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Comparison Between Two Classification 
Systems of the Electrocardiogram in 

Epidemiologic Investigations 

The Minnesota Code and the Washington, D.C., Code 

C. R. Brohet ,  MD,  D. Janssens ,  MSc,  Ph.  Leclercq,  Eng, S. Smets ,  Eng, 

H. Kulber tus ,  MD,  a n d  M. J ean j ean ,  MD 

The electrocardiocardiogram (ECG) is a basic 
method used in cardiovascular epidemiologic inves- 
tigations. Its value as a prognostic indicator of future 
cardiac events has been fully demonstrated, and 
some ECG items, such as a pattern of left ventricular 
hypertrophy, are considered as among the definite 
cardiovascular risk factors.1 

However, the prevalence rates of various ECG ab- 
normalities in a given population will depend on the 
true prevalence of cardiac disease as well as on the 
sensitivity and specificity of the ECG criteria included 
in the classification system. Different ECG coding 
systems using different criteria might provide differ- 
ent rates of ECG abnormalities in the same popu- 
lation. 

The most widely used and internationally accepted 
ECG coding system is the Minnesota code (MC), in- 
troduced by Blackburn in the 1960s. x This system, 
designed for the standard 12-lead ECG, was devel- 
oped on an empirical basis, according to generally 
accepted criteria. More recently, Pipberger et al. pro- 
posed a new classification system, developed at the 
Washington VA hospital. 3 The Washington, D.C. 
code (WC) is designed for use with the Frank or- 
thogonal lead system. By contrast with the MC, the 
WC has been validated on a population with well- 
known cardiovascular status. The purpose of this 
study was to compare the two coding systems by 
applying them to the same population sample. 
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Material and Methods 

The study population consisted of 1,948 subjects 
equally divided between men and women, among 
three age groups from 35 to 64 years old. This pop- 
ulation sample came from the Province of Luxem- 
bourg in Belgium. The screening was performed as 
partial requirement for the BELLUX MONICA 
Project. 4 In each individual, a 12-lead ECG imme- 
diately followed by a three orthogonal XYZ-lead EC G 
was recorded by automatic three-channel electro- 
cardiographs (Siemens Mingograph), using a single 
14-lead patient cable. The Frank electrodes were 
placed in the fifth intercostal space as originally de- 
scribed. Both the 12-lead and the 3-orthogonal lead 
recordings were analyzed visually by two technicians 
who classified each tracing according to the two 
methods (ie, the MC for the 12-lead ECG and the 
WC for the Frank-lead ECG). These technicians had 
been trained for using the MC in the frame of the 
MONICA project. Through their clinical work, they 
also had a good knowledge of the Frank-lead system, 
and further precisions concerning the WC were pro- 
vided by the developers. The two technicians worked 
independent of each other. Differences were first re- 
solved between them, and any remaining disagree- 
ment was arbitrated by a cardiologist who had prac- 
ticing knowledge of both lead systems and of both 
coding schemes. 

In the first stage, the prevalence rates of various 
ECG categories reported by the two codes were com- 
pared and the sources of discrepancies analyzed. To 
make this comparison, equivalences between the 
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Table  1. Minnesota Code (MC) Versus Washington 
C o d e  (W C )  

MC WC 

MI 
Lateral 

Hi spe 1.1.1-1.1.3 * 2.1.A* 
Lo spe 1 .1 .2-1 .2 .8  or 2.1.B 

1.3.1, 1.3.3 
Anterior  

Hi spe 1 .1 .1-1.1 .7  2.3.A 
Lo spe 1 .2 ,1-1.2 .6  or 2.3.B 

1.3.1, 1.3.2 
Inferior 

Hi spe 1.1.1-1.1.5 2.2.A 
Lo spe 1 .2 .1-1 .2 .6  or 2.2.B 

1.3.1, 1.3.6 
Posterior 

Hi spe - -  2.4.A 
Lo spe - -  2.4.B 

ST-T changes  
Injury/ischemia 

Lateral 4.1.1, 4.1.2 6.1.A, 6.1.B 
5.1 , 5.2 7.1.A, 7.1.B 

Anterior  4.1.1, 4.1.2 6.6.A, 6.6.B 
5.1 , 5.2 7.3.A, 7.3.B 

Inferior 4.1.1, 4.1.2 6.2,A, 6.2.B 
5.1 , 5.2 7.2.A, 7.2.B 

Elevated ST- 
Lateral 9.2 6.4.A, 6.4.B 
Anterior  9.2 6.3.A, 6.3.B 
Inferior 9.2 6.5.A, 6.5.B 

