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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, 13 and 14. 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.

ARIC Study Protocols and Manuals of Operation

MANUAL TITLE
1 General Description and Study Managéﬁent
2 Cohort Component Procedures
3 Surveillance Component Procedures
4 Pulmonary Function Assessment - (Retired)
5 Electrocardiography
6 Ultrasound Assessment

a. Ultrasound Scanning

b. Ultrasound B-mode Image Reading Protocol

c. Distensibility Scanning Protocol - (Retired)
d. Distensibility Reading Protocol - (Retired)

7 Blood Collection and Processing

8 Lipid and Lipoprotein Determinations

9 Hemostasis Determinations

10 Clinical Chemistry Determinations - (Retired)
11 Sitting Blood Pressure

12 Quality Assurance and Quality Control

13 Magnetic Resonance Imaging

14 Retinal Photography

15 Echocardiography
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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 two-minute rhythm strip ECGs for every participant at
baseline visgit

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

2. Standard ECG or every participant at each follow-up visit

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

3. Hospital ECGs for participants hospitalized after their baseline
vigit

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 machine-coded ECG
Computing Center at the Bowman-Gray School of Medicine, Wake Forest
University, Winston~Salem, North Carolina (EPICARE). Wave voltage and
duration measurements are taken (including U-wave measurement and the
Dalhousie multivariable score for left ventricular mass, Appendix I) as
well as implementation of the Minnesota Code (1) (Appendix M) and the
Cardiac Injury Score (2) (Appendix K). All records with Minnesota Code
findings by the computer, as well as a random sample, are adjudicated at
the Minnesota ECG Coding Center in Minneapolis. Paper records are
generated and coded by the Minnesota ECG Coding Center.
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1. VISIT 3 ECGs

1.1 Iatroduction

At each follow-up visit, a standard supine l1l2-lead resting ECG is 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 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 1l2-lead resting ECG tracing is
obtained consisting of 10 seconds of each of the leads simultaneously (I,
II, III, aVvVR, avlL, aVvVF, V1-V6).

Procedures for charging the battery of the MAC PC: The MAC PC runs only
from its battery. The machine may be used with the battery or plugged into
a wall outlet. The machine must be plugged into an outlet to charge every
day after transmitting data to EPICARE. It holds and stores about 14 ECGs.
The amount of charge left is displayed for one-half second when the machine
is turned on.

If the unit is left unplugged, it will completely drain and will delete
stored ECGs. Leave plugged in over weekends and holidays.

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, chest bared, 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
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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 V6

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.
1.3.5.1 Chest Size Measurements

Place the Chest Square firmly on the lower sternum at location E and at
location V6. Verify that the arms of the square are exactly horizontal and
vertical in the horizontal plane of the thorax. Move the square so that
the vertical arm at V6 is firmly against the ribcage.

Now read the distance OE and the distance OV6 to the nearest 0.5 cm. Write
them down on scratch paper.

Record the OV6 measurement under height and the OE measurement under
weight. Measure to the nearest 0.5 cm. and round up.

e.g. 11.25 cm. would be 11.5 cm.
11.75 cm. would be 12.0 cm.

Enter 3 digits into the Mac PC but do not enter decimal point.
e.g. 11.5 cm. enter as 115
11 cm. enter as 110

Use leading zeros.
e.g. 9.5 cm. enter as 095

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
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marks should clearly be seen above the tape. Without moving the tape, mark
the location of electrode V4 midway between E and V6.

1.3.7 Electrode V3

Using a flexible ruler, mark the location of electrode V3 midway between
the locations of V2 and V4.

1.3.8 Electrode V5

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

POSBSTERIOR

ANTEIRIOH

l NN NN NN
n \\\\\
30 28 26 24 22 20 8 16 14 12 W 987 465 4 3210

'DAL-SQUARE

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

Prepare the skin for applying electrodes by wiping with alcohol, then
briskly with a gauze pad. 1If technical problems are observed due to poor
electrode contact, it is necessary to do further preparation as described
below:

1. With the participant’s consent, remove any excess hair from
each electrode site on the chest and legs 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 ECG is
automatically stored in memory until it is deleted.
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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 45, push the STOP key and remove the
electrodes on limbs first. 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. Make a copy by
pressing "up" arrows with Fl. Press Fl under storage, again press Fl under
plot. Choose the desired tracing. Press F5 - enter - then print. A copy

can be printed from the machine’s memory any time before deletion of the
ECG.
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Figure 3. The MAC PC Keyboard and LCD Display by Marquette Electronics,
Inc.
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1.7 PFault 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

11 RL, RA, LL

III RL, LA, LL

avR RL, RA, LL, LA

avL RL, LL, RA, LA
avF RL, LL, RA, LA

vl RL, LL, RA, LA, V1
V2 RL, LL, RA, LA, V2
v3 RL, LL, RA, LA, V3
V4 RL, LL, RA, LA, V4
\'A] RL, LL, RA, LA, V5
vé RL, LL, RA, LA, V6

1.8 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 Overall Beat-to-beat
Quality Grade (mm) Drift (mm) Drift (mm)
1 < .25 <1 <1
2 < .50 < 2 < 1.5
3 <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.
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Unacceptable Noise Level

Figure 5.

Unacceptable Overall Baseline Drift

Figure 6.

Figure 7.

Beat Baseline Drift

-to~

Unacceptable Beat
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1.10 Transmission, Confirmation and Deletion
1.10.1 Transmission

The memory of the electrocardiograph will store 11 to 14 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 EPICARE every
day and deleted the next day after confirmation.

The receiving unit at EPICARE 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 EPICRRE, ECGs can be transmitted to the MAC 12 at the
Minneapolis ECG Coding Center. Call the Coding Center supervisor at (612)
626-9681 to arrange transmission.

1. The phone number for the EPICARE receiving port (910) 716-0830 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 (Fl) 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 (Fl) key to display the storage functions
display.
c) Press the More (F5) key to show the second Storage Functions
display.
d) Press the Transmit (Fl) key to show the transmission type
display.
e) Press the phone (Fl) key. (The EPICARE phone number will show
on the display and should not need to be re-entered). Press
ENTER.
£) 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 (Fl).
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 immediately delete tracings
that are of poor quality. 1In doing so, all tracings not
previously sent can be transmitted each time.

ARIC PROTOCOL 5. Electrocardiography - Visit 3. VERSION 3.1 06/95
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2. CENTRAL ECG READING FOLLOW-UP ECGS

2.1 Resting l12-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
other week EPICARE sends these data for the ECGs received 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 J),
and the Cardiac Infarction Injury Score (2) (Appendix K).

All resting 12-lead ECG records with computer-generated ECG findings listed
below, all which qualify for serial change coding at follow-up visits, and
at least a 10% random sample of the remaining ECGs are visually coded at
the Minnesota Coding Center by the full Minnesota Code. ECGs are read two
times, blinded: the final codes are adjudicated by a senior coder.
Minnesota Code criteria are in Appendix E. Results are recorded on the
ARIC Cohort l12-lead Resting ECG form (Appendix M). 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. Correspondence between visual
Minnesota codes and computer codes is in Appendix I. 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.

2.1.1 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 entered into an adjudication record
that is sent to the Coordinating Center. The Coordinating Center adds the

adjudicated codes to the data base as the definitive Minnesota Codes for
the IDs involved.

2.1.2 Criteria for Agreement
The EPICARE 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 - Visit 3. VERSION 3.1 06/95
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Q-codes:
The two centers will be considered in substantial agreement if within
each lead group,

1. Both centers assign 1-1-x codes.

2. Both centers assign 1-2-x codes.

3. Both centers assign 1-3-x codes.

4. Both centers assign no Q-code.
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.

2.1.3 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 EPICARE
code. If the two centers disagree on "minor" codes (i.e., codes other than
those listed above), the EPICARE reading prevails. Only for "major" codes
does the adjudicated reading prevail. Note that the adjudicated code could
disagree with both initial codes.

In some cases this composite coding may result in incompatible codes from
the combined computer plus visual record. When incompatible codes exist,
the visual Minnesota codes are the final study data.

2.2 Visit Three and Four ECGs

Follow-up visit procedures are the same as for baseline ECGs with the
exception that baseline and follow-up ECGs are compared and two-minute

rhythm strips are omitted. The procedure for this comparison is as
follows.

When two (adjudicated) 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. 1IDs that fit the change
criteria (i.e., any pattern ED1 through ED7, see Appendix T) are examined
side by side for serial ECG change at the Minnesota ECG Reading center.
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ECGs that fit the change criteria (i.e., any pattern ED1 through ED7 or EV1
through EV8) are examined side by side for Serial ECG change. Simultaneous
ECG comparison is performed by a senior coder on the final Minnesota codes
using the first ECG of the hospitalization as the reference. Serial change
categories are: significant increase, decrease (but not for Q-codes), no
change (this implies no increase for Q-codes) or technical problem
(Appendix O). Serial Change criteria are in Appendix N. 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 >
lmm 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 < lmm tall, it cannot fulfill the
change criteria and "no change®” is noted (see Appendix U).

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

The ECGs are filed by field center and ID at the Coding Center.

2.4 Community Surveillance ECGs

Up to three Surveillance hospital ECGs are photocopied by abstractors and
mailed to the Minneapolis ECG Reading Center. As described in Manual 3,
abstractors select the first codable ECG recorded after admission, the last
codable ECG before discharge, and the last codable ECG recorded on day
three after admission or after an in-hospital event.

Minnesota coding is performed for Surveillance ECGs, with the exception of
the following codes: 9-1; 9-3; 9-5; 6-3; 6-~5; 7-3 and 7-5. Coding is done
once by an experienced coder with no adjudication. No serial change rules
are applied.

For analysis of evolving Q-waves, Minnesota Q codes are translated by
computer algorithm into categories as shown in Appendix P.
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3.1.4 Minneapolis ECG Reading Center

1.

Blind rereading of clinic ECGs is performed in two ways:

a)

b)

The abnormal quality control ECGs that are retransmitted to
EPICARE 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
EPICARE. They are coded and reported in the usual manner.
Thus, the Coding Center continually rereads the quality control
ECGs that EPICARE determines to be abnormal. (The quality
control ECGs that EPICARE determines to be normal are only sent
to the Coding Center if they are chosen to be part of the 10%
sample of normals that is included with the abnormals.)

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.

EPICARE will set up a test set of 100 ECGs in consultation with the
Coordinating Center.

a)

b)

c)

d)

The Coordinating Center will periodically furnish EPICARE 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 1list.

EPICARE 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.

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.

Comparison of measurements by EPICARE 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 Cohort Hospital ECGs

A sample of cohort hospital records are reabstracted for quality control
(QC), the second abstraction being under a QC ID. 1In the process, the ECGs
are photocopied each time and sent to the Minnesota Coding Center, also
under separate IDs. (The same originals must always be used when making
copies.)
reports the results to the Coding Center.

The Coordinating Center then compares the replicate readings and

The ECG Coding Center will conduct internal repeat quality control on
cohort hospital ECGs.
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3.3 Surveillance Hospital ECGs

For a sample of hospitalization event of a cohort participant, both a
surveillance event ID and a quality control ID are assigned. ECG’s are
copied twice and sent to the Minnesota ECG Reading Center for full
Minnesota coding and serial change coding under the two different ID’s
Appendix V. Comparison of the two sets of codes is made at the
Coordinating Center in order to ascertain the degréee of repeatability.

3.4 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 EPICARE 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
Center.

