
The Minnesota Code Manual of Electrocardiographic 
Findings: Standards and Procedures for

Measurement and Classifi cation



The Minnesota Code Manual 
of Electrocardiographic Findings
including measurement and comparison with the Novacode 

Standards and Procedures 
for 

ECG Measurement 
in

Epidemiologic and Clinical Trials

 
                              

Ronald J. Prineas, MB, BS, PhD
Richard S. Crow, MD 
Zhu-Ming Zhang, MD 

                              

Illustrated by Xueling Hu, M.S. 

From the EPICARE, Division of Public Health Sciences, 
Wake Forest University School of Medicine, and

 The Division of Epidemiology, School of Public Health, University of Minnesota.

Second Edition
New and Enlarged



Ronald J. Prineas Richard S. Crow
Wake Forest University University of Minnesota
School of Medicine Minneapolis, MN
Winston-Salem, NC USA
USA crow@epi.umn.edu
rprineas@wfubmc.edu 

Zhu-Ming Zhang
Wake Forest University
School of Medicine
Winston-Salem, NC 
USA
zmzhang@wfubmc.edu

ISBN 978-1-84882-777-6 e-ISBN 978-1-84882-778-3
DOI 10.1007/978-1-84882-778-3
Springer London Dordrecht Heidelberg New York

Library of Congress Control Number: 2009937250

© Springer-Verlag London Limited 2010
Apart from any fair dealing for the purposes of research or private study, or criticism or review, as permitted under the Copyright, 
Designs and Patents Act 1988, this publication may only be reproduced, stored or transmitted, in any form or by any means, with 
the prior permission in writing of the publishers, or in the case of reprographic reproduction in accordance with the terms of licences 
issued by the Copyright Licensing Agency. Enquiries concerning reproduction outside those terms should be sent to the publishers.
The use of registered names, trademarks, etc. in this publication does not imply, even in the absence of a specifi c statement, that such 
names are exempt from the relevant laws and regulations and therefore free for general use.
Product liability: The publisher can give no guarantee for information about drug dosage and application thereof contained in this 
book. In every individual case the respective user must check its accuracy by consulting other pharmaceutical literature.

Printed on acid-free paper

Springer is part of Springer Science+Business Media (www.springer.com)



Dedication: 

To our mentors and colleagues, Henry Blackburn, 

Pentti Rautaharju, and in memory of Geoffrey Rose 



vii

Contents
       Preface for the second edition .............................................................................................................    ix
       Preface for the fi rst edition ..................................................................................................................    xi
       Acknowledgments ...............................................................................................................................  xiii

1     What is the Electrocardiogram or ECG? .............................................................................................    1
 The Electricity Part of the ECG

2    ECG Leads ..........................................................................................................................................    6
 Bipolar Limb Leads(I, II, III) / Unipolar Limb Leads(aVR, aVL, aVF) / Chest Leads 
 (V1, V2, V3, V4, V5, V6)

3     Measuring Devices ..............................................................................................................................   10
 Recording Paper Grid / Measuring Loupe / Plastic Ruler / Calibration Defl ection / Beats to 
 Be Measured / Mathematical Symbols

4    Q-QS Waves (1-Codes) .......................................................................................................................  16

5    Frontal Plane QRS Axis (2-Codes) .....................................................................................................  49

6    High R-Waves (3-Codes) ....................................................................................................................  55

7     ST Segment Depression (4-Codes) and Negative T-Waves (5-Codes) ...............................................   60

8     Atrioventricular (A-V) Conduction Defects (6-Codes) .......................................................................   98

9       Intraventricular Conduction Defects (7-Codes) ....................................................................................  111

10     Arrhythmias, 8-Codes.............................................................................................................................134

11   Miscellaneous Codes (9-Codes) .......................................................................................................... 159

12    Exact Measurements .............................................................................................................................  187
 Frontal Plane QRS Axis / Amplitude Measurements / Q-X, Q-T Intervals

13   Coding the Whole ECG ....................................................................................................................... 203
 Coding Hierarchy / Data Recording