LVH 
Hi spe 3.1 3.1.A, 3.2.A, 3.3.A 
Lo spe 3.3 3.1.B, 3.2.B, 3.3.B 

RVH/COLD 
Hi spe 3.2 4 .1 .A-4 .5 .A 
Lo spe - -  4 .1 .B-4 .5 .B 

MI, myocardial  infarction; hi spe, high specificity criteria; LVH, 
left ventricular hypertrophy; lo spe, low specificity criteria; RVH/ 
COLD, right ventricular hypertrophy/chronic obstructive lung dis- 
ease. 

* The actual criteria corresponding to these coding i tems can be 
found  in the  original publications concerning the MC 2 and  WC. 3 

two codes were established in the main  ECG cate- 
gories shown in Table 1, taking into account different 
levels of specificity, w h e n  appropriate. 

In the second stage, the two ECG codes were  eval- 
ua ted  with reference to the clinical information. The 
prevalence rates of myocardial  infarction (MI) and 
left ventricular hyper t rophy  (LVH) by the two codes 
were  considered according to the presence or ab- 
sence of a clinical diagnosis of MI and of high blood 
pressure (HBP), respectively, following the WHO cri- 
teria for these conditions. Differences in the preva- 
lence rates be tween the two classification methods  
were  expressed by means  of the odds ratio and the 
percentage of concordance.  The odds ratio indicates 
the odds of a subject with a clinical history of MI or 
HBP for having, respectively, MI or LVH, on the ECG 
n times those of a subject with no antecedent history 
of MI or HBP. The concordance rate is the proport ion 
of correct ECG classifications (ie, the sum o f  true 
positives and true negatives over the total). 

ECG Classification Systems * Brohet et al. t59 

Table 2.  P r e v a l e n c e  R a t e s  o f  ECG Categories b y  
Minnesota Code and Washington C o d e  I n  a S a m p l e  

o f  1 ,948  S u b j e c t s  

ECG Minnesota Washington 
Category Code Code 

Normal 72.0% 42.0% 
MI 2.5% 14.5% 
LVH 3.6% 8.5% 
RVH/COLD 0 % 15,4% 
Ischemia 6.0% 13.7% 

MI, myocardial  infarction; LVH, left ventricular hypertrophy; 
RVH, right ventricular hypertrophy; COLD, chronic obstructive 
lung disease. 

Results 

Prevalence Rates, Concordance, and 
Discrepancies Between MC and WC 

Table 2 shows the prevalence rates of the various 
ECG categories w h e n  MC and WC were applied to 
the same set of 1,948 recordings. The WC reported 
an excess rate of all abnormalities as compared  with 
the MC. The differences were  specially marked  in the 
categories of MI, right ventricular hypertrophy 
(RVH), and chronic obstructive lung disease 
(COLD). 

Table 3 shows the main  areas of discrepancies. The 
excess rate of abnormalities reported by the WC was 
striking for anterior MI (AMI) and posterior MI 
(PMI), in both  sexes and all age groups, for anterior 
ischemia and LVH in women ,  for RVH/COLD in men. 
In the category of AMI, 122 cases were diagnosed 
only by the WC, as compared  with only 5 cases di- 

Table 3. Concordances and Discrepancies B e t w e e n  
Minnesota C o d e  a n d  W a s h i n g t o n  C o d e  

Concordance Discrepancies (N) 

ECG (N) (Both Minne- Washing- 
Category Agree) sota Code ton Code 

AMI 5 5 122 
LMI 1 6 7 
IMI 1 13 11 
PMI - -  - -  120 
Total MI 7 24 260 
Anterior 28 21 176 

ischemia 
Total ischemic 66 33 188 

ST-T 
LVH 31 36 131 
RVH/COLD 0 0 300 

AMI, anterior myocardial  infarction; LMI, lateral myocardial 
infarction; IMI, inferior myocardial  infarction; PMI, posterior 
myocardial  infarction; LVH, left ventricular hypertrophy; RVH/ 
COLD, right ventricular hypertrophy/chronic obstructive lung dis- 
ease. 
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Table 4. Clinical Relevance of the Diagnosis  of Myocardial Infarction by the 
Minnesota Code and the Washington  Code 