3.5 Training and Certification
3.5.1 Cohort ECGs

A central training session was held in January, 1992 in Charleston, South
Carolina. Training included electrode placement, skin preparation, MAC PC
menus and data entry and self-evaluation of technical performance. All new
technicians are trained by the most senior certified technician. Training
of new technicians must include observation of at least 6 ECG’s being taken
by the senior technician.

Once training is complete, the technician must be officially certified as
capable of recording high-quality ECGs by the ECG Center. Certification
ECGs must be done by obtaining 3 ECG’s on age-eligible participants. Send
the ECGs and the certification form (Appendix R) to the Minnesota ECG
Reading Center. The tracing will be "logged in" and evaluated for ECG
quality. The Minnesota ECG Center will notify the Coordinating Center when
certification is complete. The Coordinating Center will notify the
technician of certification status.
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Appendix A ARIC

MARQUETTE MAC PC SETUP

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

2Task VI+II+VS
PatInfo Rhythm 25mm/s 10mm/mV  100HZ

an[Fa[ean]Faa [ [ e

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

Srstem Functions
Storase Setus Dias RevXmit

Select “Setup™ (F2) by pressing either E or

Cart Setur M

lVDat/Tim Phone LdGrps Reports More A. Date/Time page 2
Toet Fet f Fir B. Phone page 2
o[ [ [ S - SN o
Step Step Step Step 5 D. Report Formats page &
A B C D E. Modem page 7
F. Passwords page 8
G. Miscellaneous page 8
H. Defaults page 11
11

Cart Setur I. Timeout page

[Hoden Passwds Misc Defaults More

EJE]E ] B B B I R

Step Step Step Step
E F G H el

Cart Sétup
Timeout More

E1E]

Step
I
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Ster A
DaTE AND TIME SETUP

‘Date and Time Setur
Date Time
<3~
Todav‘s Date (DD-MMM~YY): = O01-JAN-86 Press Backspace-delete
DD=Day+ MMM=Month Name, YY=Year B to erase.

DR HE R
[V Date and Time Setup )
Date Time
o]

[-}iQe (HH-MM):  9.-32 J Example: 9-32 is 9:32am

HH=Hours+ MM=Minute (24 Hr Clock) 13-15 is 1:15pm

o[ [ [ [l [

Date and Time Setur
Date Time

DD E SR

STeP B U. of Minn. needs 8 to
PHONE SETUP get off campus, you might
need 9 or nothing.

"= gives a pause for
off-campus dialtone.

Cart Setue : 1" is for long distance.
Dat/Tim Phone LdGrrs Rerorts More The rest is EPICARE
E receiving (910) 716-0830.
. ' :
[Phon- Number 8219024243644 ]
0-9 & & = ,
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SteP C
RePORT ForMATS SETUP

Do not configure Confirmed.

Report Formats for: _
Confrmd Uncont Press F2 for Unconfirmed.
E1E]
4
P~

For each of the following LCDs press either E
(ves) [E (no); and [__—C:_D_] to store

the report information.

. Clinic choice here. Some
[Ask for Extra Corpies of Plots: NO J clinics may want extra copies
Yes No

IEIEIE

Surpress Orig Ret Interpretation: YES
Yes No

‘ Surpress Copy Interpretation:

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

Yes No

Suppress Text Pasge: YES
Yes No

F1e F2t
2 4

Rhythm and Morepholosy Rerport (RMR): NO
Yes No

1| [fiT ] {fz | [FeT
CIETE JE]

]
L___J . L___J ___J
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Report Formats Setup (Cont)

Yes

Tl

[} Complex / Lead: NO

Yes No
CEEE]

‘Automatic Rhythm (1x10): RO
Yes ~ No

DD

Automatic Rhythm (1x10) with Abnormals:
Yes No NO

IFI I F14 IFZ I F2¢
1 IZ I 3 l4 I

[12 Lead (Gx2.S); YES

{1 Complex /7 Lead With Abnormals: NO

]

This is the only format to be
printed.

Yes No

OEEIE

-

Separate Text Pase for 4x2.5: NO
Yes No
H3 fitr | [F2 70
B ”3 H4 |
1 Pase 4X2.5 with Rhythm: NO
Yes No

FIFIE]ET
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Report Formats Setup (Cont)

12 Lead (2x5): NO
Yes No

[12 Lead (2x10): NO

Yes No

12 Lead (4x10): NO
Yes No

E Ign ] 'Sz ] [:zf

[12 Lead (4x10) with Abnormals: NO ]

—J  wJ

Yes No

EEIE]

Yes No

CEIEIE]

[12 Lead (2x5 at 50mm/s):  NO ]

. Rerort Formats for:
Canfrmd Uncont

EEE]

From here, press Return.

Cart Setur
Dat/Tim Phone LdGrers Rerorts More

DEEEEDEOEEE
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%EPEV\ SeTup — Auto DIAL

Cart Setur
Modem Passwds Misc Defaults

wore

[

Sepeaker On: Dialing Only
| Dial Alwars

B o ]

Dialins: Ayto Dial
Manual Auto

]

Dialing Format: Touch Tone
Pulse T Tone

E:I‘"E‘]

pDial Tone Requxred' YES

sl

T

Dxal Tone Time: 1s
© W28

|
|
|

il

Modem Transmit Power Level: -9dBm
—£d6m -7d8m -B8dBm =9dBm

)

(o s ol

Transmit Srnch Times 148.3ms
800ms 220ms 148.3ms S0us

e |

o[l il an sl el

2025Hz2 2100Hz

Answer Tone Freauencrs 2025 Hz

EE]EE]

Ansuwer }ono Wait (insec.s)s
5-800

120
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Appendix A

Ster E
PASSWORDS

Cart Setue
Modem Passwds Misc Defaults More

)

o

Srstem Passwords
Level 1 Level 2

] o [

Ster F ,
MiSCELLANEOUS SETUP

[ Cart Setur
L Modem Passwds Misc Defaulis More
~B-

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

press :@ to store that information.

-

Line Frequency: 60 Hz
B0Hz SOHz2

L .y
CEIE]E]
rCart 1D:

0-255 ‘ AJ

Site ID:
1-255

-

Institution Name:
Ur to 20 Characters

[Number of Patient D Dirvits: 9 -—]
1=-12

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 Minneapolils ECG Center.

Site IDs: Minneapolis ARIC
Forsyth Co. ARIC
Hagerstown ARIC
Jackson ARIC

8 unn
o~

Enter your location and study name.
(Only 21 of the 40 characters will
show here but that's OK.)

9 digits
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Miscellaneons Setup (Cont)

Heisht/Weisht: inches/pounds
in/1b cm/Kg

-

OO

Input Patient Ase As: pate of Birth
DoB Years ‘

1| [Ar ) [fz | [Fe+
IEIEIED

Ask Blood Pressure Questions: NO
Yes No

J

DEEE

Ask Options Question: NO
Yes No

CFEIEE]

Confirmation Text: Unconfirmed
Uneconf - RevdBy

DFEEE]

ECGCs to Store/Transmit: A1l
All Abnormal

Fl fFie [X] fae
‘1 HZ I ‘3 l ll I

Delete ECGs after Transmission: GAVE
Save Delete

Fl Fir ] [r2 Fae
CIEIEIE]

Appendix A

E to V6 measurement in
centimeters is entered under
Height.

DOB

NO

NO

Unconfirmed

SAVE. It is very important to
change this to SAVE. By
default the machine deletes
ECGs as soon as they are
transmitted, without waiting
for confirmation from EPICARE.

ARIC PROTOCOL 5. Electrocardiography - Visit 3. VERSION 3.1 06/95



Appendix A

Miscellaneous Setup (Cont)

l Store/Transmit Control: Store
l Store Transmit

DEEE

[Pouer Ur Speed: 25 m/s

Store

25 mm/s
25mm/s SOmm/s

EJEDEIE]

[;ouer Ue Filter: 100 Hz

100 Hz
A0Hz 100Hz ‘

EIEDEIE]

NO

L__JL_JL__J;_J

Screening Criterias NO
Yes No

BT E R

[¥Baseline Roll Filter: .16 Hz } .16 Hz

+O1H: «02Hz «168Hz «32Hz

{_?C Baseline Drift: YES -;J YES
Yes ’

No
EIEEIED

QC Muscle Tremor: ygg YES
‘ Yes No

el
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ﬁTEP G
EFAULTS SETUP

Cart Setur -
Modem Passwds Misc Defaults More

]

P~
? I NEVER say yes to return to
Ar;.:“ Sur;z.? original factory setup defaults
l ' ’ because that will set the machine
E to delete ECGs after transmission
- (see the last window on page 9).
..’. " Returns LCD to second
Cart Setup display.
5~

Returns
cardiograph to
original factory
setup defaults. Any
cardiograph setup

changes since
factory defaults will Step [
be deleted. Returns Tuneout
LCD to second
- Cart Setup
display. Cart Setur
[ﬂodem Passwds Misc Defaults More J
S i
-
. - Cart Setue .
Lrimeout More J

)6
-

Automatic Timeout (minutes): 1 This saves
1 s 10 30 nonelac) the battery.

(a Faa [ [l [ [ [ [ [

“Timeout™ is the amount of time it takes for the
LClg 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.
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MAC PC ENTRY INFORMATION NEEDED FOR EACH PARTICIPANT

After each entry - press return

Task VI+11+4V5
Patinfo Rhythm 25 mys 10 mvmV 100Kz Press either F1 or F1.

F1 Fi F2 F2 F3 F3 F4 Fb4 F5 F5
1 2 3 4 5 6 7 8 9 0

This won’t show up if the machine was
New Patient: just turned on.
Yes No press either F1 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.

Patient, Last Name: Enter first 4 letters of Last Name:
A to 2, Space, ', . examples: SMIT, JONE, HESS

Patient, First Name:

Atoz,0to9, Space, , - , . Enter complete ID. : MI23456
Patient 1D: Repeat digit portion of ID.: 123456
Digits 0 to 9

Referred by Leave blank.
(Physician Name) .

Location Number: Enter Contact Year (1,2,etc.)

0 to 99

Room Number: Enter your Technician 1D number.
Any 5 Characters
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Date of Birth (DD-MMM-YY) To type dash press and at the same time.
DD=Day, MMM=Month Name, YY=Year DD=Day (1-31)
MMM=LETTERS of month (JAN., FEB., etc.)
YY=Year (86, 87, etc.)

Height: Put in E to V6 distance in cm.

0 to 999

Weight: Put in filter setting at 16.

0 to 999 Lbs.

Sex: Indicates sex, Press either F1 or F2.
Male Female

Race: ' DO NOT leave blank
Cauc Black Oriental Hisp  More Indicate Race
Medication: . Leave blank

None Unknown Clr+Add Add Scroll

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

Follow directions on screen
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owLs MODA321 T ) T T - TD 000004321 *| ] DB~NOV-EE  10: 26 HINNEAPOLIS! FRIC P BUDCENTER 5 ey Ty 1T
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Figure 11. Typical Electrocardiogram Using MAC PC
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Editing Participant Information on a MAC-PC

With Storage on the screen, press ...
MORE ... followed by
EDIT ... followed by
PATIENT DATA ... followed by ENTER
The data for each participant in the MAC-PC is now displayed, one at a
time, on the screen. If you do not wish to Edit the currently displayed

participant, respond by pressing ...

NO

If you do wish to Edit the currently displayed participant, respond by
pressing ...