14   ECG Data Acquisition Procedures and Maintenance of Recording Quality including Technician        
     Training ............................................................................................................................................... 206
 Twelve-Lead Rest ECG Using Single Channel Recorder / Twelve-Lead ECG Using 
 Multichannel Recorder / Minimizing Biologic Variability 

15   Criteria for Signifi cant Electrocardiographic Change ......................................................................... 226

16   ECG Indices That Add to Independent Prognostication for Cardiovascular Disease Outcomes ........ 263 

17   Quality Control of Visual and Electronic Coding ............................................................................... 270

       Appendix A Minnesota Code 2009 ....................................................................................................... 277

        Q and QS Patterns / QRS Axis Deviation / High Amplitude R-Waves / ST Junction (J) and 
 Segment Depression / T-Wave Items / A-V Conduction Defect / Ventricular Conduction 
 Defect / Arrhythmias / ST Segment Elevation / Miscellaneous Items / Incompatible Codes

       Appendix B Novacode and Minnesota Code Equivalents ................................................................... 287

    Appendix C ..........................................................................................................................................325
   Major and Minor ECG Abnormalities for Population Comparisons with Minnesota Code    
 and Novacode Equivalents

   Index .....................................................................................................................................................  327



ix

  The manual is suitable for training electrocardio-
graphers and technicians and can be accompanied 
by sets of training ECGs already coded by trainers. 
It is our expectation that the manual will serve as a 
reference, guide, and training source for those con-
ducting studies that require objective evidence of 
cardiac disease, both prevalent and incident, by non-
invasive, highly standardized, inexpensive record-
ing of the electrocardiogram. In our own ECG Read-
ing Center, this has included epidemiologic studies 
among healthy populations, diabetics, psychiatric 
patients, pregnant women, cohorts of patients with 
clinical heart disease, populations exposed to envi-
ronmental contaminants such as arsenic, populations 
exposed to Chagas disease, and in clinical trials of 
HIV-infected participants, diabetics, hypertensives, 
children, the aged, dietary intervention studies and 
phase I and phase II drug studies.
  It is 28 years since the publication of the fi rst 
edition, which is now out of print. We have produced 
a second edition because, in the interim, we have 
received continuous requests over the years for 
copies of the book that no longer existed and also 
because there have been refi nements and extensions 
to the Minnesota Code that allow a greater range 
of abnormalities to be coded; there are even clearer 
means of demonstrating correct and standardized 
methods of measurements that are incorporated 
into this second edition; some minor coding rules 
have been changed; and now the use of the code 
has been greatly expanded and is used in countless 
epidemiologic studies and clinical trials worldwide. 
Even as far back as 1981 the initial publication 
describing the Minnesota Code was chosen as a 
citation classic (CC/NUMBER 51 of SCI December 
21, 1981:This Week’s Citation Classic :Blackburn 
H, Keys A, Simonson E, Rautaharju P & Punsar 
S. The electrocardiogram in population studies: 
a classifi cation system. Circulation. 21:1160-75; 
1960).  It had been cited more than 405 times in 
published articles. Since then the bibliography has 
grown many times larger–at the time of writing, 
over 700 citations were listed in Pub Med. The 
introduction of digital ECG recordings and analysis 
has only expanded the role of the Minnesota Code 
now encompassed in computer programs to analyze 
digital signals transferred over phone lines or directly 
on solid digital recording platforms such as CDs. 
The latter notwithstanding, archival paper tracings 
are continually mined for data that were collected 

