through —150° in leads I, II, III. (The algebraic sum of major
positive and major negative QRS waves must be negative in I, and zero or positive in 111, and in
I must be one-half or more of that in III.)

2-3 Right (optional code when 2-2 is not present). QRS axis from +90° through +119° in leads I,
11, 1I1. (The algebraic sum of major positive and major negative QRS waves must be zero or
negative in I and positive in II and II1.)

2-4 Extreme axis deviation (usually S1, S2, S3 pattern). QRS axis from —90° through ~ 149° in
leads I, 11, and III. (The algebraic sum of major positive and major negative QRS waves must be
negative in each of leads I, 11, and 111.) ’

2-S Indeterminate axis. QRS axis approximately 90° from the frontal plane. (The algebraic sum of
major positive and major negative QRS waves is zero in each of leads I, II and III, or the infor-
mation from these three leads is incongruous.)

High Amplitude R Waves

3-1 Left: R amplitude > 26 mm in either V; or V¢, or R amplitude > 20.0 mm in any of leads I, 11,
I11, aVF, or R amplitude > 12.0 mm in lead aVL measured only on second to last complete
normal beat.

3-2 Right: R amplitude > 5.0 mm and R amplitude > S amplitude in the majority of beats in lead
V., when S amplitude is > R amplitude somewhere to the left on the chest of V, (codes 7-3 and
3-2, if criteria for both are present).

3-3 Left (optional code when 3-1 is not present): R amplitude > 15.0 mm but < 20.0 mm in lead I,
or R amplitude in Vs or V,, plus S amplitude in V; > 35.0 mm.

3-4 Criteria for 3-1 and 3-2 both present.
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ST Junction (J) and Segment Depression

(Do not code in the presence of codes 6-4-1, 7-1-1, 7-2-1 or 7-4. When 4-1, 4-2, or 4-3 is coded, then a S-code
must also be assigned except in lead V,.)

Anterolateral site (leads I, aVL, V)
4-1-1 STJ depression > 2,0 mm and ST segment horizontal or downward sloping in any of leads I,
aVL, or Vg.
4-1-2 STJ depression > 1.0 mm but < 2.0 mm, and ST segment horizontal or downward sloping in
any of leads I, aVL, or V.
4-2 STJ depression 2 0.5 mm and < 1.0 mm and ST segment horizontal or downward sloping in any
of leads I, aVL, or V.
4-3 No STJ depression as much as 0.5 mm but ST segment downward sloping and segment or
T-wave nadir > 0.5 mm below P-R baseline, in any of leads I, aVL, or V.
4-4 STJ depression 2 1.0 mm and ST segment upward sloping or U-shaped, in any of leads I, aVL,
or V.

Posterior (inferior) site (leads 1, III, aVF) _
4-1-1 STIJ depression 2 2.0 mm and ST segment horizontal or downward sloping in lead II or aVF.
4-1-2 STJ depression > 1.0 mm but < 2.0 mm and ST segment horizontal or downward sloping in lead
11 or aVF,
4-2 STJ depression 2 0.5 mm and < 1.0 mm and ST segment horizontal or downward sloping in
lead II or aVF.
4-3 No STJ depression as much as 0.5 mm, but ST segment downward sloping and segment or
T-wave nadir 2 0.5 mm below P-R baseline in lead II.
4-4 STJ depression > 1.0 mm and ST segment upward sloping, or U-shaped, in lead II.

Anterior site (leads V,, Vi, V3, Vi, V)
4-1-1 STIJ depression > 2.0 and ST segment horizontal or downward sloping in any of leads V,, V3,
Vs, Vi, Vs.
4-1-2 STJ depression 2 1.0 mm but < 2.0 mm and ST segment horizontal or downward sloping in any
of leads V,, Vi, V3, V4, Vs,
4-2 STJ depression 2 0.5 mm and < 1.0 mm and ST segment horizontal or downward sloping in any
of leads V,, V3, V3, V4, Vs.
4-3 No STJ depression as much as 0.5 mm, but ST segment downward sloping and segment or
T-wave nadir 2 0.5 mm below P-R baseline in any of leads V,, V3, Vi, Vs.
4-4 STJ depression > 1.0 mm and ST segment upward sloping or U-shaped in any of leads V,, V,,
Vs, Vi, Vs.

T-Wave Items
(Do not code in the presence of codes 6-4-1, 7-1-1, 7-2-1 or 7-4.)
Anterolateral site (leads I, aVL, V)

5-1 T amplitude negative 5.0 mm or more in either of leads I, Vi, or in lead aVL when R amplitude
is 2 5.0 mm.



5-3

54

5-1
5-2

54

3-1
5-2

5-3

5-4

A-19

T amplitude negative or diphasic (positive-negative or negative-positive type) with negative phase
at least 1.0 mm but not as deep as 5.0 mm in lead I or Vg, or in lead aVL when R amplitude is
2 5.0 mm.

T amplitude zero (flat), or negative, or diphasic (negative-positive type only) with less than 1.0
mm negative phase in lead I or Vg, or in lead aVL when R amplitude is 2 5.0 mm.

T amplitude positive and T/R amplitude ratio < %, in any of leads I, aVL, V¢; R wave
amplitude must be 2 10.0 mm.

Posterior (inferior) site (leads II, III, aVF)

T amplitude negative 5.0 mm or more in lead 11, or in lead aVF when QRS is mainly upright.

T amplitude negative or diphasic with negative phase (negarive-positive or positive-negative type)
at least 1.0 mm but not as deep as 5.0 mm in lead II, or in lead aVF when QRS is mainly
upright.

T amplitude zero (flat), or negative, or diphasic (negative-positive type only) with less than 1.0
mm negative phase in lead II; not coded in lead aVF.

T amplitude positive and T/R amplitude ratio < %o in lead II; R wave amplitude must be > 10.0
mm.

Anterior site (leads V3, V3, V., Vi)

T amplitude negative 5.0 mm or more in any of leads V,, V;, Vi, Vs.

T amplitude negative (flat), or diphasic (negative-positive or positive-negative type) with negative
phase at least 1.0 mm but not as deep as 5.0 mm, in any of leads V,, Vi, Vi, Vs.

T amplitude zero (flat), or negative, or diphasic (negative-positive type only) with less than 1.0
mm negative phase, in any of leads V;, Vi, Vs.

T amplitude positive and T/R amplitude ratio < !4 in any of leads Vs, Vi, Vs; R wave
amplitude must be 2 10.0 mm.

A-V Conduction Defect

6-1

6-2-1
6-2-2
6-2-3

6-3
6-4-1

6-4-2
6-5
6-6

Compilete (third degree) A-V block (permanent or intermittent) in any lead. Atrial and ven-
tricular complexes independent, and atrial rate faster than ventricular rate, with ventricular rate
< 60.

Mobitz Type II (occurrence of P-wave on time with dropped QRS and T).

Partial (second degree) A-V block in any lead (2:1 or 3:1 block).

Wenckebach’s Phenomenon (P-R interval increasing from beat to beat until QRS and T
dropped).

P-R (P-Q) interval 2 0.22 sec in the majority of beats in any of leads I, 11, III, aVL, aVF.
Wolff-Parkinson-White Pattern (WPW), persistent. Sinus P-wave. P-R interval < 0.12 sec, plus
QRS duration > 0.12 sec, plus R peak duration > 0.06 sec, coexisting in the same beat and
present in the majority of beats in any of leads 1, II, aVL, V., Vs, V. (64-1 suppresses 1-2-3,
1-2-7, 1-2-8, 1-3-2, 1-3-6, all 3, 4, §, 9-2, 9-4, 9-5 codes.)

WPW Pattern, intermittent. WPW pattern in € 50% of beats in appropriate leads.

Short P-R interval. P-R interval < 0.12 sec in all beats of any two of leads I, II, I1I, aVL, aVF.
Intermittent aberrant atrioventricular conduction. P-R > 0.12 sec (except in presence of 6-5 or
heart rate greater than 100); wide QRS complex > 0.12 sec; normal P-wave when most beats are
sinus rhythm. (Do not code in the presence of 6-4-2.)

Artificial pacemaker.
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Ventricular Conduction Defect

7-1-1 Complete left bundle branch block (LBBB). (Do not code in presence of 6-1, 64-1, 6-8, 8-2-1 or
8-2-2.) QRS duration 2 0.12 sec in a majority of beats (of the same QRS pattern) in any of leads
1, 11, 111, aVL, aVF, plus R peak duration 2 0.06 sec in a majority of beats (of the same QRS
pattern) in any of leads I, II, aVL, Vs, V. (7-1-1 suppresses 1-2-3, 1-2-7, 1-2-8, 1-3-2, 1-3-6, all
2,3, 4, 5, 9-2, 9-4, 9-5 codes. If any other codable Q-wave coexists with the LBBB pattern, code
the Q and diminish the 7-1-1 code to a 74 code.)

7-1-2 Intermiuent left bundle branch block. Same as 7-1-1 but with presence of normally conducted
QRS complexes of different shape than the LBBB pattern.

7-2-1 Complete right bundle branch block (RBBB). (Do not code in the presence of 6-1, 64-1, 6-8,
8-2-1 or 8-2-2.) QRS duration 2 0.12 sec in a majority of beats (of the same QRS pattern) in any
of leads I, II, III, aVL, aVF, plus: R’ > R in V, or QRS mainly upright, plus R peak duration 2
0.06 sec in V, or V,; or V;; or S duration > R duration in all beats in lead I or II. (Suppresses
1-2-8, all 2-, 3-, 4- and 5-codes, 9-2, 9-4, 9-5.)

7-2-2 Intermittent right bundle branch block. Same as 7-2-1 but with presence of normally conducted
QRS complexes of different shape than the RBBB pattern.

7-3 Incomplete right bundle branch block. QRS duration < 0.12 sec in each of leads I, II, III, aVL,
aVF, and R’ > R in either of leads V,, V, (Code as 3-2 in addition if those criteria are met. 7-3
suppresses code 1-2-8.)

7-4 Intraventricular block. QRS duration > 0.12 sec in a majority of beats in any of leads I, II, III,
aVL, aVF. (7-4 suppresses all 2, 3, 4, 5, 9-2, 9-4, 9-§ codes.)

7-5 R-R’ pattern in either of leads V,, V, with R’ amplitude € R.

7-6 Incomplete left bundle branch block. (Do not code in the presence of any codable Q- or QS-
wave.) QRS duration 2 0.10 sec and < 0.12 sec in the majority of beats of each of leads I, aVL,
and Vs or Vs.

7-7 Left anterior hemiblock (LAH). QRS duration < 0.12 sec in the majority of beats in leads I, II,
111, aVL, aVF, plus Q-wave amplitude 2 0.25 mm and < 0.03 sec duration in lead I, plus left
axis deviation of —45° or more negative. (In presence of 7-2, code 7-8 if axis is < —45° and the
Q-wave in lead I meets the above criteria.)

7-8 Combination of 7-7 and 7-2.

Arrhythmias

8-1-1 Presence of frequent atrial or junctional premature beats (10% or more of recorded complexes).

8-1-2 Presence of frequent ventricular premature beats (10% or more of record complexes).

8-1-3 Presence of both atrial and/or junctional premature beats and ventricular premature beats (so
that individual frequencies are < 10% but combined premature beats are > 10% of complexes).

8-1-4 Wandering atrial pacemaker.

8-1-5 Presence of 8-1-2 and 8-14.

8-2-1 Ventricular fibrillation or ventricular asystole.

8-2-2 Persistent ventricular (idioventricular) rhythm.

8-2-3 Intermittent ventricular tachycardia. Three or more consecutive ventricular premature beats
occurring at a rate 2 100. This inciudes more persistent ventricular tachycardia.

8-2-4 Ventricular parasystole (should not be coded in presence of 8-3-1).

8-3-1 Atrial fibrillation (persistent).

8-3-2 Aurial flutter (persistent).



8-3-3

8-34

8-4-1

8-4-2

8-5-1

8-6-2
8-6-3
8-6-4
8-7
8-8
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Intermittent atrial fibrillation (code if 3 or more clear-cut, consecutive sinus beats are present in
any lead).

Intermittent atrial flutter (code if 3 or more clear-cut, consecutive sinus beats are present in any
lead).

Supraventricular rhythm persistent. QRS duration < 0.12 sec; and absent P-waves or presence of
abnormal P-waves (inverted or flat in aVF); and regular rhythm.

Supraventricular tachycardia intermittent. Three consecutive atrial or junctional premature beats
occurring at a rate 2 100.

Sinoatrial arrest. Unexpected absence of P, QRS and T, plus a R-R interval at a fixed multiple
of the normal interval, + 10%.

Sinoatrial block. Unexpected absence of P, QRS and T, preceded by progressive shortening of
P-P intervals. (R-R interval at a fixed multiple of the normal interval, + 10%.

A-V dissociation with ventricular pacemaker (without capture). Requires: P-P and R-R occur at
variable rates with ventricular rate as fast as or faster than the atrial rate, plus variable P-R
intervals, plus no capture beats.

A-V dissociation with ventricular pacemaker (with capture).

A-V dissociation with atrial pacemaker (without capture).

A-V dissociation with atrial pacemaker (with capture).

Sinus tachycardia (over 100/min).

Sinus bradycardia (under 50/min).

Other arrhythmias. Heart rate may be recorded as a continuous variable,

. ST Segment Elevation

9-2

9.2

9-2

Anterolateral site (leads I, aVL, V)
ST segment elevation > 1.0 mm in any of leads I, aVL, Vs.

Posterior (inferior) site (leads 11, I1I, aVF)
ST segment elevation = 1.0 mm in any of leads II, 111, aVF.

Anterior site (leads V,, V3, Vi, Vi, Vi)
ST segment elevation 2> 1.0 mm in lead Vs or ST segment elevation 2 2,0 mm in any of leads
Vi, V2, V3, V.

Miscellaneous Items

9-1

9-3

9-4-1

9-4-2

9-5

9-8-1
9-8-2

Low QRS amplitude. QRS peak-to-peak amplitude < 5 mm in all beats in each of leads I, II,
111, or < 10 mm in all beats in each of leads V,, V2, Vi, V., Vs, V. (Check calibration before
coding.)

P-wave amplitude > 2.5 mm in any of leads Il, 11, aVF, in a majority of beats.

QRS transition zone at V; or to the right of V; on the chest. (Do not code in the presence of
6-4-1, 7-1-1, 7-2-1 or 7-4.)

QRS transition zone at V; or to the left of V, on the chest. (Do not code in the presence of
6-4-1, 7-1-1, 7-2-1 or 7-4.)

T-wave amplitude > 12 mm in any of leads I, 11, 1lI, aVL, aVF, V|, V,, V5, V,, V,, V. (Do not
code in the presence of 6-4-1, 7-1-1, 7-2-1 or 7-4.)

Technical problem§ which interfere with coding.

Technical problems which do not interfere with coding.
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Incompatible Codes

The codes in the left column suppress codes in the right column.