YES ... followed by ENTER
You are now shown the selected participant’s Last name.
If no change is to be made, press ... ENTER

If you want to change the Last name, use the Backspace key to erase
unwanted characters and type in correct ones. Press ... ENTER

You are now shown the selected participant’s First name. Make changes
to this field as above. (Remember, the First name is made up of your
Center Code character plus ID number.)

You are now shown the selected participant’s ID number. Make changes to
this field as above.

To make changes on other participant information, keep pressing ENTER
until screen displays information wanted and follow above steps.

When the last participant has been displayed and dealt with, you must
now instruct the MAC-PC to save any changes you have made.

You must Press Shift and F1 together ... followed by

PRINT REPORT ... followed by ENTER

Print a directory to be sure correction has been made. You will note
corrected ECG moves to bottom of directory. This is useful in the case
of deleting every tracing except the one corrected -- which is then
transmitted again to EPICARE.
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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).

Anterolateral site (leads I, aVL, Ve)

1-1-1  Q/R amplitude ratio > %, plus Q duration > 0.03 sec in lead I or V.

1-1-2  Q duration 2 0.04 sec in lead I or V.

1-1-3  Q duration > 0.04 sec, plus R amplitude > 3 mm.in lead aVL.

1-2-1 Q/R amplitude ratio > ¥, plus Q duration > 0.02 sec and < 0.03 sec in lead I or V.

1-2-2  Q duration 2> 0.03 sec and < 0.04 sec in lead I or V. ’

1-2-3 QS pattern in lead 1. Do not code in the presence of 7-1-1.

1-2-8 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 V; and V. (All beats in lead Vs must have an initial R > 2 mm.)

1-3-1 Q/R amplitude ratio > ¥ and < 'A, plus Q duration > 0.02 sec and < 0.03 sec in lead [ or V.

1-3-3  Q duration 2 0.03 sec and < 0.04 sec, plus R amplitude > 3 mm in lead aVL.

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

1-1-f  Q/R amplitude ratio > Y, plus Q duration > 0.03 sec in lead IL.

1-1.2  Q duration > 0.04 sec in lead II.

1-1-4  Q duration = 0.05 sec in lead III plus a Q-wave amplitude 2 1.0 mm in the majority of beats in
lead aVF.

1-1-5  Q duration 2 0.05 sec in lead aVF.

1-2-1  Q/R amplitude ratio > Y3, plus Q duration > 0.02 sec and < 0.03 sec in lead 1I.

1-2-2  Q duration > 0.03 sec and < 0.04 sec in lead II.

1-2-3 QS pattern in lead II. Do not code in the presence of 7-1-1.

1-24  Q duration > 0.04 sec and < 0.05 sec in ead III, plus a Q-wave 2 1.0 mm amphtudc in the
majority of beats m a¥F.

1-2-5  Q duration > 0.04 sec 2nd < .05 sec in Jead aVF.

1-2-¢ Q amplitude > 5.0 mm in leads III or aVF.

1-3-1 Q/R amplitude ratio 3 ' and < 14, plus Q duration > 0.02 sec and < 0.03 sec in lead II.

1-3-4  Q duration > 0.03 sec and < 0.04 sec in lead III, plus a Q-wave > 1.0 mm amplitude in the
majority of beats in lead aVF.

1-3-5° Q duration 3 0.03 sec and < 0.04 sec in lead aVF.

1-3-6 QS pattern in each of leads III and aVF. (Do not code in the presence of 7-1-1.)

~ Anterior site (leads V,, Vi, Vi, Vi, Vs)
1-1-1  Q/R amplitude ratio > % plus Q duration 2> 0.03 sec in any of leads V,, V;, Vi, Vs.
1-1-2  Q duration 3 0.04 sec in any of leads V,, V3, Vi, V,, Vs,
1-1-6 QS partern when initial R-wave is present in adjacent lead to the right on the chest, in any of
leads V,, Vy, Vi, Vs, V.
1-1-7 QS pattern in all of leads V,-V. or V,-Vs.
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1-2-1 Q/R amplitude ratio 2 ¥, plus Q duration > 0.02 sec and < 0.03 sec, in any of leads V., V,,
V., Vs.

1-2-2 Q duration > 0.03 sec and < 0.04 sec in any of leads Vi, V3, Vi, Vs,

1-2-7 QS pattern in all of leads V,, V3, 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 > % and < ¥4 plus Q duration > 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, II, III. (The algebraic sum of major
positive and major negative QRS waves must be zero or positive in I, negative in III, 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 III, and in
I must be one-half or more of that in IIL.)

2-3 Right (optional code when 2-2 is not present). QRS axis from +90° through +119° in leads I,
II, 111. (The algebraic sum of major positive and major negative QRS waves must be zero or
negative in I and positive in II and 111.)

2-4 Extreme axis deviation (usually S1, S2, S3 pattern). QRS axis from —90° through —149° in
leads 1, II, and III. (The algebraic sum of major positive and major negative QRS waves must be
negative in each of leads I, 1I, and III.) .

2-5 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 IIl, or the infor-
mation from these three leads is incongruous.)

High Amplitude R Waves

3-1 Left: R amplitude > 26 mm in either Vs or V¢, or R amplitude > 20.0 mm in any of leads I, 1I,
111, 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 2 S amplitude in the majority of beats in lead
V,, when S amplitude is > R amplitrade somewhere to the left oa the chest of V, (codes 7-3 and
3-2, if criteria for both zre 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 Vi, 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 5-code
must also be assigned except in lead V,.)

4-1-1

4-1-2

4-1-1
4-1-2

42

43

44

Anterolateral site (leads I, avVL, V)

STJ depression 2 2.0 mm and ST segment horizontal or downward sloping in any of leads I,
aVL, or V,.

STJ depression > 1.0 mm but < 2.0 mm, and ST segment horizontal or downward sloping in
any of leads I, aVL, or V.

STJ depression > 0.5 mm and < 1.0 mm and ST segment horizontal or downward sloping in any
of leads I, aVL, or V.

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 I, aVL, or Vs.

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 II, III, aVF) o

STJ depression 2 2.0 mm and ST segment horizontal or downward sloping in lead II or aVF.
STJ depression > 1.0 mm but < 2.0 mm and ST segment horizontal or downward sloping in lead
II or aVF.

STJ depression 2 0.5 mm and < 1.0 mm and ST segment horizontal or downward sloping in
lead 1I or aVF. .

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 lead II.

STJ depression > 1.0 mm and ST segment upward sloping, or U-shaped, in lead II.

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

STJ depression > 2.0 and ST segment horizontal or downward sloping in any of leads V,, V3,
Vs, Vi, Vs.

STJ depression > 1.0 mm but < 2.0 mm and ST segment horizontal or downward sloping in any
of leads V|, Vz, Vg, V‘, Vs. _

STJ depression 2 0.5 mm and < 1.0 mm and ST segment horizontal or downward sloping in any
of leads Vl, Vz, V;, V., Vs.

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 V3, V3, Vi, Vs.

STJ depression 2 1.0 mm and ST segment upward sloping or U-shaped in any of leads V,, V,,
V,. V4, V,.

T-Wave Items

(Do not code in the presence of codes 6-4-1, 7-1-1, 7-2-1 or 74.)

Anterolateral site (leads I, aVL, Vi)
5-1 T amplitude negative 5.0 mm or more in either of leads 1, Vi, or in lead aVL when R amplitude
is » 5.0 mm.
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5-2 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 V,, or in lead aVL when R amplitude is
# 5.0 mm.

5-3 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.

5-4 T amplitude positive and T/R amphxude ratio < Y40 in any of leads I, aVL, Vs; R wave
amplitude must be 2 10.0 mm.

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

5-1 T amplitude negative 5.0 mm or more in lead 11, or in lead aVF when QRS is mainly upright.

5-2 T amplitude negative or diphasic with negative phase (negative-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.

5-3 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.

5-4 T amplitude positive and T/R amplitude ratio < Yo in lead II; R wave amplitude must be > 10.0
mm.

Anterior site (leads V;, Vi, V,, Vi)

5-1 T amplitude negative 5.0 mm or more in any of leads V,, V3, Vs, Vs.

5-2 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;, V;, V4, Vs,

5-3 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;, V., Vs. :

5-4 T amplitude positive and T/R amplitude ratio < 4o in any of leads V;, Vi, Vs; R wave
amplitude must be > 10.0 mm.

A-V Conduction Defect

6-1 Complete (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.
6-2-1 Mobitz Type 1l (occurrence of P-wave on time with dropped QRS and T).
6-2-2 Partial (second degree) A-V block in any lead (2:1 or 3:1 block).
6-2-3 Wenckebach’s Phenomenon (P-R interval increasing from beat to beat until QRS and T
dropped).
6-3 P-R (P-Q) interval > 0.22 sec in the majority of beats in any of leads I, II, III, aVL, aVF.
6-4-1 Wolff-Parkinson-White Pattern (WPW), persistent. Sinus P-wave. P-R interval < 0.12 sec, plus
QRS duration 2 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 I, II, aVL, Vi, Vs, Ve. (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.)
6-4-2 WPW Pattern, intermittent. WPW pattern in € 50% of beats in appropriate leads.
6-5 Short P-R interval. P-R interval < 0.12 sec in all beats of any two of leads I, II, III, aVL, aVF.
6-6 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.)
6-8 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, 6-4-1, 6-8, 8-2-1 or
8-2-2.) QRS duration > 0.12 sec in a majority of beats (of the same QRS pattern) in any of leads
I, 11, lII, aVL, aVF, plus R peak duration 2 0.06 sec in a majority of beats (of the same QRS
pattern) in any of leads 1, 1I, aVL, Vs, Vs. (7-1-1 suppresses 1-2-3, 1-2-7, 1-2-8, 1-3-2, 1-3-6, all
2, 3,4, 85, 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 Intermittent 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, 6-4-1, 6-8,
8-2-1 or 8-2-2.) QRS duration > 0.12 sec in a majority of beats (of the same QRS pattern) in any
of leads I, II, IIf, aVL, aVF, plus: R’ > R in V, or QRS mainly upright, p/us R peak duration >
0.06 sec in V, or Vi; or V:; or S duration > R duration in all beats in lead I or 1. (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, 9-5 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 > 0.10 sec and < 0.12 sec in the majority of beats of each of leads I, aVL,
and V; or Vs. .

7-7 - Left anterior hemiblock (LAH). QRS duration < 0.12 sec in the majority of beats in leads I, 11,
111, avVL, aVF, plus Q-wave amplitude > 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 ainat 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 > 100. This includes 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 Atrial flutter (persistent).
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8-3-3 Intermittent atrial fibrillation (code if 3 or more clear-cut, consecutive sinus beats are present in
any lead).

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

8-4-1 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.

8-4-2 Supraventricular tachycardia intermittent. Three consecutive atrial or junctional premature beats
occurring at a rate > 100. ’

8-5-1 Sinoatrial arrest. Unexpected absence of P, QRS and T, plus a R-R interval at a fixed multiple
of the normal interval, + 10%. _

8-5-2 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%.

8-6-1 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.

8-6-2 A-V dissociation with ventricular pacemaker (with capture).

8-6-3 A-V dissociation with atrial pacemaker (without capture).

8-6-4 A-V dissociation with atrial pacemaker {with capture).

8-7 Sinus tachycardia (over 100/min).
8-8 Sinus bradycardia (under 50/min).
8-9 Other arrhythmias. Heart rate may be recorded as a continuous variable.

ST Segment Elevation

Anterolateral site (leads I, aVL, V)
9-2 ST segment elevation > 1.0 mm in any of leads I, aVL, Vs.

