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Summary

Background: Thedectrocardiogram (ECG) isvaluablefor
theidentification of prior myocardid infarction (MI) inindi-
viduals participating in epidemiologic studies or undergoing
screening examinations. Although the Minnesota Code, aset
of criteriafor theinterpretation of ECGsin such situations, is
commonly used toidentify Ml inthesesettings, itsaccuracy is
incompletely understood.

Hypothesis: We sought to test the accuracy of the Minne-
sotaCode Q and QS criteriafor M1 against anew standard of
reference, the presence of aperfusion defect on aresting my-
ocardid scintigraphicimage.

Methods: Therestingmyocardia scintigramsof al patients
studiedin our nuclear cardiology laboratory during 7 consecu-
tive months were screened for the presence of perfusion de-
fects. For each patient with such adefect, two individualsex-
amined on the same day, who had no perfusion defect, were
selected as controls. Electrocardiograms recorded within 30
days of the scintigraphy were read blindly by two of the au-
thors using the Minnesota Code criteriafor Q or QSwavesin-
dicativeof MI.

Results: For 214 patients sel ected onthe basisof their scinti-
graphicfindings, asatisfactory ECG recorded withinamonth
of thescintigraphy wasalso available. The overall sensitivity
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of the Q or QS criteriawas 0.58 and the specificity was 0.75.
As might be expected when only the most stringent criteria
were gpplied, sensitivity wasleast and the specificity best.
Conclusions: Asin previousstudies, inwhich necropsy ma
terial served asthe standard of reference, sendtivity of the Q
and QS criteriacontained in the MinnesotaCodeisrelatively
modest and specificity isreasonable but not outstanding.

Key words: eectrocardiography, myocardial infarction, my-
ocardia scintigraphy

Introduction

For atest to beof vauefor epidemiol ogic studiesor screen-
ing examinations, its sendtivity, specificity, and predictive ac-
curacy must beunderstood. In both settings, theelectrocardio-
gram (ECG) isvauablefor theidentification of patientswith
prior myocardia infarction (MI). Specifically, an abnormdlity
of theinitia deflection of the QRS complex (usualy an abnor-
mal Q wave) providesanimportant indicator. An ECG reader
uses the width (duration) and depth (amplitude) of the pute-
tively abnormal initial deflection to separateaQ waveindica
tiveof an M1 from onethat isapart of the normal sequence of
ventricular activation. Thewider and deeper theinitial deflec-
tion, the greater the likelihood that MI has in fact occurred.
Despite generd reliance on such findings, only afew studies
haveactually tested the accuracy of variouscriteriato separate
an abnormal Q wavefromthoseof amorebenignorigin. Such
studies have employed necropsy? or angiographic? observa-
tions as standards of reference against which to assess the
propertiesof theECG criteria

A widely employed set of criteriafor abnormdlity of Q and
QSwavesisthe Minnesota Code. Devel oped by Blackburn et
al. inthe 1950s and 1960s,3 it continuesto beastandard, par-
ticularly in epidemiologic studies. We sought to assessits ac-
curacy against anew standard of reference, the presence of a
perfusion defect on aresting myocardia scintigraphicimage.
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Methods

The ingtitutional review board of the Medstar Research
I ngtitute approved thisinvestigation.

Theregting thallium myocardial scintigramsof all patients,
who were studied in our nuclear cardiology laboratory be-
tween January 1 and July 31, 1998, were screened. When the
official interpretation described aperfusion defect, the patient
was selected for analysisand assumed to have had aprior M.
Two additional patients undergoing scintigraphy onthe same

TaeLE |  TheMinnesotaCodefor Q and QSwaves®

day, inwhom no resting defect was present, were also includ-
ed; they were considered not to have had aprior MI. Petients
with no available standard 12-lead ECG recorded within the
30 days preceding the scintigraphy were excluded, as were
those with left bundle-branch block, Wolff-Parkinson-White
syndrome, or paced rhythms, and asthose known to have car-
diomyopathy or to have had aprosthetic val ve replacement.
Two observers blinded to the scintigraphic findings inde-
pendently classified each ECG with regard to MinnesotaCode
criteriafor Q and QSwave abnormdity (Tablel). Electrocar-

Most stringent criteria(MinnesotaCode 1.1)
Anterolaterd site(leadsl, avL, V-6)
* QRamplituderatio=1/3, plusQduration=0.03sinlead | or V-6
¢ Qduration=0.04sinlead | or V-6
e Qduration=0.04 s, plusRamplitude<3mminavL
Pogterior (inferior) Ste(leadsll, 11, aVF)
* QRamplituderatio=1/3, plusQduration=>0.03sinlead I
e Qduration=0.04sinlead |

e Qduration=0.05sinlead I, plusQ-waveamplitude= 1.0 mminthemgjority of beatsinlead avF

