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Abstract revised criteria where ST amplitude limits of normality
strac were made age and gendepeedent for virtually every

An evaluation of the Glasgow ECG analysis program lead independently of the others [2].
criteria for acute ST elevation myocardial infarction ~ The work of the lab in Glasgow has resulted in a
(STEMI) was undertaken using two Board Certified modification to the most recent guidelines for universal
cardiologists as the reference. Out of a data base of 1220myocardial infarction announced the European Society
patients presenting with chest pain, 248 cases ofof Cardiology meeting in Vienna in September, 2007 [4].
confirmed MI were available for evaluation and 52 In these guidelines, the upper limit of normal in V2 and
control cases were added from the remainder. The ageV3 was regarded as 0.2mV for males and 0.15mV for
and sex based Glasgow criteria were also assessedemales while, for all other leads including V1, the upper
against existing ESC/ACC criteria. limit of normal was set at 0.1 mV.

Irrespective of whicheveiway the criteria were Notwithstanding the abovewhere the criteria are
evaluated, the Glasgow age and sex based criteria€ssentially designed for visual interpretation of the ECG,
proved to have a superior performance compared to thethe University of Glasgow ECG analysis program
non age and sex based criteria. The overall sensitivity ofcontinues to apply more complex criteria for ST elevation
the Glasgow criteria was 89% in a set of 219 patients myocardial infarction. Thaim of this present study was
with an MI, of whom 113 had a cardiologist reported to extend comparisons ofetse locally developed age and
STEMI. Evaluation of specificity in this population is not Sex based criteria with the original ESC/ACC criteria. In

meaningful. The corresponding ESC/ACC criteria the previous publication [2], the accuracy of the program
evaluated by computer were 75% sensitive. was compared with respectttee clinical classification of

myocardial infarction. In the present paper, the results are
. assessed with respect to cardiologist based reporting of
1. Introduction acute ST elevation myocardiaifarction in addition to

Previous work from this laboratory has reported on thethe clinical definition of MI.

modification of criteria for acet myocardial infarction.

In particular, criteria first suggested by the taskforce [1] o Methods
of the American College of Cardiology (ACC) and the
European Society of @diology (ESC) for the A database of 1220, 12 lead ECGs was available from

electrocardiographic diagnasi of acute myocardial pre-hospital patients presentingth acute, non-traumatic
infarction were made age and sex dependent [2]. Thechest pain. These ECGs were gathered from a North
ESC/ACC criteria introduced the concept of reporting American population. 248 (20%) cases were positive for
acute myocardial infarction when STj was elevated in acute myocardial infarctionceording to classical criteria
two contiguous leads, where S¥ad to exceed 0.2mV in  involving enzyme changes.  Of these, 173 were male
V1-V3 or 0.1mV in all other leads. In respect of (mean age 66 years) and 75 were female (mean age 71
contiguity, V1 to V6 were regarded as contiguous years).
whereas the limb leads were arranged in the sequence The Glasgow Program [5] alysed all 12-lead ECGs
avL, I, -avR, II, aVF and lll. This led to the term ST using its well established measurement software. ST
elevation myocardial infarction (STEMI). elevation was measured in several parts of the ST
Earlier work in this laboratory showed that normal segment but for the purposes of applying the ESC/ACC
limits of ST elevation were highly dependent on age, criteria and indeed the Glasgow criteria for acute
gender and ECG lead [3]. This resulted in locally myocardial infarction, it was the ST amplitude at the J
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Table 1.  Sensitivities and selected specificities of#neus criteria.

Cardiologist Cardiologist Ml Clinically Acute M
agreed STEMI|  (professional
(ESC/ACC criteria) opinion) (Enzyme Based)
Sensitivity Sensitivity Sensitivity Specificity
(n=113) (h=125) (n=227) (n=48)
Cardiologist Ml 57% 98%
(professional opinion)
Automated ESC/ACC 75% 73% 42% 96%
Criteria
Automated age/sex 89% 87% 54% 98%
adjusted ST-T criteria
point (ST) which was used. 3.2.  Cardiologistinterpretation
The software was programmed to use: Using the ESC/ACC criteria, the cardiologists
a) The ESC/ACC criteria for acute ST jdentified 113/219 STEMIs. On the other hand, using
elevation/myocardiahfarction (STEMI); their professional judgement, they identified 125/219
b) The Glasgow criteria for acute myocardial acute Mis including 11 that were in the non STEMI

infarction involving age and sex based group. In addition, 1/48 control ECG was regarded as an
criteria for abnormal ST These criteria  zcute MI.

have been described in part in the previous )
publication [2]. 3.3. Computerinterpretation
Two board certified US cardiologists reviewed a . L
. ) The Glasgow Program, applying ESC/ACC criteria,
gﬁgiitt;fmsgigrgiils imgligocr??ct)agtiira\lflli?; g‘; éﬁigﬁfe?dentiﬁed 85/113 of the cardiologist reported ESC/ACC
selected cgntrols They agl:éwhgther the ECGs met they STEMIs and 7 Mis among the non STEMIs i.e. 92/219
ESC/ACC criteria by independently reporting all ECGs cases were reported as STEMI. -However, by applying

and then reaching consensus on any disagreementé”}ge and sex adjusted critg the Glasgow Program