Posterior (inferior) site (leads II, I1I, aVF)
9-2 ST segment elevation > 1.0 mm in any of leads II, III, aVF.

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

9-2 ST segment elevation > 1.0 mm in lead Vs or ST segment elevation > 2.0 mm in any of leads
VI' vln VJQ vl- .

Miscellaneous Items

9-1 Low QRS amplitude. QRS peak-to-peak amplitude < 5 mm in all beats in each of leads 1, I,
I11, or < 10 mm in all beats in each of leads V,, Vi, Vs, Vi, Vs, Ve. (Check calibration before
coding.)

9-3 P-wave amplitude > 2.5 mm in any of leads Il, III, aVF, in a majority of beats.

9-4-1 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.) '

9-4-2 QRS transition zone at V, or to the left of ¥, on the chest. (Do not code in the presence of
6-4-1, 7-1-1, 7-2-1 or 7-4.)

9-§ T-wave amplitude > 12 mm in any of leads I, 11, 111, aVL, aVF, Vi, V;, V3, Vi, Vs, Ve. (Do not
code in the presence of 6-4-1, 7-1-1, 7-2-1 or 7-4.) '

9-8-1 Technical problem§ which interfere with coding.
9-8-2 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
All Q-, QS-codes
Q>0.03inlead 1
3-1
3-2
6-1
6-4-1
. 6-8
7-1-1

7-2-1

7-3

7-4

8-1-2

8-1-4

8-2-1

8-2-2

8-2-3

8-3-1

8-3-2

8-3-3

8-3-4

8-4-1

8-4-1 + heart rate 2 140
Heart rate > 100
8-4-2

9-1

ARIC PROTOCOL 5. Electrocardiography - Visit 3. VERSION 3.1 06/95

Suppresses this code(s)

7-6

17

1-3-2

1-2-8, 7-3

All other codes except 8-2

All other codes

All other codes

1-2-3, 1-2-7, 1-2-8, 1-3-2, 1-3-6, all 2-, 3-, 4-, and 5-codes,
7-7, 9-2, 9-4, 9-5

1-2-8, all 2-, 3-, 4-, and 5-codes, 9-2, 9-4, 9-5

1-2-8

All 2-, 3-, 4-, and 5-codes, 9-2, 94, 9-5

8-24

8-1-1, 9-3

All other codes

All other codes

8-1-2

8-1-1, 8-1-2

6-2-2, 8-1-1, 8-1-2

8-1-1, 8-1-2

6-2-2

6-5

All other codes except 7-4 or 6-2

6-5

8-1-1

All 2-codes
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Performance Grade Levels

PERFORMANCE NOISE DRIFT
GRADE LEVEL lvrms Beat to Beat (1lV)
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
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Position Length

l1 -7
8 - 12
13 - 15
16 - 16
17 - 17
18 - 18
19 - 21
22 - 22
23 - 24
25 - 42
43 - 44
45 - 52
§3 - 57
58 - 60
61 - 68
69 - 73
74 - 74
75 - 76
77 - 717
85 - 87
88 - 88
89-130
131-132
133-134
135-145
146-150
151-151
152-153
154-155
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Filter Setting

Cart Code
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Recording time

Quality Grade (1 - 5)

Minnesota Code L1

Minnesota Code F1
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Assigned By

ARIC Clinic

ARIC CC
ARIC CC
ARIC CC
ARIC CC
ARIC CC

ARIC Clinic

EPICARE

EPICARE

EPICARE

EPICARE
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ARIC Clinic
ARIC Clinic
ARIC Clinic
ARIC Clinic
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Edmonton ECG Reading Center Data Record

Pogition Length Contents Assigned By
156-157 2 Minnesota Code V1 EPICARE
158-159 2 Minnesota Code L4 EPICARE
160-161 2 Minnesota Code F4 EPICARE
162-163 2 Minnesota Code V4 EPICARE
164-165 2 Minnesota Code LS EPICARE
166-167 2 Minnesota Code FS EPICARE
168-169 2 Minnesota Code V5 EPICARE
170-171 2 Minnesota Code L92 EPICARE
172-173 2 Minnesota Code F92 EPICARE
174-175 2 Minnesota Code V92 EPICARE
176-177 2 Minnesota Code C2 EPICARE
178-179 2 Minnesota Code C3 EPICARE
180-181 2 Minnesota Code C6 EPICARE
182-183 2 Minnesota Code C7 EPICARE
184-185 2 Minnesota Code CS1 EPICARE
186-187 2 Minnesota Code €93 EPICARE
188-189 2 Minnesota Code C94 EPICARE
190-191 2 Minnesota Code C95 EPICARE
192-193 2 Minnesota Code E7 EPICARE
194-200 2 EPICARE
201-203 3 Heart Rate EPICARE
204-208 5 Qor QS I EPICARE
209-213 5 Q or QS III EPICARE
214-218 S Q or QS V5 EPICARE
219-223 S Q or QS V6 EPICARE
224-227 4 R amplitude I EPICARE
228-231 4 R amplitude III EPICARE
232-235 4 R amplitude AVL EPICARE
233-239 7 R amplitude V2 EPICARE
240-243 4 R amplitude V5 EPICARE
244-247 4 R amplitude V6 EPICARE
248-252 5 S amplitude I EPICARE
253-257 5 S amplitude III EPICARE
258-262 5 S amplitude V1 EPICARE
263-267 5 S amplitude V2 EPICARE
268-272 S S amplitude VS EPICARE
273-277 5 S amplitude V6 EPICARE
278-282 S T negative amplitude AVL EPICARE
283-287 5 T negative amplitude AVF EPICARE
288-292 5 T negative amplitude V6 EPICARE
293-297 5 T positive amplitude AVR EPICARE
298-302 5 T positive amplitude V1 EPICARE
303-307 5 T positive amplitude V6 EPICARE
308-310 3 QRS interval EPICARE
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EPICARE ECG READING CENTER
FULL REPORT RECORD FORMAT

A - 25

ITEM CHARACTER FIELD DESCRIPTION
POSITION LENGTH
1 1-2 2 Site number
2 3-14 12 I.D. number
3 15-56 42 Name
4 57-58 2 Location Code
5 59-60 2 Cart Code
6 61-77 17 Recording date and time
7 78-78 1 Quality Grade
8 79-80 2 Minnesota Codes: L1l
9 81-82 2 Fl
10 83-84 2 Vi
11 85-86 2 L4
12 87~-88 2 F4
13 89-90 2 V4
14 91-92 2 LS
15 93-94 2 F5
16 95-96 2 Vs
17 97-98 2 192
18 99-100 2 F92
19 101-102 2 vo2
20 103-104 2 c2
21 105-106 2 c3
22 107-108 2 cé6
23 109-110 2 c7
24 111-112 2 Cc91l
25 113-~-114 2 Cc93
26 115-116 2 Cc94
27 117-118 2 Cc95
28 119-120 2 E7
29 121-130 10 First name
30 131-135 S Room number
31 136-142 7 CIIS
32 143-149 7 LVM
33 150-156 7 LVM Index
34 157-157 1 Lead reject flag: I
35 158-158 1 11
36 159-159 1 III
37 160-160 1 AVR
38 161-161 1 AVL
39 162-162 1 AVF
40 163-163 1 vi
41 164-164 1 v2
42 165-165 h V3
43 166-166 1 V4
44 _ 167-167 1
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EPICARE ECG READING CENTER
FULL REPORT RECORD FORMAT

Appendix H

ITEM CHARACTER FIELD DESCRIPTION
POSITION LENGTH

45 168-168 1 V6
46 169-171 3 Noise value for I
47 172-174 3 lead: (source data) II
48 175-177 3 vl
49 178-180 3 V2
50 181-183 3 v3
51 184-186 3 v4
52 187~189 3 V5
53 190-192 3 vé
54 193-195 3 Noise value for I
55 196-198 3 lead: (average 11
56 199-201 3 complex) V1
57 202-204 3 v2
58 205-207 3 v3
59 208-210 3 v4
60 211-213 3 V5
61 214-216 3 vé
62 217-219 3 Beat to beat I
63 220-222 3 drift lead: II
64 223-225 3 Vi
65 226-228 3 v2
66 229-231 3 v3
67 232-234 3 v4
68 235-237 3 V5
69 238~240 3 vé6
70 241-243 3 Residual drift I
71 244-246 3 lead: (average IX
72 247-249 3 complex) vli
73 250-252 3 v2
74 253-255 3 v3
75 256-258 3 v4
76 259-261 3 VS5
77 262-264 3 V6
78 265-267 3 Heart Rate

79 268-271 4 P axis

80 272-275 4 QRS axis

81 276-279 4 T axis

82 280-283 4 P positive I
83 284-287 4 amplitude lead II
84 288-291 4 III
85 292-295 4 AVR
86 296-299 4 AVL
87 300~303 4 AVF
88 304-307 4 vl
89 308-311 4 v2
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EPICARE ECG READING CENTER
FULL REPORT RECORD FORMAT

A - 27

ITEM CHARACTER FIELD DESCRIPTION
POSITION LENGTH
90 312-315 4 v3
91 316-319 4 vé
92 320-323 4 V5
93 324-327 4 vé
94 328-331 4 P negative 1
95 332-335 4 amplitude lead II
96 336-339 4 III
97 340-343 4 AVR
98 344-347 4 AVL
99 348-351 4 AVF
100 352-355 4 V1
101 356-359 4 v2
102 360-363 4 v3
103 364-367 4 V4
104 368-371 4 v5
108 372-375 4 V6
106 376-378 3 P duration lead I
107 379-381 3 II
108 382-384 3 I1I
109 385-387 3 AVR
110 388-390 3 AVL
111 391-393 3 AVF
112 394-396 3 v1
113 397-399 3 v2
114 400-402 3 v3
115 403-405 3 V4
116 406-408 3 V5
117 409-411 3 V6
118 412-412 1 T or F for QS I
119 413-413 1 in lead: II
120 414-414 1 III
121 415-415 1 AVR
122 416-416 1 AVL
123 417-417 1 AVF
124 418-418 1 vVl
125 419-419 1 v2
126 420-420 1 v3
127 421-421 1 v4
128 422-422 1 V4]
129 423-423 1 V6
130 424-424 1 T or F for Q wave 1
131 425-425 1 in lead: II
132 426-426 1 III
133 427-427 1 AVR
134 428-428 1 AVL
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EPICARE ECG READING CENTER
FULL REPORT RECORD FORMAT

ITEM CHARACTER FIELD DESCRIPTION
POSITION LENGTH
135 429-429 1 AVF
136 430-430 1 vl
137 431-431 1 v2
138 432-432 1 v3
139 433-433 1 v4
140 434-434 1 V£
141 435-435 1 V6
142 436-440 5 Q or QS I
143 441-445 5 amplitude lead: 1I
144 446-450 5 II1I
145 451-455 5 AVR
146 456-460 5 AVL
147 461-465 5 AVF
148 466-470 5 vi
149 471-475 5 V2
150 476-480 5 v3
151 481-485 5 \'Z
152 486-490 5 VS
153 491-495 5 V6
154 496-498 3 Q or QS I
155 499-501 3 duration lead: II
156 502-504 3 III
157 505-507 3 AVR
158 508-510 3 AVL
159 511-513 3 AVF
160 514-516 3 Vi
161 517-519 3 v2
162 520-522 3 V3
163 523-525 3 va
164 526~528 3 V5
165 529-531 3 V6
166 532-535 4 R amplitude lead: I
167 536-539 4 I1
168 540-543 4 I1I
169 544-547 4 AVR
170 548-551 4 AVL
171 552-555 4 AVF
172 556-559 4 Vi
173 560-563 4 V2
174 564-567 4 v3
175 568-571 4 v4
176 572-575 4 V5
177 576~579 4 vé
178 580-582 3 R duration lead: I
179 583-585 3 II
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EPICARE ECG READING CENTER
FULL REPORT RECORD FORMAT