Code Suppresses this code(s)
All Q-, QS-codes 7-6
Q>0.03inlead I 7-7
3-1 1-3-2
32 1-2-8, 7-3
6-1 All other codes except 8-2
6-4-1 All other codes
6-8 All other codes
7-1-1 1-2-3, 1-2-7, 1-2-8, 1-3-2, 1-3-6, all 2-, 3-, 4-, and S5-codes,
7-7, 9-2, 9-4, 9-5
7-2-1 1-2.8, all 2-, 3-, 4-, and 5-codes, 9-2, 9-4, 9-5
7-3 1-2-8
7-4 ) All 2., 3-, 4-, and 5-codes, 9-2, 9-4,-9-5
8-1-2 8-2-4
8-1-4 8-1-1, 9-3
8-2-1 All other codes
8-2-2 All other codes
©8-2-3 8-1-2
8-3-1 8-1-1, 8-1-2
8-3-2 6-2-2, 8-1-1, 8-1-2
8-3-3 8-1-1, 8-1-2
8-3-4 6-2-2
8-4-1 6-5
8-4-1 + heart rate > 140 All other codes except 7-4 or 6-2
Heart rate > 100 6-5
8-4-2 8-1-1

9-1 All 2-codes



Performance Grade Levels

x>

S8
98]

PERFORMANCE NOISE DRIFT
GRADE LEVEL pVEmS Beat to Beat (pV)
Overall (mV) Rest
1 <30 <0.7 <190
2 <60 <0.8 £250
3 <90 £0.9 <310
4 £120 £1.0 <370
5 >120 >1.0 >370




Appendix G A-24
Data Record
Position Length Contents Assigned By
1-7 7 Subject ID in format ANNNNNC ARIC Clinic
8-12 5 Blank filled
13-15 3 ECG (ECG data record) ARIC CC
16-16 1 A (Form version) ARIC CC
17-17 1 D (Record type) ARIC CC
18-19 2 03 (Study code) ARIC CC
20-21 2 14 (Form code) ARIC CC
22-22 1 Blank
23-24 2 Contact Year, blank filled right justified ARIC Clinic
25-42 18 Blank filled
43-44 2 00 first time record processed. Incremented Hix
by one for new processing at Hfx (in case new
version of processing programs)
45-52 8 Date of creation of record in format Hix
MM/DD/YY
53-57 5 Time of creation of record in format HH:MM  Hfx
58-60 3 Operator Code in ASCII (Blank) Hfx
61-68 8 Date that record was updated in format Hix
MM/DD/YY Blank if not relevant
69-73 5 Time that record was updated in format Hfx
HH:MM Blank if not relevant
74-74 1 A if new record to be added to database, Cif Hix
change in record
75-76 2 Diskette number (00) Hifx
7797 1 Blank
78-83 8 Numeric sequence # of record in batch Hix
84-84 1 Blank
85-86 2 Site Number ARIC Clinic
87-87 1 Blank
88-99 12 ID number ARIC Clinic
100-100 1 Blank



Data Record
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Position Length Contents Assigned By

101-142 42 Subject Name, Last,First as received from
MACI12 ECG cart

143-143 1 Blank

144-145 2 Location Code ARIC Clinic

146-146 1 Blank

147-148 2 Cart Code ARIC Clinic

149-149 1 Blank

150-166 17 Recording Date and Time

167-167 1 Blank

168-168 1 Quality grade 1-5 Hix

169-169 1 Blank

170-171 2 Minnesota Code L1 Hix

172-172 1 Blank

173-174 2 Minnesota Code F1 Hfx

175-175 1 Blank

176-177 2 Minnesota Code V1 Hfx

178-178 1 Blank

179-180 2 Minnesota Code L4 Hix

181-181 1 Blank

182-183 2 Minnesota Code F4 Hfx

184-184 1 Blank

185-186 2 Minnesota Code V4 Hfx

187-187 1 Blank

188-189 2 Minnesota Code L5 Hfx

190-190 1 Blank

101-192 2 Minnesota Code F5 Hfx

193-193 1 Blank

1904-195 2 Minnesota Code V5 Hfx

196-196 1 Blank

197-198 2 Minnesota Code L92 Hfx

1908-199 1 Blank



Data Record

A-26

Position Length Contents Assigned By
200-201 2 Minnesota Code F92 Hifx
202-202 1 Blank

203-204 2 Minnesota Code V92 Hifx
205-205 1 Blank

206-207 2 Minnesota Code C2 Hfx
208-208 1 Blank

209-210 2 Minnesota Code C3 Hfx
211-211 1 Blank

212-213 2 Minnesota Code C6 Hfx
214214 1 Blank

215-216 2 Minnesota Code C7 Hfx
217-217 1 Blank

218219 2 Minnesota Code C91 Hfx
220-220 1 Blank

221-222 2 Minnesota Code C93 Hfx
223-223 1 Blank

224-225 2 Minnesota Code C94 Hifx
226-226 1 Blank

227-228 2 Minnesota Code C95 Hfx
229-229 1 Blank

230-231 2 Minnesota Code E7 Hifx
232-232 1 Blank

233-234 2 CRLF
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Appendix H
ARIC ECG COMPUTER CENTER

ECG REPORT RECORD FORMAT

LENGTH

wwwwwwwwwwwwwwwwwwwwwwwwv—-t—aHHH»—-HHHHHH».&».&.&.&.&A.&»@.&\I

ID number.

Calibration - lead
- lead
- lead
- lead
- lead
- lead
- lead
- lead
- lead
- lead
- lead
- lead

Lead reject flag

I
II
III
AVR
AVL
AVF
V1
V2
V3
v4
v5
vé
I
II
III
AVR
AVL
AVF
vVl
v2
v3
V4
V5
vé

Noise value for lead I

(source data)

II
IIT
AVR
AVL
AVF
Vi
v2
V3
V4
V5
vé

Noise value for lead I

(average complex)

II
III
AVR
AVL
AVF
V1
va
v3
v4
V5
vé
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ECG REPORT RECORD FORMAT

LENGTH

3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
4
4
4
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
4

Beat to beat drift
values for lead

Residual drift
values for lead
(average complex)

Heart rate

P axis

QRS axis

T axis
Minnesota codes

CIIs value

I
II
III
AVR
AVL
AVF
vl
\'
v3
v4
V5
vé

II
III
AVR
AVL
AVF
vl
A
v3
v4
v5
vé

L1l
Fl
vl
L4
F4
v4
L5
F5
V5
L92
F92
vo2
c2
Cc3
cé
c7
col
co3
Cc94
C95
E7

A-28

Automated Minnesota Code
for all cohort ECGs

Cardiac Injury Score,
based on published
prognostic studies



rEM

100
101
102
103
104
105
106
L07
L08
L09
L10
111
112
113
L14
115
L16
117
118
119
120
121
122
L23
L24
L25
L26
L27
128
L29
L30
131
L32
L33
L34
L35
L36
L37
L38
L39
L40
141
142
143
144
L45
L46
147

ECG REPORT RECORD FORMAT

LENGTH

N G N N N Y N S O IV I PV PO VR TV R PO PV IR VI TV I PN I 78 Y T N G S S S N A A N A A T

P amplitude
positive

P amplitude
negative

P duration

Q amplitude

II
III
AVR
AVL
AVF
vl
v2
V3
V4
V5
vé

IT
III
AVR
AVL
AVF
Vi
V2
V3
V4
V5
VAS

II
ITI
AVR
AVL
AVF
v1
v2
V3
V4
V5
vé

I1
I1I
AVR
AVL
AVF
V1
V2
v3
v4
V5
vé
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ITEM

148
149
150
151
152
153
154
155
156
157
158
159
160
161l

162

163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179

180"

181
182
183
184
185
186
187
188
189
190

191 .

192
193
194
195

ECG REPORT RECORD FORMAT

LENGTH

B B D B e D BB BRWWWWWWWWWW WO S DD BWWWWwwwwwwww

Q duration

R amplitude

R duration

S amplitude

11
III
AVR
AVL
AVF
vl
v2
v3
v4
v5
vé

II
I1I
AVR
AVL
AVF
vl
va
v3
vi4
v5
vé

11
III
AVR
AVL
AVF
vl
V2
v3
V4
v5
vé

II
III
AVR
AVL
AVF
vl
v2
v3
v4
V5
V6
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-TEM

196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237

238 .

239
240
241
242
243

ECG REPORT RECORD FORMAT

LENGTH

’ bbn»»unb»b.hbwwwwwwwwwwww.uAhnhbbnbbpnwwwwwwwwwwww

S duration

R’ amplitude

R’ duration

J amplitude

11
II1I
AVR
AVL
AVF
vl
v2
v3
v4
V5
V6

11
III
AVR
AVL
AVF
V1
V2
v3
v4
V5
vé

II
I1I
AVR
AVL
AVF
vli
v2
v3
V4
V5
vé

I1I
I1I
AVR
AVL
AVF
V1
V2
V3
V4
V5
V6

A-31



ITEM

244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277

ECG REPORT RECORD FORMAT

LENGTH

Also:

WERFRbDMOWUWWWWWORIOOUMIUTOTOOVIVITAVIRLTVTAIOTU G UG O Ut

Tneg amplitude

Tpos amplitude

-R interval

-T interval
J-T interval
QRS interval
HEIGHT

WEIGHT

AGE

SEX

RACE

Dalhousie Score for
LV mass estimate

based on extensive independent

echo documentation

R-peak activation time
Measurement of U-wave

I
II
III
AVR
AVL
AVF
V1
v2
v3
v4
V5
vé

II
I1I
AVR
AVL
AVF
V1
v2
v3
V4
V5
V6

Pz s
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ABSTRACT
REPRODUCTION
FORM

A-33

Number
_ Please do not fill in!

13th International Congress on Electrocardiology
27th International Symposium on Vectorcardiography
Washington, D.C., US.A.
September 10-12, 1986

Please read instructions before typing abstract.

DEADLINE DATE: Abstract must be received
no later than April 1, 1986.

Identity two key words or phrases within the
title to be used for indexing in the Abstracts
books.

1. LVH criteria .
2. Computer ECG .

Enter number of Session for which you would
. like this paper considered _g2 .

The author affirms that the material herein will
not have been previously published as a manu-
script or presented at any meeting, that-any
animal studies conform with the “Guiding
Principles in the Care and Use of Animals” of
the American Physiological Society and that
any human experimentation has been con-
ducted according to a protocol approved by the
institutional committee on ethics of human
investigation or—if no such committee exists—
that it conforms with the principles of the Decla-
ration of Helsinki of the World Medical Associa-
tion (Clinical Research 14:193, 1966).

AUTHOR'S SIGNATURE__

AN ELECTROCARDIOGRAPHIC MODEL FOR PREDICTION OF
LEFT VENTRICULAR MASS
Hermann K. Wolf, James W. Warren, Pentti M.
Rautaharju, John A. Milliken, Eldon R. Smith,
Ted E. Cuddy, Dept. Physiology and Biophysics,
Dalhousie University, Halifax, N.S. Canada.
Left ventricular mass (LVM) has been shown
to be an important independent predictor of
cardiovascular mortality and there is consider-
able interest in the estimation of LVM from
ECG, both for clinical and epidemiological
applications. We evaluated the accuracy of LVM
prediction using ECG's of 480 patients with
echocardiograms recorded within one week. The
age range was 16 to 90 years, 263 were women.
The echocardiograms were measured by a trained
technician and reviewed by an experienced
cardiologist. The ECG's were processed by
computer and a set of selected ECG and demo-
graphic parameters were used in a stepwise
regression procedure to predict LVM and
LVM/surface area (LVMI). The traditional Estes
score predicted LVMI with R**2 .24. This
prediction was improved to R**2 .50 by addition
of age, TV1, RaVL+SV3, and SVI+RVS5 as
continuous variables. A marginally better
prediction (R**2 ,53) was achieved for LVM by a
simpler equation using age, sex, RaVL, TVl, and
RV5+SVl. It is concluded that an LVH score
derived from age, sex and simple ECG measure-
ments can predict LVM with a reasonable
accuracy and considerably better than
traditional criteria for LVH.

74¢-n-—~.~ é‘-«7

DATE_March 28, 1986

NAME (Please print)___Hermann K., Wolf

/

MAILING ADDRESS,

Dept. Physiol. & Biophys., Dalhousie University, Halifax, N.S.

CANADA B3H 4H7

years of age.

YOUNG INVESTIGATOR'S AWARD

‘l‘heﬁrstauthormquasmatmisaburadbeaxﬁdemdformeYamglnvesﬁgator’sAwardmeﬁraamhor
. certifies that the results are based on original research. Further, the first author certifies to being less than 40

Date.

Author's Signature.
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Left Ventricular Mass Index
Dalhousie Criteria

Best ECG Predictors for Males

QRS Duration

R amplitude in V5

S amplitude in III

S amplitude in V4

ST slope in Vé
Negative T depth in VS

0.65
» with respect to Echo LVMI
0.81
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Appendix J

Cardiac Infarction Injury Score:
An Electrocardiographic Coding
Scheme for Ischemic Heart Disease

P. M. RautaHariU, M.D., Pu.D., J. W. WaRREN, B.Sc., U. JaIN, PH.D,,
H. K. Wotr, Pu.D., anp C. L. NIeLseN, B.Sc.

Circulation, Vol 64, No 2, Augus: 1981
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Cardiac Infarction 1njury Score:
An Electrocardiographic Coding
Scheme for Ischemic Heart Disease

P. M. RauTaHARrIU, M.D., Pu.D., J. W. WaRReN, B.Sc., U. JaiN, Pu.D,,
H. K. Wotr, Pu.D,, anp C, L. NIELSEN, B.Sc.

SUMMARY A multivariate decision-theoretic electrocardiogram (ECG) classification scheme called Car-
diac Infarction Injury Score (CIIS) was developed using ECGs of 387 patients with myocardial infarction (MI)
and 320 subjects without infarction. The most accurate and stable classification was achieved by using a com-
bination of eight binary (single threshold), three ternary (two thresholds), and four ECG features measured on
a continuous scale. For practical visual coding of ECGs, the CIIS coding procedure uses & checklist contain-
ing 12 items measured from the conventional 12-lead ECG.

The CIIS test resuits indicate that, in comparison with conventional ECG criteria for MI used in clinical
trials, the diagnostic accuracy can be considerably improved by optimizing feature and threshold selection and
by multivariate analysis. The CIIS detected MI with a sensitivity of 85% and a specificity of 95%. Using a
higher severity level, a specificity of 99% was achieved, with a sensitivity of 71%. One of the primary uses of the
CIIS is coding of significant worsening of the ECG with new coronary events from annually recorded ECGs in

clinical trials and epidemiologic studies.

RELIABLE DETECTION of myocardial infarction
at periodic follow-up examinations and reliable iden-
tification of the progression or regression of cardiac
involvement in hypertension are major concerns in
epidemiologic studies and clinical trials aimed at pre-
venting heart disease. Although improved non-
invasive techniques may replace or supplement elec-
trocardiography in detecting and grading the severity
of left ventricular hypertrophy in hypertension, the
ECG remains the most important tool for detecting
and classifying myocardial infarction.

The Minnesota Code' has become the most widely
used ECG classification system in epidemiologic
studies, and its application significantly improved
standardization of ECG measurements. The Min-
nesota Code is a hierarchical, decision-tree type of
ECG classifier that was developed by determining up-
per normal limits for univariate or bivariate dis-
tributions of selected ECG features, particularly in the
design of category | of the code (Q, QS waves and
related items). Problems are encountered with this ap-
proach if many features are used in classification
criteria. When the Minnesota Code was developed,
statistical computer techniques were not in general use
and the criteria (features and thresholds) were selected
more or less intuitively, causing two major problems:
first, the feature selection and the thresholds are not
optimal and the sensitivity of the criteria tends to be
low; second, the use of a decision-tree structure results

From the Biophysics and Bioengineering Research Laboratory,
Faculty of Medicine, Dalhousie University, Halifax, Nova Scotia,
Canada,

Supported in part by the Nova Scotia Heart Foundation and the
Medical Rescarch Council of Canada (SDG-2) and NHRDP grants
603-1052-45 and 6603-20-10-54. The testing of the CIIS program
was performed in part pursuant to NHLBI contract 1-HV-42911.