; . ; identified 101/113 of the cardiologist reported ESC/ACC
They also separately used their professional judgement t%TEMIs and 16 additional Mis among the non STEMIs
report on the presence ofute myocardial infarction as

evidenced by ECG changes. l.e. 117/219.
3.4.  Summary

3. Results The sensitivity and specificity of the cardiologists and
computer in detecting myocardial infarction s
3.1. Cardiologist Defined Test Set summarised in Table 1. It should be noted that the

) ~evaluation of specificity ajnst cardiologist agreed
25/300 cases were excluded by the cardiologistSSTEM| or professional opinion is not meaningful given
agreeing on the presence adnduction defects.  4/25 that il 219 patients in the cardiologist defined test set

cases were from the control group.  Additional 8 casesginjcally had an acute myardial infarction based on
were excluded from the cardiologist defined acute MI chest pain and enzyme results.

group because of ddiblogist disagreement but they were
included in the clinically diagnosed acute MI group. 4. Discussiorand conclusions
Thus in total 275 cases were included i.e. 48 controls and
227 patients with acute MI by enzymes in the clinically Eir
defined MI cohort though only 219 patients with
clinically defined acute MI remained in the cardiologist
defined test set because of the 8 disagreements.

Several conclusions can be drawn from this study.
st of all, it is quite cleathat a computer program can
be highly sensitive in replicating the diagnosis of
cardiologist agreed acute noardial infarction. There
was little difference in this population in terms of
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A: Output showing long text

B: Output showing short text
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Figure 1. ECG where age/sex dependent, but not ESC/ACC criteria nesutisagnosis of STEMI.
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sensitivity with respect to the cardiologist agreed STEMI regarded as abnormal for this ECG. Similar

(ESC/ACC) criteria versus cardiologist professional considerations also apply to Il and Il so that this ECG is

opinion. This does suggest that there were only a smaltegarded as showing an inferior STEMI according to the

number of cases with bordedirST elevation although it  Glasgow criteria.

has to be recalled that all patients presented with chest Two illustrations are provided. The first (A) uses long

pain — even the controls. diagnostic statements suited for family practitioners for
The second conclusion is that automated diagnoses arexample. The second (B) use short statements more

much more sensitive with respect to the cardiologist suited to hospital staff.

agreed cases of myocardial infarction as opposed to the In conclusion, this study has provided further evidence

clinically (enzyme based) cases of acute MI. Indeedthat it is absolutely essential to structure criteria for

there are substantidifferences in sensitivity using either diagnosing acute ST eldi@ myocardial infarction

the original ESC/ACC criteriar the age/sex adjusted ST- according to age and sex.

T criteria developed in Glasgow. One reason for this is

that the cardiologists themselves had a sensitivity of onlyR‘af‘:"r‘:"r‘Ces

57% in reporting acute myocardial infarction in the [1] Myocardial infarction redefir A consensus document of

population with proven myocardial infarction which the joint European Society of Cardiology / American
indicates that there was large group of non-STEMI College of Cardiology Committee for the redefinition of
patients. myocardial infarction. Eur Heart J 2000;21:1502-13.

It is also quite clear that the age/sex adjusted ST-T[2] Macfarlane PW, Browne D, Devine B, Clark E, Miller E,
criteria are much superior triginal ESC/ACC criteria Seyta' J, Hampgqnl D. ';"Og'.f'm? OélACtC/ ES((; Clr'tggg ‘I,o::?
which had no reference to age or gender. These criteria ~ ocU'e Mmyocardial infaran. ectrocardio '

) o . . - 1);98-103.
increased sensitivity with respect to both the cardlologlst[s] ﬁ/IS:ffgr)llagr?e g\?\,. Age, sex and the ST amplitude in health

and the clinical diagnosis of myocardial infarction with and disease. J Electrocardiol 2001;34(suppl):235-241

no loss of specificity. It is #refore of interest that the [4] Joint ESC-ACCF-WHF Task Force. Universal Definition

ESC and the ACC have now agreed to move towards of Myocardial Infarction. ES Pocket Guidelines, 2007.

some acknowledgement of age and sex in developing5] Macfarlane PW, Devine B, Clark E. The University of

criteria for acute myocardial infarction. Indeed, it is Glasgow (Uni-G) ECG analysiprogram Computers in

known that in a guideline paper dealing with acute  Cardiology 2005;32:451-4

myocardial infarction/ischaaia there will be further

enhancement of these criteria which will introduce higher

thresholds for ST elevation particularly for males under

40 years of age. Eyen then, such an adjustment will stillp, toccor peter W. Macfarlane,

not make the criteria as strongly dependent on age, sejectrocardiology Group,

and lead as those utilised by the Glasgow software. Faculty of Medicine — University of Glasgow,
Figure 1 illustrates an ECG where there is ST Level 4, QEB,

elevation in the inferior leads. However, based on theRoyal Infirmary,

automated measurements, there not two contiguous 10 Alexandra Parade,

leads where STj exceeds 0.1mMlinaVF and IlI, i.e. the ~ Glasgow G31 2ER

ESC/ACC criteria are not giive. However, our own  Scotland, UK

data suggest that the upper limit of normal STj for a 65

year old male is approximately 60 microvolts and in with

other features also present in the lead, avVF would be
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