ECG Clinical Diagnosis Odds % Concord- 
Diagnosis Positive Negative Ratio ance 

Men N = 988 N = 58 N = 930 
MC (%) 3% 21% 2% 11.9 93 
WC 15% 36% 14% 3.5 81 

Women N = 959 N = 32 N = 927 
MC 2% 12% 1% 10.9 96 
WC 12% 28% 12% 2.8 84 

a g n o s e d  b y  b o t h  the  WC and  the  MC. Of 57 cases 
w i t h  W C  h igh  specifi ty cri teria for AMI,  40 were  
m e n ,  w h e r e a s  of  65 cases w i th  l o w  specificity cri- 
ter ia ,  49 w e r e  w o m e n .  Not  surpr i s ing  was  the  excess 
ra te  of  120 W C  cases w i th  PMI,  s ince this ca tegory  
is n o t  c o n s i d e r e d  by  the  MC. In  this  PMI category,  
51 w e r e  de t ec t ed  by  h igh  specificity cri teria,  of  w h o m  
39 w e r e  m e n .  A m o n g  ischemic  ST-T changes ,  the  
m a j o r i t y  o f  excess  codes  by  W C  w a s  f o u n d  in the  
c a t e g o r y  o f  a n t e r i o r  i schemia  in w o m e n  ( 150 of  176 
cases).  The  excess  rate  of  131 LVH cases was  m o r e  
i m p o r t a n t  in  w o m e n  t h a n  in  m e n :  47 versus  11 for 
h igh  specif ic i ty  cri teria and  54 versus  19 for l ow  spec- 
ificity cr i ter ia .  By contrast ,  the  excess ra te  of  WC for 
RVH/COLD was  m o r e  p r o m i n e n t  in  men :  of  300 
cases,  t h e r e  w e r e  95 m e n  and  46 w o m e n  wi th  h igh  
specif ic i ty  cr i ter ia ,  83 m e n  a n d  76 w o m e n  hav ing  
l o w  specif ic i ty  criteria.  

Correlation With Clinical Diagnosis of MI 
and LVH 

Table  4 s h o w s  the  cor re la t ion  b e t w e e n  the  ECG 
codes  of  M I  b y  the  two  class i f icat ion sys tems and  the  
c l in ical  i n f o r m a t i o n  re la ted  to a h i s to ry  of  MI. A clin- 
ical  d i agnos i s  of  MI  was  p resen t  in  58 of  the  988 
sc r eened  m a l e  subjects  and  in 32 of  the  959 w o m e n .  
In  m e n ,  as c o m p a r e d  wi th  the  MC,  the  WC h a d  a 
h i g h e r  sens i t iv i ty  for MI  (36% vs. 21%) ,  bu t  at  the  
e x p e n s e  of  a l o w e r  conco rdance  w i th  the  cl inical  di- 

agnos is  (81% vs. 93%) d u e  to  a h ighe r  false pos i t ive  
ra te  (14% vs. 2%).  The  odds  ra t io  for the  ECG di- 
agnos is  of  M I  was  4 t imes  h ighe r  w i th  the  M C  t h a n  
w i t h  the  WC.  S imi la r  di f ferences  were  f o u n d  in 
w o m e n :  h igher  sensi t iv i ty  of  WC (28% vs. 12%) bu t  
l o w e r  conco rdance  ra te  (84% vs. 96%),  h ighe r  false 
pos i t ive  rate  (12% vs. 1%), a n d  a fourfold  di f ference 
in  the  odds  ra t io  (2.8 vs. 10.9).  

Table  5 shows  the  c o m p a r i s o n  b e t w e e n  MC and 
W C  in the  ca tegory  of  LVH. Here,  the  EGG code  was  
eva lua t ed  accord ing  to t he  p resence  or  absence  of  
HBP, a s suming  tha t  HBP leads  to a h igher  suscep-  
t ibi l i ty of  deve lop ing  LVI-I o n  the  EC G. The c o n d i t i o n  
of  HBP was  p resen t  in  325 m e n  a n d  320 w o m e n .  
The c o n c o r d a n c e  ra tes  w e r e  s imi lar  w i th  the  t w o  
cod ing  systems.  Both  ECG codes  h a d  a low sensi t iv-  
i ty for LVH in ma le  hype r t ens ives .  In  w o m e n ,  the  
W C  h a d  a h ighe r  sens i t iv i ty  t h a n  the  MC (18% vs. 
5%) at the  expense  of  a h i g h e r  false posi t ive  ra te  (6% 
vs. 0 .5%).  The odds  ra t ios  we re  s imi lar  in m e n  and  
different  in  w o m e n  (WC:  3.6, MC : 10.3). In  w o m e n ,  
the  p reva lence  of  HBP a m o n g  those  wi th  LVH o n  the  
ECG was  h igher  for the  MC (83%) t han  for the  WC 
(61%).  