ITEM CHARACTER FIELD DESCRIPTION
POSITION LENGTH
180 586-588 3 III
181 589-591 3 AVR
182 592-594 3 AVL
183 595-597 3 AVF
184 598-600 3 vl
185 601-603 3 v2
186 604-606 3 v3
187 607-609 3 V4
188 610-612 3 \'4
189 613-615 3 V6
190 616~620 S S amplitude lead: I
191 621-625 5 II
192 626-630 5 I1
193 631-635 S AVR
194 636-640 5 AVL
195 641-645 5 AVF
196 646-650 S vl
197 651-655 5 V2
198 656-660 5 v3
199 661-665 5 v4
200 666-670 5 V5
201 671-675 5 vé
202 676-678 3 S duration lead: I
203 679~681 3 11
204 682-684 3 III
205 685-687 3 AVR
206 688-690 3 AVL
207 691-693 3 AVF
208 694~-696 3 vl
209 697-699 3 v2
210 700-702 3 v3
211 703-705 3 V4
212 706~708 3 V5
213 709-711 3 vé
214 712-715 4 R’ amplitude lead:I
215 716-719 4 : II
216 720-723 4 III
217 724-727 4 AVR
218 728-731 4 AVL
219 732-735 4 AVF
220 736-739 4 vl
221 740-743 4 V2
222 744-747 4 v3
223 748-751 4 V4
224 752~755 4 \'2-)
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EPICARE ECG READING CENTER
FULL REPORT RECORD FORMAT

ITEM CHARACTER FIELD DESCRIPTION
POSITION LENGTH
225 756-759 4 vé
226 760-762 3 R’ duration lead: I
227 763-765 3 II
228 766-768 3 I1I
229 769-771 3 AVR
230 772-774 3 AVL
231 775-7717 3 AVF
232 778-780 3 \'2
233 781~783 3 v2
234 784-~-786 3 v3
235 787-~-789%9 3 v4
236 790~792 3 vs
237 793~795 3 V6
238 796~799 4 J amplitude lead: I
239 800-803 4 I1
240 804-807 4 I1I1
241 808-811 4 AVR
242 812-818§ 4 AVL
243 816-819 4 AVF
244 820-823 4 vl
245 824-827 4 v2
246 828-831 4 v3
247 832-835 4 v4
248 836-839 4 Vs
249 840-843 4 V6
250 844-848 5 T negative I
251 849-853 5 amplitude lead: I1
252 854-858 S I1I
253 859-863 5 AVR
254 864-868 5 AVL
255 869-873 5 AVF
256 874-878 5 Vi
257 879-883 S v2
258 884-888 5 v3
259 889-893 S v4
260 894-898 5 VS
261 899-903 5 V6
262 904-908 5 T positive I
263 909-913 5 amplitude lead: I1
264 914-918 S III
265 919-923 5 AVR
266 924-298 s AVL
267 929-933 5 AVF
268 934-938 5 vl
269 939-943 5 V2
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EPICARE ECG READING CENTER
FULL REPORT RECORD FORMAT

A - 31

ITEM CHARACTER FIELD DESCRIPTION
POSITION LENGTH

270 944-948 5 v3

271 949-953 5 V4

272 954-958 5 VS

273 959-963 5 V6

274 964-966 3 P-R interval

275 967-969 3 Q-T interval

276 970-972 3 J-T interval

2717 973-975 3 QRS interval

278 976-978 3 Height

279 979-981 3 w§ight

280 982-984 3 Age

281 985-985 1 Sex

282 986-994 9 Race

283 995-995 1l U wave code lead: I

284 996-996 1 A=coded as absent II

285 997-997 1 by human reader. vl

286 998-998 1 *=]lead rejected v2

287 999-999 1 or bad data V3

288 1000-1000 1 L=linear baseline v4

289 1001-1001 1 E=exponential Vs

290 1002-1002 1 baseline vé

291 1003-1006 4 U wave amplitude I

292 1007-1010 4 lead: set to O II

293 1011-1014 4 if code = A or *. vi

294 1015-1018 4 v2

295 1019-1022 4 v3

296 1023-1026 4 v4

297 1027-1030 4 V5

298 1031-1034 4 vé

299 1035-1037 3 Global U wave duration

300 1038-1044 7 Dalhousie ID number
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COMPUTER TO VISUAL CODE CORRESPONDENCE

Q and QS Patterns

Exact correspondence between codes.

QRS Axis Deviation

Computer Codes Visual Codes
2-0: 0 to 90 degrees 2-0
2-1-1: 0 to -30 degrees 2-0
2-1-2: =30 to -90 degrees 2-1
2-2-1: 90 to 120 degrees 2-3
2-2-2: 120 to 150 degrees 2-2
2-3: -150 to -90 degrees 2-4
2-4: undetermined 2-5

2-codes are not coded at Minnesota ECG Reading Center.
High Amplitude R-waves

Computer Codes Visual Codes
3-0 Not present

1 3 - 4x

2 The sum of these mutually
-3 — exclusive hierarchical

4 codes equal 3-1.
3 -2
::::::] The sum of these codes

equals 3-3.

* Exact correspondence between 3-1-1 and 3-4 is not possible. 3-4 is
interpreted as the sum of 3-1 and 3-2 according to Minnesota Coding
Rules. Computer coding rules classify 3-4 or 3-1-1 as any combination
of 3-1, 3-2, and 3-3 codes.

ST Junction (J) and Segment Depression
Exact correspondence between codes.

T~-Wave Items

Exact correspondence between codes.
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COMPUTER TO VISUAL CODE CORRESPONDENCE

AV Conduction Defect

Computer Codes Visual Codes
6-0 ’ Not present
6-1 6-1~-1
6-2 6-2~1 or 6-2-2 or 6-2-3
6-3 6-3
6-4 6-4~-1 or 6-4-2
6-5 6-5
Not coded by computer 6-6
Not coded by computer 6-8

Ventricular Conduction Defect

Computer Codes Visual Codes
7-0 Not present
7-1 7-1-1 or 7-1-2
7-2 7-2-1 or 7-2-2
7-3 7-3
7-4 7-4
7-5 7-5
7-6 7-6
7-7 7-17
7-8 Combination of 7-2 and 7-7

St Segment Elevation
Exact correspondence between codes
Miscellaneous items

Exact correspondence between codes
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Left ventricular Mass Index
Dalhousie Criteria

Best ECG Predictors for Males

1. QRS Duration

2. R amplitude in V5

3. S amplitude in III

4. S amplitude in V4

5. ST slope in V6

6. Negative T depth in V5

R = 0.65

> with respect to Echo LVMI
r = 0.81
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Cardiac Infarction Injury Score:
An Electrocardiographic Coding
Scheme for Ischemic Heart Disease

P. M. RauTaHARIU, M.D., PH.D., J. W. WaRREN, B.Sc., U. JaIN, Pu.D.,
H. K. WoLr, Pua.D., anp C. L. Nietsen, B.Sc.
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Appendix K

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

P. M. RautaHariu, M.D., PH.D,, J. W. WaRREN, B.Sc., U. JaIN, PH.D.,
H. K. WoLF, Pu.D., anp C. L. NIeLsEN, B.Sc.

SUMMARY A multivariate decision-theoretic electrocardiogram (ECG) classification scheme called Car-
diac Infarction Injury Score (CI1S) was developed using ECGs of 387 patients with myocardial infarction (M1I)

. and 320 subjects without infafction. 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 a checklist contain-
ing 12 items measured from the conventional 12-lead ECG.

The CIIS test results indicate that, in comparison with conventional ECG criteria for M1 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 & 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 discase. 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 1 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 sclected
more or less intuitively, causing two major problems:
first, the feature selection and the thresholds are not
optimal and the sensitivity of the critesia tends to be
low; second, the use of a decision-tree structure results
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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 C1IS 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
noni-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 |
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 third was retained to test the accuracy of the CI1S
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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-

A ~- 38
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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
sclection 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 (—aVjg) and the inverted aVy (—aVy)
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 formasa 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
9% 93 89 93 89 82
98 82 80 95 82 i
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 71 1 99 7 70

set.

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

Abbreviations: SP = specificity (fraction of correctly classified true negatives [i.e., noninfarcts}]); SE =
sensitivity (fraction of correctly classified true positives [i.e., infarcts]); AI = association index (SP + SE —

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

Com-
ponent Lead Feature Threshold score
1 aVg 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 amplitudein mm If <05o0r 3
) T negative add 2 =3
points for each mm 2
3 -aVy R amplitudeinmm = -1 -R
R (subtract 1 point
for each mm)
4 -aVy 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,aVgp Largest Q:R ampli- =1/20 12
tude ratio
6 III, -aVy Largest Q durationin =0.040 5
seconds
7 11 T amplitude (negative >1 5
phase) in mm
8 Vv, 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 . Vg 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
measured 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;
level B, CIIS 15, possible injury; level C, CIIS 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, aVy, V, (lateral), I1,
111, aVy (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 aVy, III 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-o -avRv vh vlo vl' vd and vl)-

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
1. Q-wave duration
2. Q-wave amplitude
3. Q/R amplitude ratio
4. R-wave amplitude
. S-wave amplitude
. R/S amplitude ratio
. J-point amplitude
. ST amplitude 80 msec past J point
. 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

0O 00 3 !

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
CI1S 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

A - 40
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Quantization
Feature Lead level Weight
1. T amplitude (positive phase) (uV) -aVp Continuous -0.0262
2. Largest Q:R amplitude ratio 11, 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 (uV)- -aVp Continuous -0.0093
5. S amplitude (uV) Vs Binary 5.50 if <183
6. T amplitude (negative phase) (uV) aVy Continuous 0.0244
7. R amplitude V. Temary 4.76 if <302
or > 1398
0 otherwise
8. Q duration (msec) aVy Ternary 4.83 if0
or=228
0 otherwise
9. T amplitude (negative phase) (uV) 11 Binary 6.63 if > 98
0 otherwise
10. T amplitude (positive phase) (uV) -aVp Binary 5.72 if < 146
0 if=146
11. T amplitude (positive phase) (V) aVy Ternary 3.10if<52
. or > 272
12. Q duration (msec) aVy Continuous 0.1330
13. Largest Q duration (msec) 111, -aV Binary 4.50 if =40
0 if<40
14. T positive amplitude (uV) v, Binary 391 if =240
0 if<240
15. T amplitude (negative phase) (uV) Vy 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
—aVpy 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 C11S 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 CIIS 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
CHS 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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FiIGUuRe 1. A sample tracing illustrating
the Cardiac Infarction Injury Score. Frontal

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 to an ab-

normal Cardiac Infarction Injury Score in

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

points 1o the total score. Other contributions

come from aV\, (absent Q, T less than 0.5

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

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

14 mm) and V, (S amplitude less than 2

mm). The amplitude and time scales have

been expanded (1 mV =20 mm and |

second = 50 mm).

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 CIlS=15 CIlIS=20

of infarct subjects (%) (%)
Less than 1 week 102 9% 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 = 11, III, aVy; 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.