Address for correspondence: P. M. Rautaharju, M.D., Ph.D., 6th
Floor, Gerard Hall, 5303 Morris Street, Dalhousie University,
Halifax, Nova Scotia, B3J 1B6, Canada.

Received October 2, 1980; revision accepted November 24, 1980,

Circulation 64, No. 2,°1981.
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in a considerable degree of classification instability* ?
whereby a single error can easily result in mis-
classification.

The Cardiac Infarction Injury Score (CIIS) scheme
was developed to improve the accuracy and stability of
ECG classification in ischemic heart disease. The
CIIS classifier uses a set of 11 discrete (binary and ter-
nary) ECG features in combination with four features
measured in continuum and uses a simple scoring
scheme suitable for both visual and computer
classification of the conventional 12-lead ECG.

Methods
ECG Data Files Used for Program Design and Testing

The data file used to design CIIS was composed of
the ECGs of 387 patients with myocardial infarction
and 320 subjects without clinical evidence of infarc-
tion (table 1). The criteria for infarction were based on
non-ECG evidence in the acute phase, including pro-
longed, typical cardiac ischemic chest pain not
relieved by nitroglycerin, and a peak CPK enzyme
level more than 85% above the upper normal limit for
the hospital. The noninfarct group consisted of 145
subjects with documented hypertension of over 1
year’s duration (diastolic pressure 90 mm Hg or
higher) but without any clinical evidence of myo-
cardial infarction and 175 ostensibly healthy subjects
with a normal blood pressure. The age range for the
patients with myocardial infarction was 30-76 years,
(median 58 years). The age range for the noninfarct
group was 19-75 (median 42 years).

The source data used in ECG analysis were com-
posed of digital tapes acquired at a sampling rate of
500 samples/sec per channel. The overall frequency
band of the data acquisition system was 0.05~-125 Hz
(lower and upper 3 db points).

Two-thirds of the ECG data file was randomly
assigned to the design (training) set and the remain-
ing thir( was retained to test the accuracy of the CIIS
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TABLE 1. Groups Used to Develop the Cardiac Infarction
Injury Score Classifier
Groups n
Myocardial infarction
Less than 1 week 151
One week to 1 month 39
One month to 1 year 105
More than 1 year 92
Total 387
Noninfarction
Hypertensive patients 145
Normal subjects 175
Total 320

classifier (table 2). After test results were obtained on
this independent test subgroup, the final refinement of
the thresholds and the determination of the
coefficients for the linear discriminant function were
performed using the whole data file.

The repeatability of the CIIS was tested in a
different group of 139 male subjects, ages 35-57 years,
in whom the ECG was rerecorded within 8 weeks from
the first ECG. These subjects had no clinical evidence
of myocardial infarction, but about one-third of them
had hypertension. These subjects were recalled for an
exercise test and had no clinical events in the interim
period. This test group was used to assess normal con-
fidence limits of CIIS changes (table 3) when coding
events signaling significant worsening of the ECG in
serial ECG comparison.

Statistical Methods
Feature Selection

The initial set of ECG features used to develop
CIIS contained a set of 32 logic criteria for myo-
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cardial infarction used in the Minnesota Code! and a
supplementary set of variables listed in table 4. Initial
test runs revealed, however, that both the features
used and the thresholds assigned to the Minnesota
Code variables were suboptimal and these features
rarely, if ever, entered into the best set of 14 for the in-
farction vs noninfarction classifier. Therefore, the
logic criteria of the Minnesota Code were rejected and
the search was limited to the variables listed in table 4.

The first 10 features of table 4 were used as both dis-
crete and continuous variables. The procedures used
for feature *discretization” have been described.’
These procedures aim at optimizing the threshold
selection either at binary (a single threshold) or ter-
nary level (high and low threshold) to maximize the
classification accuracy. The feature selection was done
by the conventional forward sequential selection
(“step-up’’) algorithm using the Mahalanobis dis-
tance* as the optimization criterion. In instances when
the binary and the ternary level ‘“‘discretization™
yielded equal performance, the lowest quantization
level (i.e., binary) was retained.

For calculation of the Mahalanobis distance and the
linear discriminant function, the Gauss-Jordan
method of matrix inversion described by Orden® was
used with double-precision (64-bit) arithmetic.

Selection of Lead and Format for CIIS

The CIIS was designed for the conventional 12-lead
ECG. For feature selection (such as the Q-wave
duration), two ‘“‘redundant” leads were also used: the
inverted aVy (—aVy) and the inverted aV, (—aV,)
lead. These inverted leads fall into a smooth, con-
tinuous logical pattern sequence within other conven-
tional frontal plane leads.® * The initial R waveinaV,
turned out to contain diagnostic information usually
ignored by current ECG classification criteria. This in-
formation is presented in a more familiar form asa Q
wave in the inverted lead —aV,. Similarly, the R and

TABLE 2. Diagnostic Accuracy of the Cardiac Infarction Injury Score Classifier

Design file Test file
SP SE Al Sp SE Al
Feature set (%) (%) (%) (%) (%) (%)
A. Discrete features 90 95 85 87 93 80
96 93 89 93 89 82
93 82 80 95 82 77
100 62 62 99 58 57
B. Continuous features 90 93 83 88 92 80
96 88 84 94 86 80
98 85 83 97 85 82
100 62 62 99 60 59
C. Mixed discrete and 90 97 87 89 94 83
continuous features 96 94 90 93 92 85
98 88 86 95 85 80
100 n 71 99 71 70

The classifier discriminant score was adjusted to yield a specificity of 90, 96, 98 and 100% in the design

set.

Al;b.re_viations:‘ SP = specificity (fraction of correctly classified true negatives [i.e., noninfarcts)); SE =
sensitivity (fraction of correctly classified true positives {i.e., infarcts]); Al = association index (SP + SE —

100)
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TABLE 3. Simplified Cardiac Infarction Injury Score (CI1S)
Classifier for Practical Visual Coding of Electrocardiograms

Com-
ponent Lead Feature Threshold score
1 aVp Q duration in seconds Q absent 5
(measured to near- 0.010 1
est threshold) 0.020 3
0.030 9
0.040 10
0.050 12
2 aVp T amplitude in mm If <05o0r 3
T negative add 2 =3
points for each mm 2
3 -aVy R amplitude in mm = -1 -R
R (subtract 1 point
for each mm)
4 -aVg T amplitude (positive 0 6
phase) in mm. Sub- 1 3
tract 2 additional 2 0
points for each mm 3 -2
exceeding 4 4 -5
5 II,aVg Largest Q:R ampli =>1/20 12
tude ratio
6 III, -aV| Largest Q durationin =0.040 5
seconds
7 1II T amplitude (negative >1 5
phase) in mm
8 V, T amplitude (positive >2 5
phase) in mm
9 V, R amplitude in mm <3or 5
=14
10 V, T amplitude (negative =1, 5
phase) in mm
11 V, Q:R amplitude ratio >1/20 9
12 Vi S amplitude in mm <2 5

The amplitudes are measured in standard millimeters (1
mm = 0.1mV). Absolute values of negative amplitudes are
used. The T amplitude (positive and negative phase) is
meastred as the absolute value of the largest deflection
above and below the PR baseline in a window spanning
from 80 msec after the end of QRS to the end of T (see
appendix).

CIIS severity levels: level A, CIIS 20, probable injury;
Jevel B, CIIS 15, possible injury; level C, CI1IS 10, borderline
abnormality.

T waves in —aVy appeared to improve the diagnostic
accuracy of the classifier.

In the course of the CIIS development efforts, it
also became apparent that the grouping of ECG leads
for the Minnesota Code and other clinical ECG
classification criteria is suboptimal. The same
thresholds and logic criteria are traditionally used for
diverse groups of leads, such as 1, aV,, V, (lateral), 11,
111, aVg (inferior) and V, to V, (anterior), even though
the directions of the lead vectors of the leads in each
group may differ widely. In the CIIS, only ECG leads
that had a spatial angle less than 20° between their
lead vectors were grouped together, i.e., I and V,, 11
and aVg, l1l and —aV,. The largest value of a given
amplitude and duration in each pair was chosen for
analysis. The remaining 7 leads were used individually
(avL' —avR’ Vh Vz» Vh \A and VB)

TABLE 4. Electrocardiographic Features used to Select
the Best Variables for the Cardiac Infarction Injury Score
Classifier .

Features measured from 10 leads or lead sets

Pt

. Q-wave duration

. Q-wave amplitude

. Q/R amplitude ratio

. R-wave amplitude

. S-wave amplitude

. R/S amplitude ratio

. J-point amplitude

. ST amplitude 80 msec past J point

W o 1 AW N

. T-wave amplitude
10. T/R amplitude ratio
Single measurements from frontal plane leads
11. QRS frontal plane axis
12. QRS duration
13. QT/RR interval ratio

Each of the first 10 features of table 4 were meas-
ured from 10 leads or lead groups, yielding 100
features. Features 11, 12 and 13 (table 4) increased
the total set of variables to 103. In the final refinement
of the CIIS classifier (table 5), positive and negative
portions of the T wave (whenever biphasic) were
treated as separate variables to simplify the logic for
visual coding.

Results

Extensive empirical studies during the development
of the CIIS indicated that the best feature subsets
were usually obtained when the feature selection was
done on the continuous rather than the discrete
features, particularly when a high level of specificity
was desired.® * Therefore, we chose the feature set for
CIlIS using the features listed in table 4 as continuous
variables. It turned out that the discrete features
chosen this way perform about as well as the con-
tinuous features (table 2). However, a further im-
provement at a high level of specificity is achieved by
using a combination of continuous and discrete
features (set C of table 2).

Table 5 gives the coefficients of the linear discrimi-
nant function for the CIIS with 15 combined discrete
and continuous features. Three of the features appear
both as continuous and discrete variables (1 and 10, 6
and 11, 8 and 12, respectively), because unequal, non-
linear weights in different feature regions can oc-
casionally improve classification accuracy.

Although continuous features are usually awkward
in visual ECG coding, the scoring scheme was
simplified by incorporating the four continuous
features within the structure of the discrete features
(table 3). There are 12 steps in this scoring scheme:
five involve T-wave measurements, four involve Q-
wave durations or Q:R amplitude ratios, two involve
the R-wave amplitude and one involves the S-wave
amplitude.
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TABLE 5. The Cardiac Infarction Injury Score Classifier with Eight Binary, Three Ternary and Four

Continuous Features

Quantization
Feature Lead level Weight
1. T amplitude (positive phase) (uV) -aVg Continuous -0.0262
2. Largest Q:R amplitude ratio II, aVg Binary 11.55 if = 0.18
0 if<0.18
3. Q:R amplitude ratio V3 Binary 8.46 if > 0.06
0 if<0.06
4. R amplitude (xV) -aVy Continuous -0.0093
5. S amplitude (uV) Vs Binary 5.50 if <183
6. T amplitude (negative phase) (V) aVy, Continuous 0.0244
7. R amplitude V2 Ternary 4.76 if <302
or > 1398
0 otherwise
8. Q duration (msec) aVy Ternary 4.83 if 0
or =28
0 otherwise
9. T amplitude (negative phase) (uV) I Binary 6.63 if > 98
0 otherwise
10. T amplitude (positive phase) (uV) -aVyg Binary 5.72 if < 146
0 if=146
11. T amplitude (positive phase) (uV) aVy Ternary 3.10 if <52
. or > 272
12. Q duration (msec) avy Continuous 0.1330
13. Largest Q duration (msec) III, aVy Binary 4.50 if =40
0 if<40
14. T positive amplitude (xV) v, Binary 3.91 if =240
0 if<240
15. T amplitude (negative phase) (uV) V, Binary 5.08 if =20
0 if<20

Each discrete (binary or ternary) feature contributes to the total score according to its weight for
specified ranges of feature values. The weight coefficient of a continuous feature is multiplied by its
measured value and the product is added to (or subtracted from) the score. The features are listed in the
order in which they were selected into the linear discriminant function in the sequential step-up procedure.

The T- and R-wave amplitudes of the inverted lead
—aVy played a surprisingly prominent role in selec-
tion of features for the CIIS classifier, always rank-
ing very high among the best features and their com-
binations in the linear discriminant. In table 5, the
features are listed in the order they were selected to
the best discriminating combination, whereas in table
3, the features are grouped according to the logical
sequence of frontal and horizontal plane leads.

CIIS Severity Levels

In practical applications, it is often desirable to
*discretize” the continuous index such as the CIIS at
two or three levels of confidence or the likelihood of
the abnormality. The severity levels for CIIS in table 3
were adjusted so that specificity levels of 90%, 96%
and 98% were consistently maintained both for the
design and the test sets. The validity of these limits
was further investigated in 139 subjects in whom the
recording was repeated within 8 weeks after the first
ECG, with no evidence of coronary events in the in-
terim period. A worsening of the CIIS exceeding 10
points was observed in 4% and a worsening exceeding
20 points in 1% of the subjects. It thus seems plausible
to propose these same CIIS severity levels at least ten-

tatively for coding of significant worsening of the ECG
in serial comparison of successive annually recorded
ECGs in clinical trials.

CIIS Performance According to the Age
and Location of Infarct .

We estimated the extent to which the accuracy of
the CIIS depends on the age and the anatomic loca-
tion of the infarct (table 6) and found that the age of
the infarct influences the accuracy less than expected.
The CIIS performs best on infarcts that are 1 week to
1 month old. However, even in patients whose infarct
is more than 1 year old, the sensitivity remains at 80%
for the 98% specificity level. The C1IS performance is
fairly uniform for lateral, anterior and posterior loca-
tions of the infarct. As expected, the performance is
worse whenever visual classification of the postevent
record regarding the location was uncertain.

Figure 1 is a sample ECG tracing illustrating the
CIIS coding procedure following the sequence of
items in table 3. More detailed guidelines are given in
appendix 1. Figure 2 is a second example of ECG

_ features contributing to CIIS in an old infarction

classified in the acute phase as posterior-diaphrag-
matic. : '
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FIGURE 1. A sample tracing illustrating
the Cardiac Infarction Injury Score. Fronial

plane leads are organized to facilitate visual

coding. The numbers with arrows indicate

various components (table 3) that contribute
to the total injury score. See appendix 1.

FIGURE 2. Features contributing 10 an ab-

normal Cardiac Infarction Injury Score in

old posterodiaphragmatic myocardial in-
farction. A Q wave in aVy contributes 12

points to the total score. Other contributions

come from aVy (absent Q, T less than 0.5

mm), —aVy (flat T), —aVy (Q greater than

40 msec), V, (positive Tj, V, (R amplitude

A 14 mm/j and V, (S amplitude less than 2

zzwr—7""£—m- ———y3 - %:v—’-w—--——-—————“-m-——hﬂ—- mm). The amplitude and time scales have
: - : g A e L been expanded (1 mV =20 mm and |
e e i e e T e second = 50 mm).
——— j,_;':._,,"‘.: ;:F’—. A S .
s F DO S IR i I N :.i.