Discussion 

On a theore t ica l  basis ,  b o t h  the  MC a n d  the  WC 
have  po ten t ia l  a dva n t a ge s  a n d  d isadvantages .  

Table 5. Clinical Relevance of Diagnosis  of LVH (According to the Presence 
or Absence of High Blood Pressure) by the Minnesota Code (MC) and the 

Washington Code (WC) 

ECG Diagnosis High Blood Pressure Odds % Con- 
of MI Positive Negative Ratio cordance 

Men N = 981 N = 325 N = 656 
MC 5% 6% 5% 1.3 65 
WC 5% 7% 4% 1.9 67 

Women N = 951 N = 320 N = 631 
MC 2% 5% 0,5% 10.3 67 
WC 10% 18% 6% 3.6 68 
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The Minnesota code, which applies to the familiar 
12-lead ECG, is very popular,  in fact the most  widely 
used classification system in epidemiologic investi- 
gations. With its m a n y  coding items, however ,  it is 
cumbersome to use, and practice is needed to reduce 
the number  of coding errors. Moreover,  the criteria 
introduced in the MC were developed on an empir-  
ical basis from generally accepted criteria k n o w n  at 
that  time. The Washington code was developed re- 
cently and was presented as a new classification sys- 
t em with the interest of being largely based on actual 
data distributions of normal  and abnormal  ECGs 
f rom a well-validated clinical data base. The WC also 
considers sex- and race-related differences in the 
ECG. Because it has a more limited set of codable 
items, it is easy to use, requires substantially less cod- 
ing time, and reduces the number  of possible coding 
errors. However,  the prognostic value and repro- 
ducibility of the WC in large epidemiologic investi- 
gations have not yet been  fully demonstrated.  More- 
over, it is based on a less familiar and less widely 
available lead system. 

After applying the two coding systems to the same 
populat ion,  we observed that the WC reported far 
more  ECG abnormalit ies than the MC. Some of the 
differences can be attributed to the design of each 
coding system (eg, by contrast with the WC, the MC 
does not  consider the category of true posterior MI). 
The excess rate of  abnormalit ies reported by the WC 
might  be related to some of its criteria. For example,  
a high percentage of anterior ischemic ST-T wave 
changes was found in normal  w o m e n  with a pos- 
terior orientation of the T loop in the horizontal 
plane, whereas  the WC criterion of Tz ampli tude is 
the same for men  and women.  The excess rate of 
PMI and RVH/COLD in men  is probably related to 
an  anterior shift of QRS loop as a normal  variant: 
the limit of 1.5 for the Q/Rz ratio was frequently ex- 
ceeded in our normal  male population. The excess 
rate of low specificity criteria for AMI in w o m e n  is 
probably  explained by the reduction of initial QRS 
forces in m a n y  normal  women.  For LVH, the excess 
rate of WC code, especially in women,  might rep- 
resent a higher true positive rate among patients with 
systemic hypertension,  similar to the findings of  De 
Backer, who  compared  the MC with a set of or- 
thogonal  criteria in middlle-aged men. 5 

After comparing the results obtained by the two 
coding systems with the clinical information, we 
found that the excess rate of MI and LVH codes re- 
ported by the WC was better explained by a high 
false positive rate than by a higher sensitivity. The 
reason for these differences is not clear. It is possible 
that the WC yields a higher false positive rate because 
it was designed from a populat ion with a high pro- 
portion of cardiac abnormalities, contrary to what  is 
found in most  epidemiologic studies. In the set of 
records used for developing and testing the WC, 3 
there were  more  MI cases (1,100) and LVH cases 
(1,277) than  normal  subjects (1,499). By contrast, 
in our  populat ion sample, only 14% of patients had 
CAD and 33% were hypertensive. 

The observed differences and the low concordance 
between the two classification methods  represent a 
conceptual problem for epidemiologic investiga- 
tions, but they do not allow us to preclude a possible 
independent  prognostic value of these two coding 
systems. Both their reproducibility and their inde- 
pendent  prognostic value will be assessed by apply- 
ing them on a new independent  sample from the 
same population,  and by following this cohort for 
CAD incidence by means  of the MONICA registry 
over the next  years. 
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