without digital recording and that are accompanied 
by other uniquely rich data. Despite my expectations 
during the 1960s that such archives would cease to 
be used after the introduction of digital recording, 
the tide of such treasures has hardly ebbed. 
  The changes included in this edition arise from 
more than a quarter of a century of directing central 
ECG reading and research centers and collectively 
60+ large and small epidemiologic studies and mul-
ticenter national and international clinical trials. The 
changes include the description of a new measuring 
loupe in Chap. 3, developed over the past decade, to 
better serve a more effi cient  and a more extensive 
span for measurement of relevant durations, voltages, 
and deviations from the isoelectric line. In Chap. 4, 
the old code 1-2-6 has been removed because of lack 
of prognostic value, and for a similar reason, code 
1-2-8 has been down-coded to 1-3-8 to better repre-
sent its place in the hierarchy of Q-wave abnormali-
ties. In addition, a new code 1-3-7 has been added 
to extend coding of inferior myocardial infarction. 
In Chap. 7, newer more precise methods of measur-
ing ST-segment and T-wave voltages are presented. 
Additions to conduction defects in Chap. 9 include 
measurements for and classifi cation of the Brugada 
syndrome ECG pattern (code 7-9) and fragmented 
QRS (code 7-10) – both of the latter codes have 
been associated with sudden death. The chapter on 
arrhythmias has minor modifi cations from the fi rst 
edition, but, notably, premature beats need no longer 
be “frequent ” by the old defi nition to be coded in 
a standard 12 lead ECG, where the presence of any 
premature beats is signifi cant for prediction of future 
cardiovascular disease. In Chap. 11, additional codes 
have been added for lead reversal (with many exam-
ples), technical quality, left atrial enlargement (code 
9-6), and early repolarization (code 9-7). More de-
tailed criteria are presented in Chap. 12 for the mea-
surement of QT interval, so important in testing all 
new drugs. New coding forms are presented in Chap. 
13, and Chap. 14 on ECG data acquisition has been 
re-written and expanded to include training of ECG 
recording technicians and maintenance of recording 
quality. Chap. 15 on the criteria for signifi cant serial 
change has been developed in a much more compre-
hensive manner and has added descriptive tables and 
new codes for documenting serial change myocardial 
infarction. Chap. 16 is a new addition on continuous 
measurements, which can be derived from a standard 
12-lead ECG that have independent prognostic value 
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and includes description of ultrashort heart rate vari-
ability. Chap. 17 on quality control is now greatly 
expanded and includes quality control directions and 
documentation for both paper (visual) and electronic 
ECGs. Appendix A has all of the new Minnesota 
Codes incorporated. Appendix B is new and details 

the criteria and classifi cation of the Novacode, in-
cluding signifi cant serial change, MI diagnosis, and 
comparisons with the Minnesota Code. Finally, 
Appendix C lists a summary of minor and major 
code abnormalities that can be used in comparisons 
of subgroups in experimental studies and analyses.

NC, USA Ronald J. Prineas

May 2009
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Preface to the First Edition
  The electrocardiogram (ECG) is mainly used in 
clinical and hospital practice for diagnosis and for 
prognosis. But it is also used for systematic popula-
tion studies and clinical trials in and outside hospital, 
where a repeatable, valid, and quantitative method is 
required for classifi cation of ECG fi ndings related 
to disease. Useful classifi cation depends, in turn, 
on standardized methods of acquiring the data, on 
mounting (sampling), and on reading and measure-
ment of the ECG.
  In systematic studies the ECG is read centrally, 
unbiased by clinical information. This blinded clas-
sifi cation provides objective criteria for individual 
events, group differences, and for sequential chang-
es in individuals and groups. Measurement classifi -
cation criteria and procedural rules for standardized 
ECG coding were devised and published from this 
laboratory and became known as the Minnesota Code 
(Blackburn H, Keys A, Simonson E, Rautaharju P, 
Punsar S. Circulation. 1960;21:1160). Current updated 
criteria and coding rules are found in the Appendix 
to this manual.
  Since 1960, these criteria and coding rules have 
been tested and occasionally slightly modifi ed 
to improve validity and repeatability. The rules 
are nevertheless continually subject to variation in 
 application because of different quality of recording, 
baseline trace width, characteristics of the tracing, 
and the number of beats to be measured. A set of 
defi nitions and procedural rules has evolved in this 
and other laboratories to defi ne more precisely wave 
onset and offset and wave segments.
  Other factors affecting standardized ECG coding 
include ECG coder training, data acquisition, patient 
preparation, technician training, and quality control. 
These are presented in this manual along with unam-
biguous defi nitions and measurement procedures.
  The current Minnesota Code criteria are found in the 
Appendix, in sequence from 1–9-codes. In the body 
of the manual, separate chapters are provided on the 
exact measurement of continuous ECG variables 
such as frontal plane axis and heart rate, on standard 
ECG acquisition and mounting, and on quality 
control of coding, as well as detailed presentation of 
the wave classifi cation system.
  The codes in the Appendix do not need to be 
learned by rote for this manual to be used as a 
training and testing tool. Early in training as ECG 
fi ndings are recognized, the detailed code may be 
referred to. It is, however, necessary to develop an 