Discussion

In this study, we show that the classification ac-
curacy of the conventional 12-lead ECG can be sub-
stantially improved by improved feature selection and

TABLE 6. The Sensitivity (%) of the Cardiac Infarction
Injury Score According to the Age and Location of the
Infarct

Age or location No.of CIIS=15 CIIS=20

of infarct subjects (%) (%)
Less than 1 week 102 95 85
One week to 1 month 57 100 100
One month to 1 year 109 89 80
More than 1 year 99 91 80
Lateral 23 95 90
Posterior/inferior 153 97 95
Anterior 122 98 95
Other* 110 75 60

*Location indeterminable from postevent records.

The age was determined from the onset of the acute
phase event. The location of the infarct was judged accord-
ing to the leads involved in the postevent ECG (lateral =1,
aV,, Vg posterior/inferior = II, I1I, aVg; anterior = V, to
V). The CIIS severity levels 15 and 20 correspond to the
estimated specificity of 95% and 98%, respectively.

CIIS = Cardiac Infarction Injury Score.

proper optimization of the thresholds of discrete
features. The results show that there are ECG features
with important diagnostic information for detection of
MI that are usually not used in conventional MI
criteria. Among these new features are small R and a
tall T wave in the inverted aVy lead, an absent Q in
aVy, a large T or a negative T in aV, a negative T in
111, a positive T in V, and a missing S wave in V,. The
relative contribution to CIIS by these features from
different leads probably depends on the location of the
injury, but should be studied further.

The CIIS differs fundamentally from other
classification schemes currently used in epidemiologic
and clinical applications. Most ECG criteria for myo-
cardial infarction, such as those contained in the
Minnesota Code! or the IBM ECG analysis program
developed by Bonner et al.,' are based on a sequen-
tial, Boolean-type decision tree. Such classification
schemes have become popular probably because they
are simple, and can be easily learned and adapted to
visual coding of ECGs.!* Optimization of a decision-
tree classifier is a difficult statistical problem* * and
unquestionably, the Minnesota Code and other
current ECG coding systems are far from optimal.

Like the Minnesota Code, the CIIS scheme uses a
set of binary and ternary criteria that can be applied in
succession step by step. However, unlike the
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Minnesota Code, the
“yes/no” decision at any given node of the decision
tree. Instead the outcome of each decision contributes
in a weighted proportion to the final score. This
decision-theoretic approach improves classification
stability. In test runs reported earlier,” incorrect
representatlon of one feature resulted m a change in
infarct/noninfarct classification on the average in

slightly over 10% of the records. In contrast, one error
at any node of a decision-tree classifier can easily lead
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to a complete misclassification.?

Unlike the commonly used decision-tree ECG
classifiers, which tend to favor unconditional yes/no
and infarct/noninfarct outcomes from classification,
the CIIS expresses the likelihood of an infarction on a
continuous scale. The continuous distributions of

NIIC {0 annh ctitdy oratin can imnrnve the ctatictical
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power of detecting differential trends in study popula-
tions, for instance, between treatment groups in
clinical heart disease intervention and prevention
trials. To simplify the use of CIIS, it may be helpful in
many practical applications to use the discrete
features of CIIS (table 3), which also apply for
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cnanges OI 11D in case of serial companson of annual

ECGs.
The CIIS belonos to a familv of stat
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classifiers sometimes characterized as decision-
theoretic. The best known decision-theoretic ECG
classification program is the Bayesian-type multi-
variate program developed by Pipberger et al.’ for
Frank-lead ECG. The decision-theoretic classifiers,
sometimes called second-generation ECG programs,“
have not gained widespread acceptance fora vai‘xﬁy of
reasons, even though theoretically they should im-
prove the accuracy of classification.’® Unquestionably,
the unfamiliarity of potential users with the Frank-
lead system and the vectorcardiographic features used
has delayed the acceptance of the second-generation
ECG programs. Conceptual difficulties encountered

Dy IHC ummudwu WIUI lﬂC prooaoulsuc nayesmn
statistical approach have confounded these problems,

particularly regarding proper use of prior proba-
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bxlmes, Wthh is mandatory for optimal classrﬁcatxon
The CIIS coding system combines the simplicity of
the first-generation ECG classification schemes with
the statistical power and stability achieved by the
second-generation ECG programs. These advantages
should facilitate the use and acceptance of CIIS.
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differs substantially from that in the Minnesota Code.
The Minnesota Code has three groups of leads: 1, aV,
and V,, 11, 11I and aVyg, and V, to V,. We found that
the statistical distributions of durations and ampli-
tudes of many ECG features could be considerably
narrowed both in the infarct and noninfarct groups by
avoiding combinations of leads that differ widely in

the orientation and strength of their lead vectors.
The dlagnostnc accuracy of a classification system
depends on the prcvalcncc of infarcts in the popula-
tion.'” Two groups of investigators can reach
marked!» different conclusions on diagnostic accuracy

of a classifier even when both groups use identical
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paradox can occur lf t ere are largc prevalence
differences in the populations from which the test
groups are chosen.!®

For a Bayesian-type second-generation computer-
ECG program, the classification accuracy can be max-
imized by matchmg the prior probabllmes to the ex-
pc(.u:u preva:enee of different conditions in the S‘pEC‘m\.
population in which the classifier is used. With the
CI1S scheme, an equivalent adjustment is achieved by
the use of graded severity levels. In clinical popula-
tions with a high prevalence of infarcts, a CIIS level of
10 acceptably classifies a given record as an infarct,
whereas in populations with a very low prcvalence of
infarcts, a CIiS ievei of 20 or higher score would be
more appropriate.
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Al Vo v D\tll-‘ul.l'll-l AV U\-Lv

tions in the test group with 95% specxﬁcny (1 e., 5%
false positives) and a 71% sensitivity with 99%
specificity is an encouraging sign of the practicality of
the CIIS,

We included the hypertensive patients with the nor-
mal subjects in the pooled noninfarct group because
hypertensive subjects are an important subgroup in
many clinical trials and epidemiologic studies. Hyper-

tensive subiects frequentlyv have ECG changes that
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may considerably complicate the design of a classifier
with high specificity and adequate sensitivity. The per-
formance of a classifier designed only to separate nor-
mal subjects from patients with infarcts is unrealistic
and misleading in a practical application.

It is not possible from the prescnt study to deter-
mine how well the CIIS can identify the anatomic
location of the infarct, because no ECG-independent
data on the laocation were available from the acute
phase. The division into three groups according to the
location was made arbitrarily from the postevent
rather than from the acute phase record. An investiga-
tion is needed to examine how the different CIIS com-
ponents from different jeads or iead groups can best be
used to identify the location of the infarct.

Phnncn'qg electrocardinoeranhic
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tino mvaca rr' ard.
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recardine  tech-
recorgding  teeh

nology can significantly alter the validity of any ECG
criteria for myocardial infarction; for instance, by
altering the width of the baseline of paper tracings
used for visual ECG coding.' This fact must be con-
sidered when using the CIIS scheme, even though it
should prove relatively resistam to minor aberrations
in the ﬁdcuty or quauty of the records.

Appendix 1 presents detailed practical considera-
tions regarding the definitions, measurement and cod-
ing rules for CIIS. Perhaps the most significant depar-
ture from the Minnesota Code is that the amplitude
threshold for **codable” waves is 25 4V instead of 100
#V. The measurement rules for CIIS call foLr a

syswmdlic us¢ oI tne ma)omy rule when beai-to-beat
deviations are observed in the quantities measured. In

computer-based coding, a representative complex

SLINPpLISI=lasts ORI @ avpiwShanaLl SCLILIPICA

derived on the basis of selecuve averaging or a median
value of the values measured from normally con-
ducted complexes offers an effective alternative.

All amplitude measurements for CIIS are per-
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formed with respect to the PR baseline. The scoring
criteria may not be valid if TP baseline is used. In our
experience, there are many ambiguities in the
Minnesota Code definitions for ST- and T-wave meas-
urements. To avoid these logistic problems in ECG
coding, the CIIS defines T-wave amplitudes, for its
positive and negative phase, as the absolute values of
the largest positive and negative deflections in a win-
dow extending from 80 msec after the end of QRS to
the end of T. This definition is easy to implement for
visual and computer coding, and refiects the contribu-
tion of ST to the CIIS in the acute phase of infarction
when the distinction between ST and T becomes
obscure.

The CIIS coding scheme is being evaluated in
several large clinical trials to determine its prognostic
value and its value in detecting differential trends in
treatment groups as a quantitative measure of the
effectiveness of intervention. Initial test runs with the
visual CIIS coding scheme indicate that with
relatively little practice, a technician can code more
than 20 ECGs an hour by using a printed coding sheet
containing a checklist of CIIS items.
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Appendix
Measurement and Coding Guidelines for the
Cardiac Infarction Injury Score

General Considerations

The writing characteristics of the direct-writing electrocardio-
graph can substantially influence electrocardiographic measure-
ments.'® Of particular concern is the baseline width with pressurized
ink recorders, which can produce a bias in ECG wave durations.
The baseline width produced by a round recording stylus of uniform
thickness should be less than 0.2 mm if a paper speed of 50 m/sec is
used.! The clectrocardiograph should meet the minimal specifica-
tions established by the ECG committee of the American Heart
Association.®

The measurement and coding rules specified here differ from
commonly used conventions such as thosc established for the
Minnesota Code.™ ® For CIIS, “‘codable” waves are defined using a
higher resolution than in the past. In general, a wave with an
amplitude 25 uV (0.025 mV) or more is recognized as a codable
wave. Microprocessors and computers are increasingly used for
ECG acquisition and preprocessing and it would be feasible to
provide, even for visual coding, a display format with much better
resolution than 25 V. However, because the standardization of the
voltage scale at 10 mm for 1 mV is still common practice, the 25-uV
threshold corresponding to % mm on the conventional ECG scale
seems a practical compromise at this time.

Another difference is that the CIIS scheme follows the majority
rule with exceptions. Complexes with artifacts or excessive noise in-
terfering with measurement are omitted from consideration regard-
ing the majority rule, If computer preprocessing or totally
automated processing facilities are available, a suitable alternative
for the majority rule is the use of the median value of measure-
ments done e 2 beat-bv-beat basis, or a representative averaged
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complex derived after clustering of all complexes found for a given
lead or lead group, foliowed by alignment and selective averaging of
complexes.®

The CIIS coding scheme is not hierarchical like the Minnesota
Code. This implies that each of the 1S components of the CIIS is
evaluated separately and independently. All ECG interval mea-
surements and identification of time reference points, such as the
beginning and the end of the QRS complex, should be performed
from at least three simultaneously recorded, time-coherent ECGs.

Definition of Codabie Waves

The reference potential or the baseline for all amplitude meas-
urements without exception is the PR segment immediately preced-
ing the earliest part of the QRS complex.

First wave within the QRS complex is the earliest defiection,
positive or negative, 25 uV or more in amplitude regardless of its
duration.

The first wave is an initia/ R wave if it is positive, and a Q wave if
it is negative. (For CIIS coding, no distinction is made between Q
and QS waves).

Second wave within QRS is a deflection exceeding 25 pV in
amplitude with a sign opposite to that of the first wave within QRS.
Subsequent waves within QRS, positive and negative, with alter-
nating signs, are defined similarly.

" R amplitude is the amplitude of the highest positive wave within
QRS.

§ amplitude is the absolute value of the most negative wave
within the QRS after an R wave.

OR ratio is measured as the ratio of the absolute amplitudes of Q
and R waves. A pattern with a8 QS wave is considered to have an in-
finite QR ratio.

J amplitude is the signed value of the ST segment at the end of the
QRS complex.

ST amplitude is the signed value of the ST segment 80 msec past
the end of the QRS complex.

Positive T amplitude is the highest amplitude of the positive por-
tion of the ST-T complex measured in the window extending from
80 msec past the J point to the end of the T wave,

Negative T amplitude is the absolute value of the most negative
part of the ST-T complex measured in the window 80 msec past the
J point to the end of the T wave,

The sample tracing in figure 1 illustrates various steps involved in
CIIS following the sequence given in table 3.

(1) Q wave duration in lead aV,. Measure Q wave duration to
nearest 10 msec. In this record, the Q duration is 20 msec. Check 3
points on the coding form of table 3. The absence of the Q wave in
aV, scores 5 points (i.e., no initial negative deflection % mm or
more in amplitude.
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(2) T-wave amplitude in aV,. Three points are added to the score
if no positive portion of the T wave is 0.5 mm or more or if any por-
tion of the T wave is 3 mm or more. The time window for measure-
ment of T amplitude extends from 80 msec past the end of QRS (4
mm at a paper speed of 50 mm/second) to the end of the T wave. In
the sample tracing (fig. 1), the T wave is flat, i.e., less than 0.5 mm.
The score is 3 points. (If the T in aV,_ were negative, 2 more points
would be added to the score for each millimeter of negative
amplitude.)

(3) R amplitude in the inveried aVy lead. In the conventional aVg
lead, this item can be measured as the amplitude of the most
negative deflection within QRS complex {a Q, S or QS wave). One
point is subtracted for each millimeter of R-wave amplitude in the
inverted aVy lead (—8Vy) in our sample tracing the R wave is 10
mm, and 10 points are subtracted from the score.

(4) T amplitude (positive phase) in —aVy. A flat or small T wave
in —aVp lead adds to the score and a tall T wave subtracts from the
score. In our case, the most positive defiection in the T window is
clearly less than 0.5 mm, and six points are added. If the conven-
tional (noninverted) aVy lead is used, the absolute amplitude of the
negative portion of the T wave is measured under this item.

(5) Q:S amplitude ratio in leads 11 and aVy. A Q wave 5% or
more of the R wave in either lead adds 12 points to the score. In our
sample record, the R wave is clearly less than 20 times the Q-wave
amplitude. Score 12 points.

(5) Q-wave duration in leads 1] and —aVy. A 40-msec or larger
Q wave in either lead scores 5 points. The initial R wave (% mm or
more) in the lead aV, is identical to the Q wave in the —aV, lead.
There is no Q wave in lead 111 and there is no initial R wave in aVy,
50 no points are scored.

(7) T-wave amplitude in lead I11. If any portion of the T-wave
measurement window is more negative than 1 mm, 5 points are
scored. In figure 1, no points can be attributed to this item.

(8) T amplitude in lead V,. A positive portion of the T wave (at
any point 80 msec past the end of QRS) exceeding 2 mm adds §
points to the score.

(9) R amplitude in lead V,. A small or absent R wave (<3 mm)
or a tall R wave (214 mm) contributes 5 points. In figure | thercisa
QS in lead V,, which adds 5 points.

(10) T amplitude in lead Vy. Any negative T-wave segment con-
tributes S points. In figure 1 there is a biphasic (positive/negative) T
wave in lead V,. However, the negative portion is less than % mm
with respect to the PR baseline, so no points are scored.

(11) Q:R amplitude ratio in lead V;. A QS wave, or a Q wave
1/20 of the R wave, scores 9 points, as in figure 1.

(12) S amplitude in lead V,. A small (<2 mm) or absent S wave
in lead V, scores 5 points. The S amplitude in lead V, is clearly less
than 2 mm in figure 1 and scores 5 points.