ARIC PROTOCOL 5.

Electrocardiography -~ Visit 3.

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, alarge T or a negative T in aV,, a negative T in
I11, 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 CIIS scheme is not based on a
*“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
representation of one feature resulted in 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
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
CIIS in each study group can improve the statistical
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
changes of CI1S in case of serial comparison of annual
ECGs.

The CIIS belongs to a family of statistical
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 for a variety 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
by the uninitiated with the probabilistic Bayesian
statistical approach have confounded these problems,
particularly regarding proper use of prior proba-
bilities, which is mandatory for optimal classification.
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.

The grouping of ECG leads in the CIIS scheme
differs substantially from that in the Minnesota Code.
The Minnesota Code has three groups of leads: 1, aV,
and Vg, I1, 112 and aV,, aad 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 diagnostic accuracy of a classification system
depends on the prevalence of infarcts in the popula-
tion.'” Two groups of investigators can reach
marked! different conclusions on diagnostic accuracy
of a clessifier even when both groups use identical
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criteria to select their test groups. This apparent
paradox can occur if there are large 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 matching the prior probabilitics to the ex-
pected prevalence of different conditions in the specific
population in which the classifier is used. With the
CIIS 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 prevalence of
infarcts, a CIIS level of 20 or higher score would be
more appropriate.

An 85% sensitivity for detecting myocardial infarc-
tions in the test group with 95% specificity (i.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 subjects frequently have ECG changes that
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 present study to deter-
mine how well the CIIS can identify the anatomic
location of the infarct, because no ECG-independent
data on the location 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 leads or lead groups can best be
used to identify the location of the infarct.

Changing electrocardiographic recording tech-
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 resistant to minor aberrations
in the fidelity or quality 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 uV instead of 100
uV. The measurement rules for CIIS call for a
systematic use of the majority rule when beat-to-beat
deviations are observed in the quantities measured. In
computer-based coding, a representative complex
derived on the basis of selective 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 ClIS 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 reflects 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 electrocardiograph 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 those 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 10
provide, even for visual coding, a display format with much better
resolution than 25 xV. 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 on a beat-by-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, followed by alignment and selective averaging of
complexes.®

The CHIS coding scheme is not hierarchical like the Minnesota
Code. This implies that each of the 15 components of the CIIS is
cvaluated scparately 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 Codable 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 deflection,
positive or negative, 25 4V or more in amplitude regardless of its
duration.

The first wave is an initial 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 uV 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.

S 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 a QS wave is considered 1o 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) @ wave duration in lead aV,. Mecasure 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 defiection % mm or
more in emplitude.
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(2) T-wave amplitude in aVy. 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 aVy
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 (—aVy) 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 fiat or small T wave
in —aVy lead adds to the score and a tall T wave subtracts from the
score. In our case, the most positive deflection 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 Il and aV,. 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.

(p) Q-wave duration in leads 11 and ~aVy. A 40-msec or larger
Q wave in cither 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 inaV,,
$0 no points are scored.

(7) T-wave amplitude in lead II1. If any portion of the T-wave
measurement window is more negative than | mm, § 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 (2 14 mm) contributes 5 points. In figure | thereisa
QS in lead V,, which adds § points.

(10) T amplitude in lead V,. Any negative T-wave segment con-
tributes 5 points. In figure 1 there is & biphasic (positive/ncgative) 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 CIIS severity level A.
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Evidence of past myocardial infarctionis helpfulin
identifying patients at high risk for future heart
attack. Current criteria are insensitive, especially
it the Ml is not extensive or transmural: ECG
changes observed may be only nonspecilic. In
addition, a considerable portion ot 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 inserial ECG
comparison. This approach improves the sensitiv-
ity of Ml detection while retaining adequately high
specificity.

B The poor reliability of clinical criteria for myocar-
dial infarction (MI) is due to several conditions (Table
1). The electrocardiogram is a fairly complex muttidi-
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 I11 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 2 complicated statistical prob-
fem. 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 difficulties.

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. Table 1
Problems with Current Mt Criteria
FASTTAKE Mainly insensitive univariate features
Misclassification: When ECG classification is based ’ .
on a few sequential steps or there is some degree of Large overlap of MI, non-MI populations
biologic or technical variation (e.g., error in electrode Suboptimal thresholds
placement), misclassification can easily result.
“Infarctions in areas that do not involve the initial Overemphasis on Q yvaves
sequence of ventricular excitation are often missed Vulnerable to biological and technical
because Ml has traditionally been diagnosed by variation.
looking for Q waves. ’
Table 2
Valuable ECG Features often Overlooked in
Finally, because M1 has traditionally been diagnosed Diagnostic Interpretation
Py looking f9r Q waves, infarctions in areas that .do pot Absent Q wave In avL
involve the initial sequence of ventricular excitation N .
tend to be missed. The Cardiac Infarction Injury Score Initial R-wave duration in aVL
(CIIS) offers a new way of quantifying ‘‘non-specific’ Small S in aVR (or small R in inverted aVR)
diagnostic information that is often overlooked in clini- N . o
cal ECG interpretation. egative T in I
Positive Tin V,
The CIIS ECG Classifier Tall Rin V.
The CIIS classifier was developed from a data file con- ?
taining the ECGs of 387 MI patients and 320 persons SmallSinV, and V,
without infarction. Selection criteria for the M1 group,
. Continvedon page 179
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Fig. 1. A sample ECG for practice coding using the CIIS coding form in Table 3. The
amplitude scale is expanded (20 mm = 1 mV) and the speed i is S0 mmlsec Note: -aVR is the
invertied aVR and -aVL is the mverted aVvL fead.
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Table 3
ClIS Coding Form
Component Feature
1 Qavl
Score
2a T Pos avL
Score
P T Neg avL
) Score
3 R -avR
Score
4 T Pos -avR
Score
5 QR1I, avF
Score
6 Qlll, -avlL
- Score
7 T Neg Uil
Szore
8 T Pos V,
Score
9 RV,
. Score
10 TNeg
Score
11 QRV,
Score
12 SV,
Score
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Definitions and CI\S coding rules

1. All a2mplitude measurements are made with respect to PR

baseline at the beginning of QRS.

Initial QRS deflection exceeding ¥4 mm if
it is negative.

2. Q wave:

3. R wave:

ARIC PROTOCOL 5.

Largest positive deflection within QRS

5. S wave:

6. T Pos:

exceeding Y4 mm. If no R wave meets this
definition, QRS is labeled QS wave,

Electrocardiography - Visit 3.

4, For ClIS coding, QS qualifies for a Q wave,

Largest negative deflection within QRS,
following a positive deflection exceeding

Ya mm.

Largest positive ST-T amplitude within a
window B0 msec past the end of ORS to

theendof T.
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MI INJURY SCORE

Szveilly Levels of the Mi Score
The M score is classilied at three levels of
the tikelihood of an MI:

1. Level A: NI score 20 or more, indicates
probable injury, with an estimated specificity
of 98 per cent (i.e., 2 per cent false positives
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: M! score 10 or moré but less
than 15, indicates a borderline abnormality,
with 90 per cent specificity.

The CliS Scoring Procedura

The ECG in Fig. 1 is used here to illustrate the
CIIS 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
12-step procedure. This sequence also follows
the logical order of the orientation of lead
vectors in the frontal plane from aVL through
I1l. Note that the inverted lead aVR (- aVR)
falls between leads | and Il

S!ep 1. Qin 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 nomts

Step2b. T Neg avL: The Iargest negative
STT amplitude is 0.5 standardized mm. Score
1 point.

Step 3. 'R —aVR: Rininverted aVR Is 2.5
standardized mm. This is closer to 2 than

4 mm, and the_ score Is —2. Subtract 2 points
from the total score.

Step4. TPos —aVR: The largest positive
amplitude in inverted aVvR is 0. Score 6 points.

Step 5. Q:R 11, aVF: Largest Q:R ratio in Il _

“diagnostic Q waves.

“of the left ventricle. This old septal infarction

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 original ECG is %,
This exceeds the limit %. Score 12 points.

Step 6. Qlll, —avL: There is aQS wave inlll
and inverted aVL, both exceeding 40 msec.
Score 5 points.

Step 7. T Neglil: There is no negahve STT
deflection in 11l 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,: R amplitude in V, about 5
standardized mm, which Is more than 3 and
less than 14 mm, the abnormal limits given.
Score 0. |

Step 710. T Neg V;: There Is no negative STT
amplitude in V, exceeding % mm. Score 0.

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

Step 12.  SV,: S-wave amplitude In V, is 1
standardized mm. This is less than the 2 mm
limit given. Score & points.

The total score is 44 points, which is far in
excess of the limit 20, or CIIS level A,
probable injury. ECG changes are relatnvely
“minor, with the exception of slightly negative
T waves In the left-sided leads and QS in V,
with 1 mm ST-segment elevahon There are no

‘The patient died from a' massive gcute
recurrent lnfarctnon 3 weeks after the ECG
-was taken. This was confirmed on autopsy,
which also showed arecent nontransmural
septal infarction and a small right ventricular’
aneurysm in the anterior wall near the border.

probably Is associated with the typical
enzyme changes that peaked 2 days after the
ECG In Fig. 1 was recorded.

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. A -avR: R amplitude in inverted aVR. This is

equivalent to a Q, S, or QS amplitude In
ordinary aVR, whichever is largest.

Primary Cardiology June 1983
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10. T pos -aVR. T pos amplitude in inverted avVR. This is
equal to T neg amplitude in ordinary avVR.
Inverted unipolar avL.

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

11. ~avl lead:
12. Q -avL:

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

Continuedon page 179
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Appendix L

Ml INJURY SCORE

Contirued frompzge 172

seen at the Halifax lnﬁrniar;.'. 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 M1, 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 Ml 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 CIIS development, it has become obvi-
ous that an abundance of usually ignored diagnostic in-
formation is contained in the 12-lead ECG (Table 2).
Lead aVR, for instance, contributed significantly to Mi
detection. Although this may seern implausible at first,
if the inverted aVR is seen as a lead between Jeads 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.

FAST TAKE

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-Mls.

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

MI 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
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Tehiz 4

Dicgnostic Arcurucy ol the CliI3 Classilizrin

DQSI'_‘]"I ar:d Test Ssis.*
Design File Test File

Specificiiy Sensitivity Specificity Sensitivity

(%) (%) (%) (%)
90 97 89 94
96 94 93 92
98 88 95 85

100 71 99 71

* The cutof! points of the score were chosen to yield a
speciticity of 90, 98, 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 M1 score is obtained by adding up the contrib-
utions of each component. '

A relatively small subset of the features is usuall) 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 Mi score is made up of the sum of the individual
components. The 12-step sequence should be
followed systematically to avoid possible errors in
ECG coding and interpretation.

CIiS Diagnostic Accuracy

One-third of the ECG data file mentioned earlier was
randomly chosen to test the diagnostic accuracy of the
CHS 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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Appendix L

Table 3. NOVACODE Serial ECG Classification Codes

Hierarchic mutually exclusive classification categories for serial ECG
changes. ECG classification proceeds in steps A to I below and is completed
as soon as the criteria in any category are met. Decision boundaries for
various categories are illustrated in Fig. 1.

CODE:

A.