¢ Qduration=0.05sinleadaVF
Anterior ste (leadsV-1-V-5)

* Q/Ramplituderatio= 1/3 plusQ duration=0.03 sin any of leadsV-2-V-5

e Qduration=0.04 sinany of leadsV-1-V-5

» QSpatternwhenaninitial R-waveispresent in an adjacent lead to theright on thechest, inany of leadsV-2-V-6

e QSpatternindl leadsV-1-V-4 or V-1-V-5

Intermediate criteria(MinnesotaCode 1.2)
Anterolaterd site(leadsl, avL, V-6)

* QRamplituderatio=1/3, plusQduration>0.02 and <0.03sinlead | or V-6

* Qduration=0.03and<0.04sinlead | or V-6
* QSpatterninlead| (in absenceof LBBB)
Posterior (inferior) site(leadsll, I11, avVF)

* QRamplituderatio=1/3, plusQduration=>0.02 and <0.03sinlead |

e Qduration=0.03and<0.04sinlead |l
* QSpatterninlead |1 (absent LBBB)

e Qduration=0.04and<0.05sinlead |11, plusQ-waveamplitude= 1.0 mminthemgjority of beatsinlead avVF

e Qduration=0.04and<0.05sinlead aVF
e Qamplitude=5.0mminleads!ll andaVF
Anterior site (leadsV-1-V-5)

* Q/Ramplituderatio=1/3 plusQ duration=0.02 and < 0.03 sin any of leadsV-2-\/-5

* Qduration=0.03and <0.04 sinany of leadsV-2-V-5
* QSpatternindl leadsV-1-V-3 (absent LBBB)

« Initid Ramplitudedecreasingto <2 mmin every beat (absent LBBB, largeRin V-1, and RBBB)

Least stringent criteria(MinnesotaCode 1.3)
Anterolaterd site(leadsl, avL, V-6)

* QRamplituderatio=1/5and < 1/3, plusQ duration = 0.02 and <0.03sinlead | or V-6

e Qduration=0.03and<0.04 s, plusR amplitude=3mminavL
Posterior (inferior) site(leadsll, I11, avVF)

* QRamplituderatio=1/5and < 1/3, plusQduration=0.02 and < 0.03sinlead |
e Qduration=0.03and<0.04sinlead |11, plusQ-waveamplitude= 1.0 mminthemgority of beatsinlead avVF

e Qduration=0.03and<0.04 sinleadaVF
* QSineachof leadslIl and aVF (absent LBBB)
Anterior ste (leadsV-1-V-5)

* Q/Ramplituderatio=1/5and < 1/3 plusQ duration=>0.02 and < 0.03 sinany of leadsV-2-VV-5

* QSpatterninV-1and V-2 (absent LBBB and tall Rwavesin V-1)

Abbreviations: LBBB = eft bundle-branch block, RBBB = right bundle-branch block.
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diograms were assigned the most stringent grade into which
they fit (1.1, 1.2, 1.3). Joint review and remeasurement were
used to resolve discrepant interpretations.

Dud-isotope, single-photon emission computed tomo-
graphicimaging isroutinely employed in our laboratory. The
resting images are acquired after intravenousinjection of thal-
lium. Stressstudiesemploying sestamibi areperformed subse-
quently. The interpretation by the responsible nuclear medi-
cinephysicianwasused for thisanadysis. Thisinterpreter was
blindedtothe ECG findings.

Results

For 214 patients (107 men, 107 women, meanage63+ 12.3
years) selected onthebasisof their scintigraphic findings, sat-
isfactory ECGs recorded within amonth of the scintigraphy
wereasoavailable. Tablell depictsthe resultsof thecompari-
son of the presence of adefect on resting thaliumimaging and
the ECG findingsclassified in accordancewith the Minnesota
Code. When one of themogt stringent criteriafor asignificant
Qor QSwaveismet, therecord wasclassified as1.1. Records
wereclassfied as1.2 and 1.3whenlessgtringent criteriawere
met. The sengtivity of the Q or QS abnormality using any of
the criteriafrom al three levels was 0.58 and the specificity
was0.75. As might be expected when only the most stringent
criteriawere applied, sensitivity wasleast and the specificity
best. Sensitivity was improved by making the criteria less
sringent toinclude 1.2 and 1.3, but specificity declined (Table
[11). Indeed, half of Q or QSwaves classified asabnormd by
thesecriteriawerefa se positive (Tablell).