The total score from all 12 components is 38 points (48 positive
and 10 negative points), and falls into ClIS severity level A.
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Ayocardial Infarction
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Evidence of past myocardial infarction is helpfulin
identifying patients at high risk for future heart
attack. Current criteria are insensitive, especially
if the MI is not extensive or transmural: ECG
changes observed may be only nonspecific. In
addition, a considerable portion of Mis may be
clinically silent. The CARDIAC INFARCTION IN-
JURY SCORE offers a new quantitative way of ex:
tracting diagnostic information that is often
overlooked in ECG interpretation. A simple ECG
coding form can determine the likelihood of Mi or
asignificant “worsening” of the ECG in serial ECG
comparison. This approach improves the sensitiv-
ity of Ml detection while retaining adequately high
specificity.

8 The poor reliability of clinical criteria for myocar-
dial infarction (MI) is due to several conditions (Table
1). The electrocardiogram is a fairly complex multidi-
mensional time function of electric potential differ-
ences. This poses conceptual problems, as for example
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in the selection of an optimal set of ECG features for
differential diagnosis.

Most physicians feel more comfortable dealing with
univariate or bivariate distributions of ECG measure-
ments from contrasting MI and non-MI populations.
This, perhaps, is the primary reason why many MI
criteria are based on thresholds set for univariate
distributions such as the Q-wave duration in lead I or
aVF.

Unfortunately there is nearly always a substantial
degree of overlap when univariate features are used for -
ECG classification. There are too many false negatives
or false positives, or both, depending on threshold
selection.

Despite recent advances in statistical and computer
methods, the selection of optimal features for ECG
classification remains a complicated statistical prob-
lem. The ostensibly trivial task of optimal threshold
selection when several ECG features or variables are
used simultaneously in an ECG classifier can also pre-
sent difhiculties. )

"~ When ECG classification is based on a single *‘yes or
no” decision (or a few sequential steps), one relatively
small measurement error may lead to misclassification.
Similarly, a small degree of biologic or technical varia-
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tion, such as electrode placement errors, can radically
influence the ECG classification.

FAST TAKE

Misclassification: When ECG classification is based
on a few sequential steps or there is some degree of
biologic or technical variation (e.g., error in electrode
ptacement), misclassification can easily result.
Infarctions in areas that do not involve the initial
sequence of ventricular excitation are often missed
because Ml has traditionally been diagnosed by
fooking for Q waves.

-Finally, because M1 has traditionally been diagnosed
by looking for Q waves, infarctions in areas that do not
involve the initial sequence of ventricular excitation
tend to be missed. The Cardiac Infarction Injury Score
(C11S) offers a new way of quantifying *‘non-specific’’
diagnostic information that is often overlooked in clini-
cal ECG interpretation.

The CIIS ECG Classifier

The CIIS classifier was developed from a data file con-
taining the ECGs of 387 MI patients and 320 persons
without infarction. Selection criteria for the MI group,

Table 1
Problams with Current MI Criteria

Mainly insensitive univariate features
Large overlap of Ml, non~M|.popuIations
Suboptimal thresholds

Overemphasis on Q waves

Vulnerable to biologiycal and technical
variation.

Table 2
Valuable ECG Features often Overlooked in
Diagnostic Interpretation

Absent Q wave in avL

Initial R-wave duration in avL

Small Sin avVR [or small Rin inverted aVR)
Negative T in §ll

Positive Tin V,

TallRin V,

Small SinV; and V;

_ Contirued onpage 179
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Fig. 1 A sample ECG for practice coding using the €IS coding form in Table 3. The
?mp!t!ude scale is expanded (20 mm = 1 mV) and the speed is 50 mm/sec. Note: -aVR is the
inverted aVR and -aVL is the inverled aVL lead.
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Table 3 L
ClIS Coding Form " _ _
: C imits/Score . " Uni Score
Qomponent Feature . 0 01 02 03 04 05 l.'l‘r.x‘:ts or
1 T oaat O O O O O 43g se o
Score 5 1 3 9 10 12 . ——
| <5 23
2a T Pos avVL D D mm
Score 3 3 —
. o 5 1 -2 3 4 5 _
2b T Neg aVL - O O 0 o g g mm.
: Score 1 . 2" 5 7 10 2 e
S 0 2 4 ‘& 8 W
3 R -aVR O 0O 0O 0 0O g mm
- " Score 0 -2 -4 -6 -8 -0
o 1. 2 3 4 -5
4 T Pos —aVvR O o g g g g -m
Score 6 -3 0 -_2 -5 -7 ———
. <% 2%
5 Q:R I, aVF _ O O
Score 0 12 ———
. <04 > .04
6 Q. -avL O 3 sec
- Score 0 5. - ——
. <1 21
7 T Neg Il -d O am
Score 0 -7 ——
A <2 >2 '
8 T Pos V, O mn
Score 0 —_—
<3 > 14
9 RV, 0 O mm
Score 5 5 ————
) <% 2%
10 T Neg V, O O mm
. Score 0 S —
< % >he
1 QR YV, { 0
Score 0 9
. 22 <2
12 SV, ] J mm
Score 0 5
Total Score _____ _

Definitions and CliS coding rules

1. All amplitude measurements are made with respectto PR 4. For CliS coding, QS qualifies {or a Q wave.
baseline at the beginning of QRS.

5. S wave: Largest negative dellection within QRS,
2. Q wave: Initial QRS deflection exceeding Ya mm it following a positive deflection exceeding
it is negative. . Ya mm.
3. Rwave: Largest positive deflection within QRS 6. T Pos: Largest positive ST-T amplitude within a
exceeding Y4 mm. if no R wave meets this window 80 msec past the end of QRS to
definition, QRS is labeled QS wave, theendof T.

174
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Szveiity Levels of the Ml Scare
The MI score is classified at three levels of
the likelihood of an MI;

1. Leve!l A: Ml score 20 or more, indicates
probeable injury, with an estimated specificity
of 98 per cent (i.e., 2 per cent false posmVes
expected).

2. Level B: Ml score 15 or more but less
than 20, indicates possible injury, with an
estimated specificity of 96 per cent.

3. Level C: Mi score 10 or moré but less
than 15, indicates a borderline abnormality,
with 90 per cent specificity.

The ClUIS Scoriing Procedura

The ECG in Fig. 1 is used here to illustrate the
CHS coding form shown in Table 3. Note that
the amplitude scale has been expanded two-
fold (i.e., 20 mm = 1 mV). The paper speed is
50 mm/sec. One averaged complex is shown
for each lead. The leads have been grouped
for convenience to follow the sequence of the

the logical order of the orientation of lead
vectors in the frontal plane from aVL through
IH. Note that the inverted lead aVR (- aVR)
falls between leads I and il.

Step 1. ,Q in aVL is absent. Score 5 points.

Step 2a. T Pos aVL: The largest positive STT
amplitude is less than 0.5 standardized mm.
Score 3 pomts

Step 2b T Neg avL: The largest negative
STT ampmude is 0 5 standardized mm. Score
1 point.

Step 3. 'R ~aVR: Rin inverted aVRis 2.5 .
standardized mm. This is closer 1o 2 than

4 mm, and the score is -2. Subtract 2 poams
from the total score.

Step 4. _T Pos —aVR: The largest posmve
arnpmude in inverted aVR is 0. Score 6 points.

12-step procedure. This sequence also follows -

and aVF. There is a Q wave in both leads.
Although exact amplitude measurement may
be difficult to read in Fig. 1, the Q:R amplitude
ratio measured from the origina! ECG is 3.
This exceeds the limit %. Score 12 points.

Step 6. Qll, —avL: There is a QS wave in lli
and inverted aVL, both exceeding 40 msec.
Score 5 points.

Step 7. T Neg lll: There is no negatwe sSTT
deflection in il exceeding 1 mm. Score 0.

Step 8. T Pos V,: There is a positive T wave
in V,. However, the largest positive STT ampli-
tude is 1.5 standardized mm, which is less
than the 2 mm limit given. Score 0.

Step 9. RV,: Ramplitude inV, about 5
standardized mm, which is more than 3 and
less than 14 mm, the abnormal limits gwen
Score 0. =~

Step70. T Neg Vs There is no negatwe STT
amplitude in V, exceeding ¥ mm. Score 0.

Step 11. Q:RV;: The Q wave in V; is over
0.5 mm and the R wave is 10 mm. 0 R ratno
exceeds Y,. Score 9 points.

Step 12.  8V,: S-wave amplitude in V, is 1
standardized mm. This is less than the 2mm
limit given. Score & pom.s

The total score is 44 points, which is far in
excess of the limit 20, or ClIS level A,
probable injury. ECG changes are relatively

“minor, with the exception of slightly negative
T waves in the left-sided leads and QS in V,
with 1 mm ST-segment elevation. There are no
‘diagnostic Q waves.

The patient died from a massive gzute
recurrent infarction 3 weeks after the ECG
‘was taken. This was confirmed on autopsy,
which also showed a recent nontransmural
septal infarction and a small right ventricutar
_aneurysm in the anterior wall near the border
of the left ventricle. This old septal infarction
probably is associated with the typical . .
enzyme changes that peaked 2 days after the
ECG in Fig. 1 was recorded.

Step 5. . Q:R I, aVF: Largest Q:R ratio in I} .

7. T Neg: Largest negative ST-T amplitude within a
. within a window 80 msec past the end of
QRS totheendof T.

8. ~aVR lead: Inverted unipolar aVR lead.

9. R -~avVR: R amplitude in inverted aVR. This is
equivalent to a Q, §, or QS amplitude in
ordinary avVR, whichever is largest.

Primary Cardiology June 1983

10. T pos -aVR. T pos amplitude in inverted aVR. This is
equal 1o T neg amplitude in ordinary aVR.
11. ~avl lead: (nverted unipolar avi.

12. Q-avl: Q duration in inverted aVL. This is equivalent
to initial R-wave duration in ordinary avL.

13. Absolute values of neqative waves are used for the limits
of criteria in Table 3.

Continued on page 179
175
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Contiruved frompege 172

seen at the Halifax Infirmary, were based on non-ECG
clinical evidence in the acute phase, including a peak
CPK enzyme level more than 85 per cent above the up-
per limit of normal. The non-MI group consisted of 145
subjects with sustained hypertension, but no clinical
evidence of MI, and 175 healthy subjects with normal
blood pressure.

The procedures used involved optimization of
thresholds for each variable, and an extensive search
for the best combination of variables for a linear dis-
criminant type ECG classifier. Whether any given vari-
able was more suitable for M1 classification as a contin-
uous variable (e.g., T amplitude) or a discrete variable
with one or two thresholds (e.g., R amplitude in V; < 3
mm or > 14 mm) was also determined. The specific sta-
tistical methods used are described in detail elsewhere
(Circulation 64:249, 1981).

“Hidden” Diagnostic Information

In the course of CI1S development, it has become obvi-
"ous that an abundance of usually ignored diagnosticin-
formation is contained in the 12-lead ECG (Table 2).
Lead aVR, forinstance, contributed significantly to Ml
detection. Although this may seem implausible at first,
if the inverted aVR is seen as a lead between leads 1 and
11 in the frontal plane, it can be readily understood that
a reduced R amplitude and a flat T wave in that lead is
indeed relevant in separating Mls from non-MIs.

FASTTAKE

The 12-Lead ECG: An abundance of diagnostic
Information is contained in the 12-lead ECG. M|
detection is significantly enhanced by lead aVR: a
reduced R amplitude and a flat T wave in this lead
can help discriminate between Mis and non-Mis.

A Qwaveinaninverted aVL lead also contributes in-
formation, as do other inferiorly oriented Jeads. This
information can be extracted from an ordinary aVL
lead by measuring the initial R wave duration.

M1 Scoring Procedure

Cardiac infarction scoring requires 12 observations on
9 leads (Table 3). At each step, the observer verifies
whether a given feature is present and then checks to see
if a given threshold (or thresholds) is exceeded; if so, the
appropriate box is marked on the coding sheet.

Three of the items on the criteria list in Table 3, com-

ponents 2b, 3, and 4, use measurements on a continu-
ous rather than a discretized scale, and the scoring
points depend on the measured value. For convenience,

Primary Cardiology June 1983

Tebhlz 4
Dizsnostic Accuracy of the ClIS Classitizrin
Docign enid Test Ssis.*

Design File Test File
Speciticity Sensitivity Specificity Sensitivity
(%) (%) (%) (%)

) 7 89 04
98 94 93 92
98 88 a5 85
100 71 a9 71

*The cutoff points of the score were chosen to yield a
specificity of 90, 68, and 100 per cent in the design file.

these continuous variables were discrete at six levels,
permitting enough accuracy for practical clinical appli-
cation. After checking all 12 ECG features individually,
the total Ml score is obtained by adding up the contrib-
utions of each component.

A relatively small subset of the features is usually ab-
normal and may be readily identified after one becomes
familiar with the features and thresholds used. It is still
recommended, however, that the 12-step sequence be
followed systematically to reduce the chance of human
error in ECG coding and interpretation.

FAST TAKE

Mi Scoring involves 12 observations on 9 leads. The
presence or absence of a given feature is verified at
each step and threshold measurements are checked.
The Ml score is made up of the sum of the individua!
components. The 12-step sequence should be
followed systematically to avoid possible errors in
ECG coding and interpretation.

CHUS Diagnostic Accuracy

One-third of the ECG data file mentioned earlier was
randomly chosen to test the diagnostic accuracy of the
CIIS classifier. This file was not used in designing the
classifier in order to avoid overestimating its accuracy.
Table 4 lists the per cent sensitivity of the CIIS in the
design and test files at various levels of specificity.
Performance evaluation in various subsets of the test
population suggests that CIIS accuracy is good and
relatively uniform regardless of the age and location of
theinfarct. 0
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ARIC COHORT
12 Lead Resting
ECG Coding Form
1D: D - r Acrostic: J
ECG Technician Code :
Type of visit: 1 0 Baseline Visit
ECG Coder No, @
2 0 Second Visit
Date ECG recorded at Field Center:
Day Month Year
Date sent to Minnesota Coding Center from Halifax:
g
Day Month Year
Date of coding:
Day Month Year
v Ts1 0
S - T Junction T ST AV t:: . le
Qand QS and Segment Wave |Segment Con- | Liar Miscella- Heart |P ; c
Patterns Depression Items |Elevation duc- ‘Con- neous Rate E‘P IE.
(1) 4x) (5X) (9.2) [R| tion | gyc. | Items (per fs.f el 2
Defect | tion minute) °
w23 [ va | | 23 vy n3aLi23 Vil g ot | 919 19 1y 8sobs::{o
Ve | F | Vs | ve | F | Vs |Ve|F|VsVe|Fivsix]iex)[tzx) | 11315 38 [ 0}

Specify:
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Comparison Rules for Simultaneously Evaluated ECGs

Event ECG
Minnesota Code
Q-Code Comparison Rule for Determining Significant Increase in ECG Pattern
1-1-1 Requires > 50% increase in event Q/R ratio or > 1 mm initial R-wave

amplitude decrease in event ECG compared with corresponding lead(s)
of baseline ECG.

1-1-2 Requires > 50% increase in event ECG Q/R ratio or > 1.5 mm initial
R-wave amplitude decrease in event ECG compared with corresponding
lead(s) of baseline ECG. New appearance of QS complex in event
leads to the left of V; when V; does not show change will also be
judged as significant increase.

1-1-3 Requires > 75% increase in lead aVL Q/R ratio of event ECG or > 1 mm initial
R-wave amplitude decrease in lead aVL of event ECG compared with lead
aVL of baseline ECG.