E.
F.
G.
H,

DEFINITION:

Serial change uncodable

A.l Follow-up or acute event ECGs not available

A.2 Quality inadequate for serial coding

A.3 Suppression code present

A.3.1 WPW (MC 6.4.1) or artificial pacemaker (MC 6.8) in reference
ECG

A.3.2 WPW (MC 6.4.1) or artificial pacemaker (MC 6.8) present in
all follow-up or acute event ECGs

A.3.3 Serial change uncodable due to ventricular conduction defect
in reference ECG

New ventricular conduction defect (VCD)

B.1l New LBBB AQRS dur > 20 mSec.

B.2 New RBBB AQRS dur > 20 mSec.

B.3 New IVCD (VCD, indeterminate type), AQRS dur > 20 mSec.

B.4 New VCD pattern, AQRS dur < 20 mSec.

New MI (Q-wave MI, C1, C2)

c.1 Major Q-wave evolution

C.2 Minor Q-wave evolution with evolving ST-T

c.3 Minor Q-wave evolution without evolving ST-T

Evolving profound ST-T abnormalities

(non-Q-wave MI for acute events)

Evolving major ST-T abnormalities with non-evolving Q-QS waves

Evolving major ST-T abnormalities without significant Q-QS waves

Non-evolving Q, QS waves

Non=-evolving ST-T abnormalities

H.1 Non-evolving major ST-T abnormalities

H.2 Non-evolving minor ST-T abnormalities

No significant Q-QS or ST-T abnormalities or serial changes

ARIC PROTOCOL 5. Electrocardiography - Visgit 3. VERSION 3.1 06/95
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Q, QS Non- Q, QS Evolving Serial Change
Evolving Uncodable
Q, QS Score Q, QS Score
Increase
s < 15 S > 15 As > 15 | As > 25 | New VCD Suppres-
sion
Code
Present
ST-T
Non- s < 10 1 G3 Bl Al
Evolving LBBB
S > 10 H2 G2 c3 B2 A2
‘ RBBB
s > 20 H1 Gl c1 B3 A3l
IVCD
Delta B4
ST-T S > 20 F E vCD A32
Evolving c2 AQRS<20
Delta
S > 30 D A33
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ARIC COHORT

12 Lead Resting ECG Coding Form

ID: - Acrostic:

Type of visit: 1 Baseline Visit ECG Technician Code:

2 Second Visit

ECG Coder No.:

Date ECG recorded at Field Center:

Day Month Year
Date sent to Minnesota Coding Center from Halifax:
Day Month Year
Date of coding:
Day Month Year
S-T Junction T ST A-V Ven- S |Tec| C
Q and QS and Segment Wave Segment Con- |tric- Miscellaneous Heart ulprPijl
Patterns Depression Items Elevation | R | duc- ular Items Rate pi{r|e
(4} 9] (4X) (5X) (9.2) tion |Conduc- (per plo]a
3 |Defect | tion minute) r.| b.| r
w23 | v || 23 | vi | | 23| vi| 1] 23} vi| x Defect | 9|9 | 9| U
V6| F vs | vé FIV5 | V6| F | V5| V6| F| V5 (6X) 7x) 11345 8 | 98} 10
Specify:
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Comparison Rules for Simultaneously Evaluated ECGs

Event ECG
Minnesota Code Comparison Rule for Determining
Q-Code 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 Vy when V4 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 of > 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 of
mm initial R-wave amplitude decrease in lead III of event ECG
compared with lead III of baseline ECG.

v
[

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 > 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.

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 > 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 III Q/R ratio of event ECG plus

in IIIX the appearance of a codable and NEW Q-wave in avVF OR > 1 mm
initial R-wave amplitude decrease in lead III of event ECG plus
the appearance of a codable and NEW Q-wave in aVF compared with
leads III and aVF of baseline ECG.
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1-2-6

1-3-5

A - 54

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.

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

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

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.

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

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.

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.

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.

Requires > 1 mm decrease in initial R-wave amplitude in both III

and avVF of event ECG compared with leads III and aVF of baseline
ECG.

ST Degression Code - Increase

4-1

Requires baseline record have no 4-1 or 4-2 code, 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.

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.

Requires baseline record have no 5-1 or 5-2 or 5-3 code, and 5-2
appears in event ECG, OR there must me a 50% AND 1 mm change in T-

wave inversion compared with corresponding lead(s) of baseline
ECG.
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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.

* Majority rule applies for all codes. (Final pattern in baseline based
on majority vs. final pattern in event based on majority).

ST Depression Code - Decrease

4-1 Requires event record have no 4-1 or 4-2 code, 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.

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.

* 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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PROTOTYPE

ARIC Hospital Surveillance ECG Classification 1D:

—— men men e ——— — =

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

A. Check one: 1. ECG not classified because of a SUPpreEfTon Pattern [:]

2. ECG not classified because Uncodable
3. ECG classified below .
B. Check one: Does ECG have 7-1-1 or 7-2-17 1. NO D 2. YES

(epecify,
C. Check one: (Look for 1. first, then 2.) see note below)
LEAD CHARACTERISTICS ALSO MUST HAVE
1 QS Pattern oo
1. [:] 1 or vé Q => 0.03 sec -
I or Vé Q =) 0.02 sec Q/R ratio =» 1/3 in same beats
AVL Q => 0.04 Bec R amp. = 3mm in same beats
1 or vé Q@ =» 0.02 sec Q/R ratio =» 1/5 in same beats
2 D AVL Q@ => 0.03 sec R amp. => 3mm in same beats
3. [:J I AND AVL AND V6 -- NONE OF THE ABOVE
D. Check one: (Look for 1. first, then 2.}
11 QS Pattern e
II Q = 0.03 sec - -
1. [:] 11 Q => 0.02 sec Q/R ratio =) 1/3 in same beats
lead III Q =» 0.04 sec Q => lmm deep in majority in AVF
{ AVF Q =» 0.04 BE&C -
[ 11 Q => 0.02 sec Q/R ratio =» 1/5 in same beats
2. [:] lead III Q =» 0.03 sec Q => imm deep in majority in AVF
lead I1I QS Pattern *QS Pattern in AVF
_AVF. Q = 0.03 sec --
3. [:] I1 AND 1III AND AVF -~ NONE OF THE ABOVE
E. Check one: (Look for 1. first, then 2.)
r Vi Q => 0.04 sec --
vi QS Pattern QS Pattern in V2 AND V3 AND Va4
V1 QS Pattern *QS Pattern in V2 AND V3
any of Q@ =) 0.03 sec -
4 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
va any Iniefat 88 Eattern 0. V8
~ V5 any Initial R QS Pattern in Vé
( Vi QS Pattern QS Pattern in V2
any of
V2 - Vs Q = 0.02 sec Q/R ratio => 1/5 in same beats
- v Initial R » 2mnm *2Initial R ¢= 2mm in V2 (Init. R's
2. [:]* v2 Initial R > 2mm sxInitial R <= 2mm in V3 in ALL
V3 Initial R » 2mam tsInitial R ¢= 2ma in V4 beats of
V4 Initial R » 2mm s2Initial R <= 2mm in VS BOTH
L.VS Initial R » 2am stInitial R «= 2mm in V6 leads.)
3.[:] V1 AND V2 AND V3 AND V4 AND VS -~ NONE OF THE ABOVE

- —— -~ - -~ = " B 4 = A - . - = oS WD = e - - -

®* Do not look for this if ECG has 7-1-1 (Left Bundle Branch Block)
*s Do not look for this if ECG has 7~1-1 OR 7-2-1 (Right BBB)
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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. Quality control
observations should occur every six months.

The ECG training supervisor should not make any comments during the recording.

I. Identifying Information

1. Field Center:

2. ECG Technician: Tech. No.
3. ECG Supervisor: Tech. No.
4. Date: __ /[

5. Biannually: _____ January _July (19 _ _ )

ARIC PROTOCOL S. Electrocardiography - Visit 3. VERSION 3.1 06/95
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Appendix Q

ECG Technician Procedure Review (cont’d)

Yes

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 alcochol, ( )

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.

Place the chest quare firmly on the ( )
lower sternum at location E and at
location V6.

Read the distance OE to the nearest ( )
0.5 cm. Write down on scratch paper.

Read the distance OV6 to the nearest
0.5 cm. Write down on scratch pater. ( )
V4 position correctly marked using ( )

tape measure.

V3 position correctly marked using a { )
flexible ruler.

VS 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.

ARIC PROTOCOL 5. Electrocardiography - Visit 3.
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ECG Technician Procedure Review (cont’d)

Yes No Comments

20. Electrodes and leadwires checked. ( ) |« )

21. Subject asked to relax, lie quietly. ( ) ( )

22. Electrodes on skin 2-5 minutes before ( ) )
taking ECG.

23. MAC PC display watched for error ( ) |« )
messages.

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

25. If display counts past 45: Repeat skin ( ) )
preparation using 2 strokes with fine
"sandpaper. Replace with new electrodes
on limb leads first, if necessary
replace all.

26. ECG tracing removed from the MAC PC. ( )y | )

27. ECG examined for baseline drift, noise ( ) ( )
60-cycle interference and muscle tremor.

28. When technically inadequate, ECG { )y | )
re-recorded until an acceptable
recording is achieved.

29. Electrodes removed. ( ) I | )
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ARIC ECG CERTIFICATION

(To be filled in by Field Center)

Appendix R

ECG Technician Name: Number:

Field Center:

Date Certification Tracings Taken: / /

Instructions:

ARIC ECG Procedures.

the word Room.

ECG Reading Center:

MN 55454-1015.

is made by the Coordinating Center upon receipt of this
completed form from the ECG Reading Center.

Obtain three 12-lead resting ECGs as specified in the
Write the Technician name on the ECG,
the Technician number must be printed by the MAC PC next to

Send the ECGs and one copy of this form to the ARIC
ARIC ECG Reading Center-Minneapolis,
Division of Epidemiology, University of Minnesota, School of
Public Health, 1300 S. 2nd Street, Suite 300, Minneapolis,

Notification of the technician’s certification status

(To be filled in by ECG Coding Center)

Date Tracings Received: / /
Comments:
Certified YES
Signature of Certifying Agent
No Y Y S
Date
Date Sent to Coordinating Center: / /
Date Sent to Field Center: / /

ARIC PROTOCOL 5. Electrocardiography - Visit 3. VERSION
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Procedures for MAC PC Calibration Check
ECG Coding Center Procedures

The Coding Lab supervisor 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 Coding
Lab supervisor 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
Coding Lab Supervisor contacts the Field Center about appropriate
action.

The Coding Lab Supervisor enters the data and graphs comparisons
of wave height at the end of every calendar quarter. These
results are sent to the Coordinating Center.

ARIC Field Center Procedures

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

Instruction 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 old battery with the new battery
included in the mailing.

3. Remove the adaptor wires (clips) from the lead wire plugs.
4. Plug each lead wire into the simulator in its proper hole.
S. 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, just turn it all
the way left.

6. Press F1 (PatiInfo).

7. For Last Name: CALIBRATION TEST.

8. For First Name: Site Number (MN = 5, NC = 6, MD = 7, MS =
8) :

9. For ID number put Technician ID.

10. Press Return.

11. Press the STOP symbol when it asks for Referred 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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II.

Appendix S

ARIC Pield 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 something wrong with your Acquisition Module (the white box
with all the lead wires coming out of it).

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

b. 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.