effi cient personal system for scanning each ECG for 
all codable fi ndings, and to learn thoroughly how to 
measure the fi ndings detected. While the contents 
of the coding chapters of this manual need not be 
mastered in one course, the manual should be used 
as reference when there is doubt how to measure a 
particular wave form.
  The ECG measurements described here are eas-
ily applied by intelligent, trained, and dedicated 
medical, technical, or lay persons. The manual can 
be used by electrocardiographers or experienced in-
vestigators to teach measurement and coding of the 
ECG. This laboratory has for two decades trained 
“ordinary” university students in coding skills as 
part-time workers for periods of 1–3 years. Nurses, 
physicians, and technicians have also been success-
fully trained. Adherence to specifi c rules and ongo-
ing quality control allow comparisons of results from 
different observers and centers at different times.
  Training requires intensive instruction for a full 
10 day course, followed by continual experience. 
An introductory lecture on electrocardiographic 
history and physiology imparts understanding of 
the reasons for the measurements and codes, and 
is tailored to the sophistication of the students. 
It explains the current setting of ECG coding for 
population comparisons and clinical trials and their 
different requirements from clinical diagnosis. 
Within 3 months of initial training, further testing 
for accuracy and speed is carried out.
  The introductory lectures also explain the recording 
of 12 lead ECGs and the expected patterns for each 
lead, and identify P-, Q-, R-, S- and T-waves. Coders 
are taken sequentially through the coding material in 
each of Chapters 3 through 12. At the conclusion of 
each chapter, sample electrocardiograms are coded 
for the fi ndings and measurements described in that 
chapter. The student codings are checked by the 
instructor before proceeding to the next chapter and 
remedial work is assigned where needed. Specifi c 
codes are sought in each lead separately to recognize 
the range of normal patterns in each lead.
  At the conclusion of instruction with the text 
material and practice ECGs, a separate test packet 
of approximately 20 ECGs, as described in Chap. 
13, and enriched with examples of major codable 
fi ndings, is coded for the complete ECG. Results 
are checked by the instructor. Duplicate coding of 
actual “unknown” ECGs then starts, initially, with a 
new coder against a senior experienced coder for 
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the fi rst three to six months of the program. In this 
period, misunderstanding of the coding rules is 
discovered and corrected.
  After approximately three months of on-the-job 
coding, new test packets with approximately 50 ECGs 
per packet are coded and tabulated according to 
standard tables of repeatability (Rose G, Blackburn H, 
Gillum RF, Prineas RJ. Cardiovascular Survey Methods. 

Geneva: WHO; 1982). Coding rates (speed) and test 
results (accuracy) are compared among coders so that 
the suitability of coders, or the need for retraining, 
is determined. Test packets are available from the 
Director, ECG Coding Laboratory, Laboratory of 
Physiological Hygiene, School of Public Health, 
Stadium Gate 27, 611 Beacon Street SE, University 
of Minnesota, MN 55455, USA.

Was written in Minnesota Ronald J. Prineas MB, BS, PhD

January 1982



xiii

Acknowledgements
We thank many programmers, coders, and electrocardiographers, who over the past decades, have 
contributed much to the process of ECG coding and refi nement of rules of application, and in particular, 
we acknowledge the contributions of Dr. Yabing Li and Charles Campbell for unfl agging dedication to 
their demand for precise defi nition of code items for both visual and electronic ECG records. We  also 
thank Dr. Elsayed Soliman for his specifi c refi nements in early repolarization defi nitions. 