1-1-4 Requires > 50% increase in lead III Q/R ratio of event ECG or > 1 mm
initial R-wave amplitude decrease in lead III of event ECG compared with
lead III of baseline ECG.

1-1-5 Requires > 50% increase in lead aVF Q/R ratio of event ECG or > 1 mm initial
R-wave amplitude decrease in lead aVF of event ECG compared with lead aVF
of baseline ECG.

1-1-6 Requires > 1 mm decrease in event ECG initial R-wave amplitude in the
"lead to the left" compared with corresponding lead of baseline ECG.

1-1-7 Requires > 1 mm decrease in event ECG initial R-wave compared with
corresponding lead(s) of baseline ECG. If V5 is the only lead with:
2 1 mm decrease in initial R in event, there is no significant increase.

1-2-1 Requires > 50% increase in event ECG Q/R ratio or > 1 mm initial R-wave
amplitude decrease in event ECG compared with corresponding lead(s)
of baseline ECG.

1-2-2 Requires > 50% increase in event ECG Q/R ratio or > 1 mm initial

R-wave amplitude decrease in event ECG compared with corresponding
lead(s) of baseline ECG.

1-2-3 Requires > 1 mm decrease in event ECG initial R-wave amplitude compared
with corresponding lead(s) of baseline ECG.
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Page 2
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Event ECG

Minnesota Code
Q-Code Comparison Rule for Determining Significant Increase in ECG Pattern

1-2-4 Requires > 50% increase in lead III Q/R ratio of event ECG or > 1 mm

initial R-wave amplitude decrease in lead III of event ECG compared with
lead III of baseline ECG.

1-2-5 Requires > 50% increase in lead aVF Q/R ratio of event ECG or 2 1 mm initial

R-wave amplitude decrease in lead aVF of event ECG compared with lead aVF
of baseline ECG.

1-2-6 Requires > 75% increase in lead I1I Q/R ratio of event ECG plus the

in III  appearance of a codable and NEW Q-wave in aVF OR > 1 mm initial R-wave
amplitude decrease in lead 111 of event ECG plus the appearance of a codable
and NEW Q-wave in aVF compared with leads III and aVF of baseline ECG.

1-2-6 Requires > 75% increase in lead aVF Q/R ratio of event ECG or > 1 mm
in aVF initial R-wave amplitude decrease in lead aVF of event ECG compared
with lead aVF of baseline ECG.

1-2-7 Requires > 1 mm decrease in event ECG initial R-wave amplitude compared
: with corresponding lead(s) of baseline ECG.

1-2-8 Requires > 1 mm decrease in event ECG initial R-wave amplitude in the
"lead to the left" compared with corresponding lead of baseline ECG.

1-3-1 Requires > 50% increase in event ECG Q/R ratio or > 1 mm initial R-wave

amplitude decrease in event ECG compared with corresponding lead(s) of
baseline ECG.

1-3-2 Requires > 1 mm decrease in event ECG initial R-wave amplitude
compared with corresponding lead(s) of baseline ECG.

1-3-3 Requires > 50% increase in lead aVL Q/R ratio of event ECG or > 1 mm

initial R-wave amplitude decrease in lead aVL of event ECG compared
with lead aVL of baseline ECG.

1-3-4 Requires > 50% increase in lead III Q/R ratio of event ECG or > 1 mm
initial R-wave amplitude decrease in lead 11l of event ECG compared
with lead II1 of baseline ECG.

1-3-5 Requires > 50% increase in lead aVF Q/R ratio of event ECG or > 1 mm
initial R-wave amplitude decrease in lead aVF of event ECG compared with
lead aVF of baseline ECG.

1-3-6 Requires > 1 mm decrease in initial R-wave amplitude in both III and
aVF of event ECG compared with leads III and aVF of baseline ECG.
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Page 3

g A-52
ST Depression Code - Increase
4-1 Requires baseline record have no 4-1 or 4-2, and 4-1 appears in-event

ECG, OR there must be 100% AND > 1 mm change in event ECG ST segment
depression compared with corresponding lead(s) of baseline ECG.

4-2 Requires baseline record have no 4-1 or 4-2 or 4-3 codes, and 4-2 appears
in event ECG, OR there must be 50% AND > 1 mm change in event ECG ST
segment depression compared with corresponding lead(s) of baseline ECG.

-T-wave
Inversion Code~Increase

5-1 Requires baseline record have no 5-1 or 5-2 codes, and 5-1 appears in
event ECG, OR there must be a 100% AND 1 mm change in T-wave inversion
compared with corresponding lead(s) of baseline ECG.

5-2 Requires baseline record have no 5-1 or 5-2 or 5-3 code, and 5-2 appears in
event ECG, OR there must be a 50% AND 1 mm change in T-wave inversion
compared with corresponding lead(s) of baseline ECG.
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Page 5
A-53
ST Elevation
Code-Increase
9-2 Requires baseline record have no 9-2 code, and 9-2 appears in event ECG,

OR there must be 100% and 1 mm change in event ECG ST segment elevation
compared with corresponding lead(s) of baseline ECG.

Left Bundle
Branch Block
Code-Increase

7-1-1 Requires baseline record have no 7-1-1 and new 7-1-1 code appears in event

ECG with a QRS duration increased by 0.02 sec. in event ECG compared
with baseline ECG.

*Majority rule applies for all codes.

(Final pattern in baseline based on majority vs. final pattern in event based
on majority).
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ST Depression Code ~ Decrease
4-1 Requires event record have no 4-1 or 4-2, and 4-~1 appears in baseline

ECG, OR there must be 50% AND > 1 mm change in event ECG ST segment
depression compared with corresponding lead(s) of event ECG.

4-2 Requires event record have no 4-1 or 4-2 or 4-3 codes, and 4—~2 appears
in baseline ECG, OR there must be 50% AND > 1 mm change in baseline ECG ST
segment depression compared with corresponding lead(s) of event ECG.

T-wave
Inversion Code-Decrease

5-1 Requires event record have no 5-1 or 5-2 codes, and 5-1 appears in

baseline ECG, OR there must be a 50% AND 1 mm change in baseline T-
wave inversion compared with corresponding lead(s) of event ECG.

5-2 Requires event record have no 5-1 or 5-2 or 5-3 code, and 5-2 appears in
baseline ECG, OR there must be a 50% AND 1 mm change in baseline T-wave
inversion compared with corresponding lead(s) of event ECG.
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A-55
ST Elevation
Code-Decrease
9-2 Requires event record have no 9-2 code, and 9-2 appears in baseline ECG,

OR there must be 50% and 1 mm change in baseline ECG ST segment elevation
compared with corresponding lead(s) of event ECG.

Left Bundle
Branch Block
Code-Decrease

7-1-1 Requires event record have no 7-1-1 and new 7-1-1 code appears in baseline

ECG with a QRS duration increased by 0.02 sec. in baseline ECG compared
with event ECG. !

*Majority rule applies for all codes.

(Final pattern in event based on majority vs. final pattern in baseline based
on majority).
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Field Center Visit ECGs
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Appendix N
ARIC COHORT
Two Minute Rhythm Strip
ECG Coding Form
{iD: - Acrostic:

ECG Technician Code :

Type of visit: 1 O Baseline Visit

ECG Coder No, :

20 gecond Visit

Date ECG recorded at Field Center:

Day Month Year

Date sent to Minn, Coding Center from Field Center:

Day Month Year

Date of coding:

Day Month Year

T

[
. Heart € |i¢
Arrhythmias Ectopic Codes Coupling Rate h L
(8X) QT Interval R-R (per f E
Duration i o l{A]
2(3lal|5l6 bNM (m. SeC.) (m.m-) minute) 1R
xIxixix|x|svee]|ves beolc| TR |(msec) 9b8 10

Specify:
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PROTOTYPE

ARIC Hospital Surveillance ECG Classification ID:

First ECG [:] . Last ECG [:]. Last ECG of day 3 [:]. Date of ECG: / /

A. Check one: 1. ECG not classified because of a Suppregsion Pattern [:]
2. ECG not classified because Uncodable f:]
3. ECG classified below

B. Check one: Does ECG have 7-1-1 or 7—2-i? 1. NO [:], 2. YES [:]

. (specify,
C. Check one: (Look for 1. first, then 2.) see note below)
LEAD CHARACTERISTICS ALSO MUST HAVE
1 QS Pattern .-
1. [:] 1 or V6 Q@ =» 0.03 sec -
I or Vé Q => 0.02 sec Q/R ratio =» 1/3 in same beats
AVL0L . Q =» 0.04 sec R amp. => 3mn in same beats
"1 or V6 Q@ => 0.02 sec @/R ratio => 1/5 in same beats
2 [:] . AVL Q => 0.03 sec R amp. =»> 3mm in same beats
LY 6 e i e e e e e e e e e a e e e e e e e e e a .
3. D I AND AVL AND V6 -~ NONE OF THE ABOVE
D. Check one: (Look for 1. first, then 2.)
( II QS Pattern Eem
11 Q@ => 0.03 sec -
1. [:] II Q => 0.02 sec Q/R ratio =»> 1/3 in same beats
lead III Q => 0.04 sec Q => imm deep in majority in AVF
. AVF Q@ => 0.04 sec -
(11 Q => 0.02 sec G/R ratio =»> 1/5 in same beats
2. [:] lead III Q@ => 0.03 sec Q => 1mm deep in majority in AVF
lead III QS Pattern *QS Pattern in AVF
. AVF Q => 0.03 sec --
3. [:] I1 AND I1I AND AVF -- NONE OF THE ABOVE
E. Check one: (Look for 1. first, then 2.)
r V1 Q@ => 0.04 sec -
Vi QS Pattern QS Pattern in V2 AND V3 AND V4
Vi QS Pattern *QS Pattern in V2 AND V3
any of Q => 0.03 sec --
1 V2 - V5 Q@ =» 0.02 sec Q/R ratio =» 1/3 in same beats
1. [:] - Vi Initial R in maj. QS Pattern in V2
v2 any Initial R QS Pattern in V3
V3 any Initial R GS Pattern jin V4
V4 any Initial R QS Pattern in-V>
~ V5 any Initial R QS Pattern in V6
f_v1 QS Pattern *QS Pattern in V2
any of
vz - V§ Q@ =>» 0.02 sec @/R ratio =» 1/5 in same beats
- Vi Initial R » 2mm 23Initial R <= 2mm in V2 (Init. R's
2. [:]* v2 Initial R > 2mm ssInitial R <= 2mm in V3 in ALL
V3 Initial R » 2mm ¢:Initial R <= 2mm in V4 beats of
v4 Initial R » 2mm s2Initial R <= 2mm in V5 BOTH
VS Initial R » 2mm *3Tpnitial R <= 2mm in V6 leads.)
N e e e e e e e e e e e e e e e e e e e e e e e e e
3. D V1l AND V2 AND V3 AND V4 AND V5 -~ NONE OF THE ABOVE

* Do not look for this if ECG has 7-1-1 (Left Bundle Branch Block)}
2 Do not look for this if ECG has 7-1-1 OR 7-2-1 (Right BBB)
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ECG Technician Procedure Review
Checklist Form

This form is required for ECG technician certification, recert-
ification and quality control. It is to be completed by the ECG technician
training supervisor by observing the ECG technician taking an ECG
recording. The ECG recording should be done on a non-study individual.
Quality control observations should occur every three months.

The ECG training supervisor should not make any comments during the
recording. The steps outlined below should be done in the order indicated.

Any departure from this sequence should be noted in the comments section of
the form.

I. Identifying Information

1. Field Center:

2. ECG Technician: . Tech. No. _____

3. ECG Supervisor: Tech. No. _____




»

o

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Technician Procedure Review

Yes No

Subject asked to disrobe to the waist.

Subject instructed to lie on the record-

ing bed with arms relaxed at the sides.
Electrode areas wiped with alcohol.

V2 position correctly marked.

V1 position correctly marked.

E Point position correctly marked.

V6 position correctly marked using
chest square.

V4 position correctly marked using
tape measure.

V3 position correctly marked using
flexible ruler.

VS position correctly marked using
flexible ruler.

Limb leads correctly marked.

Electrode sites sanded with three
light strokes of the paper.

Electrodes placed with the tabs in
the correct positions.

Electrodes massaged in a small
circular motion. :

Appropriate leadwire clipped to
each electrode.

Participant information entered into
the MAC PC according to Appendix I.

Electrodes and leadwires checked.
Subject asked to relax and'keep still.

Electrodes on skin 2-5 minutes
before taking ECG.

()

(

)

A-61

Comments
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Yes No Comments

20. MAC PC display watched for error

messages. () ()
21. If error message(s):

Electrode contacts and leadwires

checked, display observed again. () ()
22. If display counts past 75:

Skin preparation and electrode

placement repeated with new electrodes. () ()
23. ECG tracing removed from the MAC PC. () ()
24. ECG tracing examined for baseline

drift, noise, 60-cycle interference

and muscle tremor. () ()
25. When technically inadequate, ECG

re-recorded until an acceptable

recording is achieved. () ()
26. Rhythm strip recorded immediately

after 12-lead ECG. () ()
27. Stop watch or watch with second hand

used to time two minutes. () ()
28. Starting time established for two

minute strip when the baseline is

stable. () ()
29. Electrodes removed and these areas

wiped. () ()
30. The strip folded accordion style. () ()
Review and Administrative Information
31. Overall assessment of performance:

EXcellent ........ .ttt ittt ()

€0 T T ( )

= T 0 o ()

e T o ()

32. Reasoné for assessment listed above:




Review and Administrative Information, Cont.
33. Results reviewed by the ECG technician and supervisor

a. Signature of ECG technician supervisor

b. Signature of ECG technician

34, Today's date. .. ... it ittt itteneneneenneenans / /

day mo. year

Please forward this form and other related materials to the Coordinating
Center.



Appendix R

1)

2)
3)
4)
5)
6)

8)
9)
10)
11)
12)
13)

14)
15)
'16)
17)
18)

19)
20)
21)
22)
23)
24)

e
!
i~

Editing Patient Name and ID

Place the data diskette, write-protect off., in the MAC 12 and power it
on.

Select the system menu with Shift/F1.

Press F2 to select DISK FUNCTIONS.

Press F2 to select EDIT FUNCTIONS.
Press F2 to select PATIENT DATA

Press [RTN] to start diskette read.

Press F2 [RTN] to SELECT BY FILE CONTENTS.

Press Fl1 [RTN] to Set Up Selection Parameters.

Press [RTN], do not select by Patient ID.

Press F1 [RTN] to select by Site.

Enter Site number (Field Center number) Press [RTN].
Press [RTN] when asked for Location, Cart and Confirmed.
The ID of the first quality control ECG for that Field
‘Center will appear.

Press F3 to select all ECGs from that Field Center.

The first QC ID will appear again.

Press [RTN] to start editing.

When the Last Name appears, edit it as required. Press [RTN]
When First Name appears, replace digit portion of ID with
new ID number. Press [RTN].

When ID appears, replace ID with new ID number.

Press F1 (OK).

Press F2, do not print the ECG.

The new data will be written on the diskette.

Edit the rest of the ECGs in the same way.

REMOVE THE DISKETTE AND SET WRITE-PROTECTION "ON".