Discussion

Thisstudy compared standard ECG criteriafor M1 (Minne-
sotaCode) withanovel stlandard of reference, thepresenceof a
perfusion defect on resting myocardid scintigraphy. Thesend-
tivity and specificity of the ECG criteriain our andysis are
consistent with those of Uusitupa et al.1 who made asimilar
comparison using necropsy material. That study and oursboth
indicatethat when al Q and QScriteriaare gpplied, senstivity
isrelatively modest and specificity is reasonable but not out-
standing. When only the most stringent (1.1) criteriaare ap-
plied, sensitivity declines but afalse positive diagnosisisrare
(Tablesll, 111). Anunderstanding of thesetest characteriticsis

TaBLE Il Frequency of myocardia perfusion defectsat rest related
to the presence of abnormal Q-waves

Code Defect (%) No defect (%) Total
11 21(77.8) 6(22.2) 27
1.2 9(45.0) 11(55.0) 20
13 10(34.5) 19(65.5) 29
None 29(21.0) 109(79.0) 138
Total 69(32.2) 145(67.8) 214

particularly important since these criteriaare often employed
for ECGsused for screening or epidemiol ogic purposes.

Our conclusionsarelimited by our assumptionthat M1 isan
al-or-nonephenomenonwhen, infact, it may betransmural or
not, and may belargeor smdl. Similarly, aresting scintigraph-
ic defect may be large or small and may reflect a modest re-
duction or, indeed, a near absence of counts. In fact, studies
have shown that the amount of residual tracer uptakein aper-
fusion defect relates directly to the amount of remaining my-
ocardia tissue ® Therefore, both the size of the M1 and the
degreeto whichitistransmural contributeto the prominence
of the defect on scintigraphy. Thus, it seems likely that the
larger the MI, the more readily both the scintigraphy and the
ECG will beableto detect it accurately. Confirmation of these
assumptions must await analysis of a larger number of pa-
tients. Furthermore, it iswell recognized that Q waves often
become smaller or disappear entirely with the passage of time
after an M1.8 Thisevolution may also affect the correlation of
ECG and scintigraphic observations, sincewe are aware of no
information addressing the frequency with which resting per-
fusion defectsresolvefollowing MI.

Thevalidity of the use of resting myocardid perfusion de-
fectsasanindicator of Ml is, of course, pivota inthisanalysis.
Itisimportant, however, to consider that in someinstancesin-
tenseischemiamay account for such defects.”-8 Thus, some of
the 29 fal se negative ECG results may have really been true
negatives. Insofar asthat istrue, the sengtivity of the Minne-
sota Code Q or QS waves would be underestimated and the
predictive value of anegativetest improved.

We chosethe criteriafrom the Minnesota Codefor thisin-
vestigation becausethey arefrequently applied when astruc-
tured, standardized ECG interpretation isrequired. Thesecri-
teriaare too cumbersome to be employed in routine clinica
practice and do not take advantage of the scdar vector con-
ceptsthat many cardiol ogistsfind valuable. We had, however,
abroader motivefor undertaking this comparison. Wewished
to assess preliminarily the practicality of using resting myo-
cardid scintigraphy as astandard of reference for investiga-
tionsof the accuracy of QRS abnormalitiesfor theidentifica-
tionof prior MI.

Conclusions
Thesensitivity of MinnesotaCode criteriafor the detection

of prior Ml ismodest, just over 0.55, even whentheleast strin-
gent criteriaareemployed, and it becomes progressively poor-

TaBLE Il Sendtivity, specificity, and predictive accuracy of
MinnesotaCodefor prior myocardid infarction

Code Sendgitivity Specificity +Pred.vadue —Pred.vaue
11 0.30 0.96 0.78 0.74
11+12 043 0.88 0.64 0.77
11+12+13 058 0.75 0.53 0.79
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er asmore stringent criteriaareemployed. Specificity isquite
highwith the strictest criteria (0.96) but declinesto 0.76 when
criteriaaremadeless stringent to gainimproved sengtivity.
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Images in Cardiology: Interventricular Septal Dissection
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Fic.1 Parasterna long-axisview during systole showing the dis-
sected interventricular septum (arrowheads) and prosthetic aortic
vave (PAoV, arrow). RV =right ventricle, LV =left ventricle, LA =
left atrium.

Dissection of theinterventricular septal wall isavery rare
condition, usualy associated with sinus of Vasava aneu-
rysm.! A 45-year-old man, who had had aortic valve replace-
ment surgery for severe aortic regurgitation two yearsprior to
admission presented with increasing dyspnea (NYHA class
). Cardiac echocardiography showed aninterventricular sep-
tal dissection from the prosthetic aortic valve to the papillary
musclelevel of theleft ventricle. Thepatient had Behcet'sdis-
ease, which only became apparent during the present admis-

Fic.2 Parasterna short-axisview during systoleshowing LV cavi-
ty with adissected interventricular septum (arrowheads).

sion. Homograft aortic valve replacement surgery was per-
formed and an autopericardid patch was applied to the torn

septum.
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