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

Transmit the Calibration ECG with your next batch to EPICARE.
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
requested to:

ECG Reading Center
Division of Epidemiology
University of Minnesota
1300 S. 2nd Street

Suite 300

Minneapolis, MN 55454-1015

* (Please pack the simulator very carefully!)
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Marquette ECG Simulator Measurements

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 / 5 intervals = =
mm / interval overall HR

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

mm =
1st interval Short Term HR

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

( + + ) / 3 = average PR duration

VOLTAGE CALIBRATION:

Measure the last 3 complete waves of the lead in question. If there are only
2 complete waves then divide by 2, instead of 3, to get the average. The
beats themselves do not have to be complete.

R-wave in I: ( + + )y / 3 =
R-wave in II: ( + + ) / 3 =
R-wave in III: ( + + )y / 3 =
Calibration: ( + + Yy / 3 =
T-wave in II: ( + + Y/ 3 =
S-wave in V1: ( + + ) / 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
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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).

Cc. 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 Diag.)
No Inc. - Inc. -- EV3 (Evolving ST-T)
Inc. - No Inc. -- D1l (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 Ssignificant 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.

Definition of Terms:

No Q Code - No 1-x-x

Diagnostic Q Code - Minnesota codes 1-1-1 through 1-2-5 plus 1-2-7

Equivocal Q Code - Minnesota code [(1-2-8 in the absence of 7-2-1 or 7-3) or
any 1-3-x code]

Major ST-Segment Depression - Minnesota code 4-1-1, 4-1-2, or 4-2

Major T-Wave Inversion ~ Minnesota code 5-1 or 5-2

ST-Segment Elevation - Minnesota code 9-2

Evolving Diagnostic ECG:
ED1. If the following condition is met for any lead group, then ED1 is
positive. Either no Q-code or a 1-2-6 code in reference ECG followed by

a record with a Diagnostic Q-code in the same lead group OR any code 1-3-
x or 1-2-8 in reference ECG followed by a record with any code 1-1-x in
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ED2.

ED3.

ED4.

EDS.

EDG.

ED7.

the same lead group and there is no 7-1-1 code neither ECG, then ED1 is
positive. :

If an Equivocal Q-code in some lead group of reference ECG is followed by
a record with a Diagnostic Q-code in the same lead group, AND if there is
also a lead group not necessarily the same as for the Q-code change, in
which there is no Major ST-segment Depression in reference ECG but
followed by a record with a Major ST-segment Depression in that same lead
group and there are no 7-1-1, 7-2-1, or 7-4 codes in either ECG, then ED2
is positive.

If an Equivocal Q-code in some lead group of reference ECG is followed by
a record with a Diagnostic Q-code in the same lead group, AND if there is
also a lead group not neceggsarily the same as for the Q-code change, in
which there is no Major T-wave Inversion in reference ECG but followed by
a record with a Major T-wave Inversion in the same lead group and there
are no 7-1-1, 7-2-1, or 7~4 codes in either ECG, then ED3 is positive.

If an Equivocal Q-code in some lead group of reference ECG is followed by
a record with a Diagnostic Q-code in the same lead group, AND if there is
also a lead group not necessarily the same as for the Q-code change, in
which there is no ST-segment Elevation in reference ECG but followed by a
record with the ST-segment Elevation in that same lead group and there
are not 7-1-1, 7-2-1, or 7-4 codes in either ECG, the ED4 is positive.

If there is no Q-code or a 1~-2-6 code in some lead group of reference ECG
is followed by a record with an Equivocal Q-code in the same lead group,
AND if there is also a lead group not necessarily the same as for the Q-
code change, in which there is no Major ST-segment Depression in
reference ECG but followed by a record with a Major ST-segment Depression
in that same lead group and there are not 7-1-1, 7-2-1, or 7-4 codes in
either ECG, then ED5 is positive.

If there is no Q-code or a 1-2-6 code in some lead group of reference ECG
is followed by a record with an Equivocal Q-code in the same lead group,
AND if there is also a lead group not necessarily the same as for the Q-
code change, in which there is no Major T-wave Inversion in reference ECG
but followed by a record with a Major T-wave Inversion in that same lead

group and there are no 7-1-1, 7-2-1, or 7-4 codes in either ECG, then ED6
is positive.

If there is no Q-code or a 1-2-6 code in some lead group of reference ECG
is followed by a record with an Equivocal Q-code in the same lead group,
AND if there is also a lead group not necessarily the same as for the Q-
code change, in which there is no ST-segment Elevation in reference ECG
but followed by a record with an ST-segment Elevation in that same lead

" group and there are no 7-1-1, 7-2-1, or 7-4 codes in either ECG, then ED7

is positive.

Evolving ST~-T Pattern:

EV1.

ARIC

(This diagnosis cannot be assigned if a 7-1-1 or 7-2-1 or 7-4 code is
present)

If a reference ECG has either a 4-0 (no 4-code), 4-4 or 4-3 present in
some lead group and is followed by a record with either a 4-1-1, 4-1-2,

or 4-2 in that same lead group, and the code increase is confirmed by
visual comparison, then EV1 is positive. '

OR
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If a reference ECG has a 4-2 present in some lead group and is followed
by a record with a 4-1-2 in that same lead group, and the code increase
is confirmed by visual comparison, then EV1 is positive.

OR

For hospital ECGs only, if the earliest hospital ECG has either a 4-1-1,
4-1-2, or 4-2 present in some lead group and is followed by an event
record with either a 4-0, 4-4, or 4-3 in the same lead group, and the
code decrease is confirmed by visual comparison, then EV1 is positive.

OR

For hospital ECGs only, if the earliest hospital ECG has a 4-1-2 present
in some lead group and is followed by an event record with a 4-2 in the
same lead group, and the code decrease is confirmed by visual comparison,
then EV1 is positive.

PLUS

No 7-1-1, 7-2-1, or 7-4 present in either ECG. 1In addition, 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 in Q codes
found.

EV2. If a reference ECG has either a 4-2 or 4-1-2 present in some lead group
and is followed by a record with a 4-1-1 in that same lead group, and the
code increase is confirmed by visual comparison, then EV2 is positive.

OR

For hospital ECGs only, if the earliest hospital ECG has a 4-1-1 present
in some lead group and is followed by an event record with either a 4-1-2
or 4-2 in the same lead group, and the code decrease is confirmed by
visual comparison, then EV2 is positive.

PLUS

No 7-1-1, 7-2-1, or 7-4 present in either ECG. 1In addition, 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 in Q codes
found.

EV3. If a reference ECG has either a 5-0, 5-4 or 5-~3 present in some lead
group and is followed by a record with either a 5-2 or 5-1 in that same
lead group, and the code increase is confirmed by visual comparison, then
EV3 is positive.

OR

For hospital ECGs only, if the earliest hospital ECG has either a 5-1 or
5-2 present in some lead group and is followed by an event record with
either a 5-0, 5-4 or 5-3 in the same lead group, and the code decrease isg
confirmed by visual comparison, then EV3 is positive.

Plus

No 7-1-1, 7-2-1, or 7-4 present in either ECG. 1In addition, 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 in Q codes
found.

EV4. If a reference ECG has a 5-2 present in some lead group and is followed
by a record with a 5-1 in that same lead group, and the code increase is
confirmed by visual comparison, then EV4 is positive.

OR

For hospital ECGs only, if the earliest hospital ECG has a 5-1 present in
some lead group and is followed by an event record with a 5-2 in the same
lead group, and the decrease is confirmed by visual comparison, then EV4
is positive.

PLUS

No 7-1~1, 7-2-1, or 7-4 present in either ECG. In addition, either no Q-
code in both the reference ECG and the follow-up ECG OR Q-code(s) present
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EVS.

EV6.

EV7.

EVS8.

in reference ECG or follow-up ECG but no significant increase in Q codes
found.

If a reference ECG has either a 9-0 or 9-2 present in some lead group and
is followed by a record with a 9-2 in that same lead group, and the code
increase is confirmed by visual comparison, then EVS is positive.

OR

For hospital ECGs only, if the earliest hospital ECG has a 9-2 present in
some lead group and is followed by an event record with either a 9-2 or
9-0 in the same lead group, and the code decrease is confirmed by visual
comparison, then EV5 is positive.

PLUS

No 7-1-1, 7-2-1, or 7-4 present in either ECG. In addition, 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 in Q codes
found.

If a reference ECG has a 4-1-1 present in some lead group and is followed
by a record with a 4-1-1 in that same lead group, and the code increase
is confirmed by visual comparison, then EV6 is positive.

OR

For hospital ECGs only, if the earliest hospital ECG has a 4-1-1 present
in some lead group and is followed by an event record with a 4-1-1 in the
same lead group, and the code decrease is confirmed by visual comparison,
then EV6 is positive.

PLUS

No 7-1-1, 7-2-1, or 7-4 present in either ECG. 1In addition, 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 in Q codes
found.

If a reference ECG has a 5-1 present in some lead group and is followed
by a record with a 5-1 in that same lead group, and the code increase is
confirmed by visual comparison, then EV7 is positive.

OR

For hospital ECGs only, if the earliest hospital ECG has a 5-1 present in
some lead group and is followed by an event record with a 5-1 in the same
lead group, and the code decrease is confirmed by visual comparison, then
EV7 is positive.

PLUS

No 7-1-1, 7-2-1, or 7-4 present in either ECG. In addition, either no Q-
code in both reference ECG and the follow-up ECG OR Q-code(s) present in

reference ECG or follow-up ECG but no significant increase in Q codes
found.

If a reference ECG has a 5-2 present in some lead group and is followed
by a record with a 5-2 in that same lead group, and the code increase is
confirmed by visual comparison, then EV8 is positive.

OR

For hospital ECGs only, if the earliest hospital ECG has a 5-2 present in
some lead group and is followed by an event record with a §-2 in the same
lead group, and the code decrease is confirmed by visual comparison, the
EV8 is positive.

PLUS

No 7-1-1, 7-2-1, or 7-4 present in either ECG. 1In addition, 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 in Q codes
found.
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D1l.

D2.

Appendix T

no c ECG:

(any ECG may be used for this classification) \

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

An ECG record with ST-segment elevation code 9-2 PLUS (T-wave inversion
code 5~1 or 5-2 in the absence of 7-2-1 or 7-4).

Equivocal ECG:

(any ECG may be used for this classification)

El. An ECG record with an Equivocal Q-code [ (Minn. code 1-2-8 in the absence
of 7-2-1 or 7-3) or (any 1-3 code)].

E2. An ECG record with ST-segment depression (code 4~-1-x or 4-2 or 4-3 in the
absence of 7-2-1 or 7-4).

E3. An ECG record with T-wave inversion (code 5-1 or 5-2 or 5-3 in the
absence of 7-2-1 or 7-4).

E4. An ECG record with ST~segment elevation code 9-2 (in the absence of 7-2-1
or 7-4).

Other ECG:

O0l. Reference ECG coded 7-~1-1.

02. Any ECG coded 7-1-1.

OTHERWISE

03. Normal ECG(s), defined as 1 in "clear" field of all ECGs.

04. oOther findings including 1-2-6.

Uncodable ECG:

Ul.

Technical errors coded 9-8-1 by Minnesota Code.

Absent ECG:

aAl.

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 V4 - V3. Event ECG shows QS pattern V{ - V3, making a 1-2-7 code.
Significant ECG pattern change IS confirmed because > 1 mm R-wave amplitude decrease occurs between the ECGs
in leads Vi - V3.

" BASELINE ECG . EVENT ECG
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19. Minnesota Code 1-2-7
Baseline shows small initial R-waves in V2 and V3. Event ECG shows QS pattern V1 - V3, 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 V3. (Note majority of initial R-waves in V3 at baseline are < 1 mm. )
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