ECGs will be deleted if transmitted with write-protection
off.
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Appendix S
Quality Control
Retransmission Documentation
Date of Retransmission (dd/mm/yy): __ __/__ __/—_ __
Original Retransmission
Name Name ID

———— s s s e s —— —— . v e o e et ——

—— . e et . e s — ————— e e ——
-—

—— e e s s —— — —— s e st it -~

BT Ep——
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Dec.
Appendix T A-66
‘ARIC
ECG CERTIFICATION
(To be filled in by Field Center)
ECG Technician Name: Number :

Field Center:

Date Certification Tracings Taken:

Date Tracings Sent to Coordinating Center:

Instructions:

Obtain three 12-lead resting ECGs and two-minute rhythm strips as
specified in the ARIC ECG Procedures. Write the Technician name on the
ECG, the Technician number must be printed by the MAC PC next to the
word Room.

Send the ECGs, rhythm strips and one copy of this form to the ARIC
Coordinating Center. Tracings will be forwarded to the ECG Coding Center
for certification. Notification of the technician's certification status
is made by the Coordinating Center upon receipt of this completed form
from the ECG Coding Center.

(To be filled in be Coordinating Center)
Date Tracings and Form Received

by Coordinating Center:

Date Tracings sent to ECG Coding Center:

(To be filled in by ECG Coding Center)

Date Tracings Received:

Comments:

Certified Yes

Signature of Certifying Agent
No

Date

Date Sent to Coordinating Center:
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Procedures for MAU £C Calibration Check

ECG Coding Center Procedures

The Calibration Coordinator manages the sending and receiving of the
Marquette ECG simulator. Each ARIC Field Center receives the ARIC
simulator once every three months. The simulator is sent via Certified
Mail, return receipt requested.

Upon receiving a calibration ECG from a Field Center, the Calibration
Coordinator measures the waves required in the Calibration Check form
(Appendix V2). If there is wave distortion compared to the ECG taken at
the ECG Coding Center on February 20, 1987, the Calibration Coordinator
notifies the Coding Lab Supervisor. The Coding Lab Supervisor contacts
the Field Center about appropriate action.

The Calibration Coordinator enters the data and graphs comparisons of
wave height at the end of every calandar gquarter. These results are
sent to the Coordinating Center.

ARIC Field Center Procedures

Within two days of receiving the sumulator, take one noise-free 12-lead
ECG following the instructions below.

Instructions for taking a 12-lead ECG using the Marquette ECG Simulator:

1. Make sure the ECG Simulator switch is above "off" unless actually in
use. Leaving it "on" drains the battery.

2. Check the battery: push the switch to "test". The yellow light
should go on. If it doesn't, unscrew the back of the simulator and
replace the o0ld battery with the new battery included in the mail-
ing.

3. Remove the adaptor wires (clips) from the lead wire plugs.

4. Plug each lead wire into the simulator in its proper hole.

5. Turn the Heart Rate knob all the way to the left so the white line
is at the number 68 (as in 'beats per minute'). Don't try to line
up the line with the dot, Jjust turn it all the way left.

&. Press F1 (Patinfo).

7. For Last Name: CALIBRATION TEST.

8. For First Name: Site Number

(MN = 5, NC = 6, MD = 7, MS = 8)
9. For 1D number put Technician 1D.
10. Press Return.
11. Press the STOP symbol when it asks for Reffered by:
12. Now the screen is back to the Main Menu.
13. Turn on the ECG Simulator or else you will get a flat line!
14. Press the 12-lead Record key. Machine will take, print and store
an ECG.
15. Turn off the ECG Simulator.
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ARIC Field Center Procedures (continued)

If you have trouble getting a noise-free ECG, try twisting the plugs in
their holes and take another ECG. Otherwise, there might be some-
thing wrong with your Acquisition Module (the white box with all
the lead wires coming out of it).

Phone the Coding Center and we will send you our Acquisition Module.

Try taking another ECG using out module.

c. If the tracing is better, contact Marquette about replacing your

module.

d. If you are still getting lots of noise, take the appropriate steps

to have your machine serviced..

oo

Do not take a 2-minute rhythm strip using the simulator.

Transmit the Calibration ECG with your next batch to Halifax. Delete it
upon confirmation.

Return the simulator and ONLY ONE 12-lead ECG (the best one if you took
more than one) immediately via Certified Mail, return receipt re-
~quested to:
Mr. Lowell Hedguist : (Please pack
ECG Coding Center ' the simulator
Stadium Gate 27 : very carefully!)
- 611 Beacon St. S.E.
Minneapolis, MN 55455
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Ma ~cuette ECG Simulator Measurements A-69

Study:

Location of Clinic: . Date of ECG:

Type of Electrocardiograph

Simulator used: ARIC TOMHS
PAPER SPEED:

Overall: Measure from the peak of the R of the first complete R-wave in
Lead I to the peak of the 6th R-wave, (5 intervals).

mm / S intervals = =
mm / interval overall HR

Short Term: Measure interval between first and second complete R-waves.

mm =
ist inte;val Short Term HR

PR Duration: Measure the PR duration of 3 beats in Lead 11
to the nearest 0.25 mm.

+ + / 3 = average PR duration

'OLTAGE CALIBRATION:

Measure the last 3 complete waves of the lead in question. If

chere are only 2 complete waves then divide by 2, instead of 3, to get
the average. The beats thems?lves do not have to be complete.

R-wave in I: + + /3= ______

R-wave in II: + + /3=

R-wave in III: + + /3=

Calibration: + + / 3 = ______

T-wave in II: + + / 3= ______

S-wave in Vi: + + / 3 =

FREQUENCY RESPONSE:

Compare closely with the ECG taken by the same simulator on the
Floater MAC PC on Feb. 20, 1987.
Note especially ST segment distortion.

Satisfactory? YES NO

-If NO show to Dr. Prineas or Dr. Crow.

Comment:

'87
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Appendix V

Definitions of Electrocardiographic Criteria

The ECG series is assigned the highest category for which criteria are met,
i.e., Evolving Diagnostic ECG patterns are greater than Diagnostic ECG
patterns are greater than Evolving ST-T patterns are greater than Equivocal
ECG patterns are greater than Other are greater than Uncodable.

Evolving ECG Patterns (Evolving Diagnostic and Evolving ST-T):

A. Two or more recordings are needed for these classifications.

B. Changes must occur within lead groups i.e., lateral (I,aVL,V6),
inferior (II,III,aVF), or anterior (V1-V5).

C. Changes must be confirmed for all codes by Serial ECG comparison,
Example:

reference ECG: 1-3-4 4-0 5-0 .9-0

follow-up ECG: 1-2-4 4-0 5-2 9-0

Serial ECG Pattern:

Comparison: Inc. -- Inc. --  ED3 (Evolving Diagnostic)
No Inc. -- Inc. --  EV3 (Evolving ST-T)
Inc. -- No Inc. -- D1 (Diagnostic ECG)
No Inc. -- No Inc. -- D1 (Diagnostic ECG)

To be considered Evolving Diagnostic (pattern ED3) both the 1-2-4
and the 5-2 must be determined to be Significant Increase by
Serial Change rules. If the 1-2-4 change is not Significant
Increase and the 5-2 change is Significant Increase, then the
change would fit Evolving ST-T (pattern EV3). If the 5-2 change
is not Significant Increase, then the pattern would be Diagnostic
ECG (pattern D1) because of the 1-2-4, regardless of whether or
not the 1-2-4 change is Significant Increase. The complexity of
this algorithm precludes determination by Minnesota Coders.
Determination is made by computer algorithm.

D. The reference ECG for Cohort Field Center Visits is the ECG taken
during the first visit. The reference ECG for Cohort Hospital
ECGs or Surveillance Hospital ECGs is the earliest ECG of that
hospitalization.

E. Serial ECG Significant Decrease is determined only for cohort
hospital ECGs and only for 4-, 5- and 9-2 codes.

Evolving Diagnostic ECG:

ED1. No Q-code in reference ECG followed by a record with a Diagnostic
Q-code (Minn. code 1-1-1 through 1-2-5 plus 1-2-7) OR any code 1-3-x
in reference ECG followed by a record with any code 1-1-x.

ED2. An Equivocal Q-code (Minn. code 1-2-8 or any 1-3 code) and no major
ST-segment depression in reference ECG followed by a record with a
Diagnostic Q-code PLUS a major ST-segment depression (Minn. code 4-1-x
or 4-2).

ED3. An Equivocal Q-code and no major T-wave inversion in reference ECG
followed by a record with a Diagnostic Q-code PLUS a major T-wave
inversion (Minn. code 5-1 or 5-2).



ED4.

EDS.

ED6.

ED7.

A-71

An Equivocal Q-code and no ST-segment elevation in reference ECG
followed by a record with a Diagnostic Q-code PLUS an ST segment
elevation (Minn. code 9-2).

No Q-code and neither 4-1-x nor 4-2 in reference ECG followed by a
record with an Equivocal Q-code PLUS 4-1-x or 4-2.

No Q-code and neither 5-1 nor 5-2 in reference ECG followed by a
record with an Equivocal Q-code PLUS a 5-1 or 5-2.

No Q-code and no 9-2 in reference ECG followed by a record with an
Equivocal Q-code PLUS a 9-2.

Evolving ST-T Pattern:

EV1.

EV2.

EV3.

EV4.

EVS5.

Either 4-0 (no 4-code), 4-4 or 4-3 in reference ECG followed by a
record with 4-2 or 4-1-2 or 4-1-1 (confirmed by Significant Increase)
OR, for hospital ECGs only, 4-2, 4-1-2 or 4-1-1 in reference ECG
followed by a record with 4-0, 4-4 or 4-3 (confirmed by Significant
Decrease),

PLUS

either no Q-code in both the reference ECG and the follow-up ECG OR
Q-code(s) present in reference ECG or follow-up ECG but no Significant
Increase found.

Either 4-2 or 4-1-2 in reference ECG followed by a record with 4-1-1
(confirmed by Significant Increase) OR, for hospital ECGs only, 4-1-1
in reference ECG followed by a record with 4-2 or 4-1-2 (confirmed by
Significant Decrease),

PLUS

either no Q-code in both the reference ECG and the follow-up ECG OR
Q-code(s) present in reference ECG or follow-up ECG but no Significant
Increase found.

Either 5-0, 5-4 or 5-3 in reference ECG followed by a record with 5-2
or 5-1 (confirmed by Significant Increase) OR, for hospital ECGs only,
5-2 or 5-1 in reference ECG followed by a record with 5-0, 5-4 or 5-3
(confirmed by Significant Decrease),

PLUS

either no Q-code in both the reference ECG and the follow-up ECG OR
Q-code(s) present in reference ECG or follow-up ECG but no Significant
Increase found.

Code 5-2 in reference ECG followed by a record with 5-1 (confirmed by
Significant Increase) OR, for hospital ECGs only, 5-1 in reference ECG
followed by a record with 5-2 (confirmed by Significant Decrease),
PLUS

either no Q-code in both the reference ECG and the follow-up ECG OR
Q-code(s) present in reference ECG or follow-up ECG but no Significant
Increase found.

Code 9-0 in reference ECG followed by a record with 9-2 (confirmed by
Significant Increase) OR 9-2 in reference ECG followed by a record
with 9-0 (confirmed by Significant Decrease),

PLUS
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either no Q-code in both the reference ECG and the follow-up ECG OR
Q-code(s) present in reference ECG or follow-up ECG but no Significant
Increase found.

Diagnostic ECG:
(any ECG may be used for this classification)

Dl. An ECG record with any Diagnostic Q-code (Minn. code 1-1-1 through
1-2-5 plus 1-2-7).

D2. An ECG record with ST-segment elevation code 9-2 PLUS T-wave inversion
code 5-1 or 5-2.

Equivocal ECG:
(any ECG may be used for this classification)

El. An ECG record with an Equivocal Q-code (Minn. code 1-2-8 or any 1-3
code).

- E2. An ECG record with ST-segment depression code 4-1-x or 4-2 or 4-3.
E3. An ECG record with T-wave inversion code 5-1 or 5-2 or 5-3.

E4. An ECG record with ST-segment elevation code 9-2.

Other ECG:

01. Reference ECG coded 7-1-1, 7-2-1, or 7-4.

02. Any ECG coded 7-1-1, 7-2-1, or 7-4.

03. Normal ECG(s).

04. Other findings including.1-2-6.

Uncodable ECG:

Ul. Technical errors coded 9-8-1 by Minnesota Code.
Absent ECG:

Al. No ECG available for coding.
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BASELINE ECG EVENT ECG
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18. Minnesota Code 1-2-7
Baseline ECG shows initial R-waves V,-V;. Event ECG shows QS pattern V,~V;, making a 1-2-7 code. Signifi-
cant ECG pattern change IS confirmed because > 1| mm R-wave amplitude decrease occurs between the ECGs in
leads Vl-V).

BASELINE ECG EVENT ECG

19. Minnesota Code 1-2-7
Baseline ECG shows small initial R-waves in V; and V,. Event ECG shows QS pattern V,-V;, making a 1-2-7
code. Significant ECG pattern change 1S NOT confirmed because < 1 mm R-wave amplitude decrease occurs
between the ECGs in V,. (Note majority of initial R-waves in V; at baseline are < 1 mm.)



THE UNIVERSITY OF NORTH CAROLINA
AT
CHAPEL HILL

sborative Studies Coordinating Center CB# 8030, Suite 203, NCNB Plaza

Deparument of Biostatistics The University of North Carolins at Chapel Hill
Chapel Hill, NC. 275144143

MEMORANDUM

TO: ARIC Principal Investigators, Study and Data Coordinators
FROM: ARIC Coordinating Center
DATE: July 15, 1988

SUBJECT: Replacement pages for ARIC Manual 5, Version 1.1

For the above named manual, please replace the title page and the page(s)
which are listed on the Revision Log with the enclosed material. Following
the instructions in the Revision Log, remove the outdated page(s) in your
current manual, file it (them) for future reference, and insert the enclosed
pages. To assist you in keeping a permanent record of all procedural changes
that are implemented during the study, the footer of each page in the manual
is updated to reflect the date the Steering Committee approved the revision
and the manual's new version number.

The following changes (typed in CAPS) have been made to Version 1.0.
APPENDIX B. MAC PC ENTRY INFORMATION NEEDED FOR EACH PARTICIPANT.

Page 1. Entry procedures for TOMHS were deleted.

Page 2. Entry procedures for TOMHS were deleted.
RACE: DO NOT LEAVE BLANK. INDICATE RACE.

APPENDIX Q. ECG TECHNICIAN PROCEDURE REVIEW.
Page 1. Two questions were added.
4. Date: __/__/__ (Month/day/year)
S. Quarter: __ January __ April __ July __ October
Pages 2 and 3. The numbering of the questiéns were changed, several questions

were revised or added (see below) and questions 31 (Overall assessment of
performance) and 32 (Reasons for assessment listed above) were deleted.

009:manSnew.mmo:7/14/88:ccp



1. Subject asked to disrobe to waist only IF BACK-OPENING GOWN WORN.
3. LIMB LEADS CORRECTLY MARKED.

4. Electrode areas wiped with alcohol, THEN WITH A GAUZE PAD.

5. LIMB ELECTRODES PLACED WITH THE TABS IN THE CORRECT POSITION.

6. ELECTRODES MASSAGED IN A SMALL CIRCULAR MOTION.

11. E POINT TO V6 MEASURED WITH TAPE MEASURE AND NOTED ON SCRATCH PAPER.

15. ELECTRODES APPLIED AS IN STEPS 3-6.

23. IF DISPLAY COUNTS PAST 45: REPEAT SKIN PREPARATION USING 2 STROKES
WITH FINE SANDPAPER. REPLACE WITH NEW ELECTRODES.

Page 4. Questions originally on page 4 were moved to page 3.

009:man5new.mmo:7/14/88:ccp

e e —



_ Atherosclerosis Risk in Communities Study Protocol
Manual 5

Electrocardiography

For Copies, Please Contact
ARIC Coordinating Center
Department of Biostatistics (CSCC)
CBi#f 8030
Suite 203, NCNB Plaza
137 E. Franklin Street
Chapel Hill, NC 27514

Version 1.0: August, 1987
Version 1.1: June 1, 1988
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Page 1 of 2 A-12

MAC PC ENTRY INFORMATION NEEDED FOR EACH PARTICIPANT

After each entry - press return

Patlnfo Rhythm

# Task Vi+O+V5

25 mm/s 10 mm/mV 100 Hz

F1 Fi ¢] |R2 F2 ¢
1 2 3 4

P
5

Pt
6

1=}
)

Kt
8

F5 F5¢
9 0

New Patient:
Yes No

Patient, Last Name:
A to Z, Space, ', .

Patient, First Name:
A toZ, 0 to 9, Space,

b

y -

Patient ID:
Digits O to 9

Referred by
(Physician Name)

- Location Number:
0 to 99

Room Number:
Any 5 Characters

ARIC PROTOCOL 5. Electrocardiography.

Press either F1 or FIl.

This won't show up if the machine was just
turned on.

Press either Fl button if it is a new person.
Press either F2 button if you want to correct
an entry and/or take another ECG on the same
person.

Enter first 4 letters of Last Name:
examples: SMIT, JONE, HESS

Enter complete ID. : MI23456

Repeat digit portion of ID.: 123456

Leave blank.

Enter Contact Year (1,2,etc.)

Enter your Technician ID number.

VERSION 1.1 6/1/88



Weight:
0 to 999 1bs.

Sex:

Male Female

Race:

Cauc Black Oriental Hisp More
Medication:

None Unknown Clr+Add Add Scroll

MAC PC is now ready to take a 12-lead ECG

Follow directions on screen

Next take rhythm strip

ARIC PROTOCOL 5. Electrocardiography.

VERSION 2.2

Page 2 of 2 A-13
Ta tyna dach nvaecl A Ianﬂ - at the camc
10 Type dash press A ang at e same
time. Lal L

DD=Day (1-31)
MMM=LETTERS of month (JAN., FEB., etc.)
YY=Year (86, 87, etc.)

Put in E to V6 distance in cm.

Put in filter setting at 16.
Indicates sex, Press either F1 or F2.
DO NOT leave blank

Indicate Race

Leave blank

Mlz

Press 3

Press

6/1/88
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ARIC
ECG TECHNICIAN PROCEDURE REVIEW

This form is required for ECG technician certification, recertification and
quality control. It is to be completed by the ECG training supervisor by
observing the ECG technician taking an ECG recording. The ECG recording
should be done on a non-study individual. Quality control observations
should occur every three months.

The ECG training supervisor should not make any comments during the

recording. The steps outlined below should be done in the order indicated.

Any departure from this sequence should be noted in the comments section of
the form.

I. Identifying Information

1. Field Center:

2. ECG Technician: Tech. No.

3. ECG Supervisor: Tech. No.

4. Date: / / (Month/Day/Year)

5. Quarter: ____ January ___ April ___ July ___ October (19_ )

ARIC PROTOCOL 5. Electrocardiography. VERSION 1.1  6/1/88



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

ECG Technician Procedure Review (cont'd)

Subject asked to disrobe to waist only
if back-opening gown worn.

Subject instructed to lie on the record-
ing bed with arms relaxed at the sides.

Limb leads correctly marked.

Electrode areas wiped with alcohol, then
with a gauze pad.

Limb electrodes placed with the tabs in
the correct positions.

Electrodes massaged in a small circular
motion.

V2 position correctly marked.
V1 position correctly marked.
E Point position correctly marked.

V6 position correctly marked using chest
square.

E Point to V6 measured with tape measure
and noted on scratch paper.

V4 position correctly marked using tape
measure.

V3 position correctly marked using a
flexible ruler.

V5 position correctly marked using a
flexible ruler.

Electrodes applied as in steps 3-6.

Appropriate leadwire clipped to each
electrode.

Participant information entered into
the MAC PC according to Appendix 1.

Electrodes and leadwires checked.

Subject asked to relax, lie quietly.
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20.

24,

25.

26.

27.

28.

29.

30.

31.

32.

ECG Technician Procedure Review (cont'd)

Electrodes on skin 2-5 minutes before
taking ECG.

MAC PC display watched for error
messages.

If error message(s): Electrode contacts
and leadwires checked, display observed
again.

If display counts past 45: Repeat skin
preparation using 2 strokes with fine

sandpaper. Replace with new electrodes.

ECG tracing removed from the MAC PC.

ECG examined for baseline drift, noise

60-cycle interference and muscle tremor.

When technically inadequate, ECG
re-recorded until an acceptable
recording is achieved.

Rhythm strip recorded immediately after
12-1lead ECG.

Stop watch or watch with second hand
used to time two minutes.

Starting time established for two

minute strip when the baseline is stable.

Electrodes removed.

The strip folded accordion style.

(
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Results reviewed by the ECG technician and supervisor

a. Signature of ECG technician supervisor

b. Signature of ECG technician
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i) The machine will dial the phone and transmit each ECG.

j) Watch the display as each ECG is transmitted and check the IDs
on the Directory List. This way if a problem occurs, the ECG
involved can be identified.

k) After the last ECG to be transmitted is displayed, a message
indicating the number of ECGs that were transmitted vs. the
number you selected to transmit is displayed. If the numbers
are not the same, the problem ECGs will have been identified
on the Directory List. These can be re-transmitted using the
above steps.

1) Keep the Directory List available for confirmation from
Halifax via electronic mail the next morning.

1.11.2 Confirmation
Every morning the ECG Computer Center in Halifax notifies each field center
of the IDs received. Notification is by ARIC electronic mail di rectly to

. R
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the field center's personal computer. The mailing includes the I
and time of each ECG received on the previous evening.
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Compare the Directory List with the IDs of the mailing. If there is more
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that is not on the confirmation mailing, retransmit that ID immediately.

If there is an ID on the confirmation mailing that is not on your Directory
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List, notify Halifax of this through ARIC electronic mail.
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1.11.3 Deletion
To delete ECGs that have been received by Halifax:

1. From the Main Menu press the shift and Fl simultaneously to show the
system functions display.

2. Press the Storage (Fl) key to display the storage functions display.

3. Press the Delete (F4) key.

4, Patient data for the first ECG in memory will be displayed.

5. If confirmation from Halifax has been received, press the Delete (F1)
key, otherwise press the save (F2) key.

6. Each ECG in the Directory will be displayed. Press Delete or Save for

each one.
7. The machine will count the ECGs and the display will ask if you really
want to delete them. If you are sure you have selected only ECGs

confirmed by Halifax and/or bad quality ECGs, press Yes (F1), otherwise

press No (F2) and start over.
8. You may also press Quit (¥4) while any ID is being displayed if you
have made a mistake and nothing will be deleted.

Pl et
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2. CENTRAL ECG READING BASELINE ECGS

2.1 Resting 12-lead ECG

Reading of 12-lead ECGs by the Halifax ECG Computer Center includes the
Minnesota Code (1) (Appendix E) and the Performance Grade Level (Appendix
F). Every month Halifax sends these data for the ECGs received in the
previous month to the Coordinating Center on diskette (Appendix G). Wave
voltage and duration measurements also taken are detailed in Appendix H and
include U-wave measurement, the Dalhousie score for left ventricular mass
(Appendix I), and the Cardiac Infarction Injury Score (2) (Appendix J).
These data are reported at the end of the study.

All resting 12-lead ECG records with the computer-generated ECG findings
listed below, and at least a 107 random sample of the remaining ECGs are
visually coded at the Minneapolis ECG Reading Center by the full Minnesota
code. Minnesota Code criteria are in Appendix E. Results are recorded on
the ARIC Cohort 12-lead Resting ECG form (Appendix K), and entered into the
local computer database. Periodically, all records created or modified
since the previous shipment date are reformatted in conformity with the
ARIC Data Transfer Standard and shipped to the Coordinating Center on
diskette. The computer ECG codes which require visual coding include:

1 any l-code,

2 any 4-1, 4-2, 5-1 or 5-2 code,

3. any 9-2, 6-4, 7-1-1 or 7-2-1 code.
Adjudication:

The visual Minnesota Codes are sent to the Coordinating Center for
comparison with the computer-generated codes. Adjudication between the
visual code and the computer code is performed at the Minnesota Center
field-by-field by two electrocardiographers only on ECGs that have a
substantial discrepancy (see below) involving the following: (a) any l-code
except 1~2-8, (b) any 4-1 and 4-2, any 5-1 and 5-2, and (c) any 9-2, 6-4,
7-1-1 and 7-2-1. The Coordinating Center determines the IDs that have any
of these discrepancies and sends a report form to the Minnesota Coding
Center listing the ID, acrostic, date and time of ECG, the visual codes and
the computer codes. These ECGs are examined and the adjudicated codes are
recorded on a separate version of the 12-lead Resting ECG Form (Appendix K)
which is returned to the Coordinating Center. The Coding Center will only
report the results of adjudicating the specific variables on which
disagreement existed, and will not perform a complete recoding of the ECG.
The Coordinating Center adds the adjudicated codes to the data base as the
definitive Minnesota Codes for the IDs involved.

Criteria for Agreement:
The Halifax and Minneapolis ECG records will be considered to be in

agreement only if they meet the standards for substantial agreement in
their coding of each lead group for Q-waves, ST-depression, and T-waves.

ARIC PROTOCOL 5. Electrocardiography VERSION 1.2, September, 1989
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Q-codes: The two centers will be considered in substantial agreement if
within each lead group,

Both centers assign 1-1-x codes.
. Both centers assign 1-2-x codes.
Both centers assign 1-3-x codes.
Both centers assign no Q-code.

oI S

ST-depression:
Agree if within each lead group,
both code 4-1-x (either 4-1-1 or 4-1-2) or if
both code 4-2, or if
both have any other code
T-waves:
Agree if within each lead group both code 5-1,
or both code 5-2, or both have any other code.

ST-elevation:
Agree if within each lead group both code 9-2
or both code no 9-2 code.

Bundle Branch Block:
Agreement if both have assigned code 7-1-1 or both have assigned
7-2-1, or both centers have assigned no 7-1-1 code or 7-2-1 code.

Wolf-Parkinson-White:
Agreement if both assigned code 6-4 or both assigned no 6-code.

Study Data:

The computer assigned codes will be used as Study Data in all cases except
where adjudication results in a code different from the original Halifax
code. If the two centers disagree on "minor" codes (i.e., codes other than
those listed above), the Halifax reading prevails. Only for "major" codes
does the adjudicated reading prevail. Note that the adjudicated code could
disagree with both initial codes.

2.2 Two-minute Rhythm Strip

Rhythm strips are coded for arrhythmias on the ARIC Cohort Two Minute
Rhythm Strip ECG Coding form (see form Appendix N) at the Minnesota ECG

Coding Center. The rhythm strips are stored by field center and ID at the
Coding Center.

2.3 Visit Two ECGs

Visit two procedures are the same as for baseline ECGs with the exception
that baseline and visit two ECGs are compared and that no rhythm strip is
recorded. The procedure for the comparison is as follows.
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When two ECGs from different field center visits are available, a
determination is made. (To be described in the Visit 2 ECG manual.)

Simultaneous ECG comparison is based on the final Minnesota codes. Serial
ECG changes (significant increase, no increase or technical problem) are
also determined three times in the Minneapolis coding center; the final
categories are adjudicated by a senior coder and added to the ARIC
Minnesota Coding and Serial Change Field Center Visit Two ECG form
(Appendix M). Serial Change criteria are in Appendix L. These objective
rules for side-by-side ECG evaluation are used to determine whether a
Minnesota code change between ECG pairs is significant. The simultaneous
ECG evaluation procedure uses the first clinic visit ECG as the reference
ECG for comparison.

ARIC requires a Minnesota Code change plus agreement by simultaneous ECG
comparison before declaring that the ECG pattern change meets ARIC ECG
criteria for interim MI (see Appendix V).

A determination that an ARIC participant has had an MI, either prior to the
initial clinic visit or between visits, can be made on ECG evidence alone,
using the following criteria:

1. Prevalent MI at Baseline
Baseline ECG (initial cohort visit) coded:
a) any 1-1-X code
OR
b) any 1-2-X PLUS 4-1-1 or 4-1-2 or 4-2 or 5-1 or 5-2.

2. Interim MI Between Cohort Visits
An Evolving Diagnostic ECG Pattern (ED1 through ED7) between the
baseline ECG (initial cohort visit) and an ECG from a later cohort
visit confirmed by simultaneous ECG comparison.

2.4 Hospital ECGs for Cohort

Whenever hospital ECGs for cohort participants are obtained after the
baseline examination, photocopies of these records (masked at the field
center for all information except ID) are sent to the Coding Center and
coded by the Minnesota Code. ECGs are read three times, blinded: the final
codes are adjudicated by a senior coder. Minnesota Code criteria are in
Appendix E.

ECG's for ID's that fit the change criteria (i.e. any pattern ED1 through

ED7 or EV1 through EV5, defined above) are examined side-by-side for serial
change.

Simultaneous ECG comparison is performed on the final Minnesota codes using
the first ECG of the hospitalization as the reference. Serial ECG changes
are also determined three times, blinded. Serial change categories are:
significant increase, decrease (but not for Q-codes), no change (this
implies no increase for Q-codes) or technical problem. The final
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categories are adjudicated by a senior coder and added to the Minnesota
Coding and Serial Change Hospital ECG form (Appendix O). Serial Change
criteria are in Appendix L. These objective rules for side-by-side ECG
evaluation are used to determine whether a Minnesota code change between
ECG pairs is significant.

As an example, the ARIC protocol defines a new Minnesota code 1-2-7 as a
potential ischemic event. Persons with this severity of ECG change will
have simultaneous ECG comparison. The ECG comparison procedure (for this
case) requires a > lmm R-wave amplitude decrease between corresponding
leads of the reference and comparison ECGs. The criteria for 1-2~7 are QS
patterns in V1, V2, and V3. If the reference ECG has R-waves that are >
Imm tall in V1 or V2 or V3, then when comparing these ECGs side by side,
the R-waves in the reference ECG appear to decrease the appropriate amount
(at least Imm) and a "significant increase'" is noted on the Appendix O
form. If the reference ECG has R-waves < lmm tall, it cannot fulfill the
change criteria and "no change" is noted (see Appendix W).

ARIC requires a Minnesota Code change plus agreement by simultaneous ECG
comparison before declaring that the ECG pattern change meets ARIC criteria
for an evolving ECG diagnostic pattern.

The coded ECGs are transmitted to the Coordinating Center for storage in
the consolidated ARIC database and the ECGs are filed by field center and
ID at the Coding Center.

2.5 Community Surveillance ECGs

To be described in the Visit 2 ECG manual.
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