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ABSTRACT

Background: The ability of the 12-lead ECG to quantify size and transmural extent
of myocardial infarction (MI) is not fully explored. Q waves are still thought of as
indicative of transmural MI, despite that several studies have rejected this association.
We hypothesized that size and transmural extent of acute MI indeed can be estimated
by QRS scoring on the 12-lead ECG using delayed contrast-enhanced magnetic
resonance imaging (DE-MRI) as gold standard and that Q waves are not predictive of
transmural MI.
Methods: Twenty-nine patients with first-time reperfused MI were studied. DE-MRI
was performed and 12-lead ECG was recorded 8 ± 1 days after the acute event. MI
size and transmurality were determined by DE-MRI and compared with Selvester
QRS score from the ECG recorded at the same day.
Results: There was a good correlation (r = 0.79, p < 0.001) between MI size by QRS
scoring and DE-MRI. As local MI transmurality increased as assessed by DE-MRI,
the local QRS score increased progressively (p < 0.001). There was no significant
difference in the number of Q-wave related QRS points between non-transmural and
transmural MI (1.8 ± 0.6 vs. 2.9 ± 0.4, p = 0.14). The global QRS score, however,
differed significantly (3.1 ± 0.8 vs. 5.1 ± 0.6, p < 0.05).
Conclusion: QRS score is significantly related to both MI size and transmurality by
DE-MRI in patients with first-time reperfused MI. Presence of Q waves, however, is
not indicative of transmural MI in these patients. Thus, QRS scoring could potentially
be used for diagnosing and characterising MI in patients with suspected recent MI.
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INTRODUCTION

The incidence and prognosis of heart failure and ventricular arrhythmias after acute
coronary occlusion are related to myocardial infarction (MI) size (1-4). The
transmural extent of MI has been shown to be related to probability of functional
recovery after acute revascularization (5). Thus, quantitative assessment of both MI
size and transmurality is important for clinical decision making in patients with acute
MI.
In recent years, delayed contrast-enhanced magnetic resonance imaging (DE-MRI)
has been shown to be highly accurate in quantifying and characterizing MI (6, 7).
Thus, DE-MRI is an appropriate method for studying MI pathophysiology in vivo and
is currently considered the gold standard for diagnosing and characterizing MI (8).
The 12-lead ECG has also been shown to be useful in estimating MI size (9). For
this purpose the so called Selvester QRS scoring system was developed and validated
by histopathology for different MI locations (10-13) and by DE-MRI for chronic
anterior MI (14). However, the 12-lead ECG has previously been described as
insensitive to MI transmurality as no relationship was found between Q-wave MI and
transmural MI by DE-MRI (15). The QRS scoring system considers not only Q waves
but also other infarct-related deformities in the QRS complex such as changes in Rand S-wave amplitudes, R-wave durations, as well as R/Q- and R/S-ratio. How the
Selvester QRS score relates to MI size and transmurality of first-time reperfused MI
assessed by DE-MRI has not yet been studied. Therefore the aim of the present study
was to test the hypotheses that QRS score is related to MI size and transmurality using
DE-MRI as gold standard and that presence of Q waves is not indicative of transmural
MI in patients with first-time reperfused MI.
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METHODS

Study population
Twenty-nine patients (28 males, mean age 61 years, range 42-83 years) with first-time
MI arriving at the Coronary Care Unit, Lund University Hospital, were prospectively
included in the study. All patients had significant ST deviation, positive biochemical
markers and symptoms suggestive of acute MI. All patients underwent successful
primary percutaneous coronary intervention (PCI). Exclusion criteria comprised
generally accepted contraindications for MRI such as pace-maker, defibrillators and
cerebral aneurysm clips, as well as confounding factors for the quantitative ECG
analysis including left or right bundle branch block, left anterior or posterior
fascicular block, left ventricular hypertrophy and preexcitation. Patients with clinical
history of prior MI, or signs of prior MI by ECG or DE-MRI, were also excluded.

Study protocol
The MRI examination took place 8 ± 1 days after admission. The culprit artery was
assigned by the angiographer performing the PCI and later by a second angiographer,
blinded to the assignment of the former. The admission ECG was used to localize the
acute ischemia based on leads with ST deviation characteristic of acute MI. The
quantitative ECG analysis (QRS scoring) was undertaken by an experienced ECG
reader, blinded to the MR results. The MRI analysis was performed by 2 observers,
blinded to each others results and to the ECG. The study protocol was approved by
the local ethics committee at Lund University and all patients gave their written
informed consent to participate in the study.
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Cardiac magnetic resonance imaging
MR imaging was performed on either of two 1.5 T systems: Magnetom Vision
(Siemens, Erlangen, Germany) with a CP body array coil, or Philips Intera CV
(Philips, Best, the Netherlands) with a cardiac synergy coil. All subjects were placed
in supine position. Short- and long-axis images were acquired, covering the left
ventricle (LV) (16). The gradient-recalled echo (GRE) cine sequence and the
segmented inversion-recovery (IR) GRE sequence were triggered by ECG, and
images were acquired during breath-hold. The short-axis GRE cine images (slice
thickness 8 mm, slice gap 2 mm) were used to measure LV dimensions and the
corresponding end-diastolic delayed enhanced IR GRE images were used to measure
the MI volume. A commercially available extracellular gadolinium-based contrast
agent (gadoteric acid, Gd-DOTA, Guerbet, Gothia Medical AB, Billdal, Sweden) was
administered intravenously (0.2 mmol/kg) 30 ± 9 (SD) minutes before image
acquisition. DE-MRI using the IR-GRE sequence utilizes an increase in regional
fractional distribution of extracellular MRI contrast media within the injured area to
achieve contrast between infarcted and non-infarcted myocardium (17-20). The
inversion time (TI) was adjusted to null the signal from the non-infarcted
myocardium.

MRI analysis
The MR images were analyzed using freely available software developed and
validated in-house (Segment 1.14, http://segment.heiberg.se)(21). The myocardium in
each LV short-axis slice was manually segmented by tracing endocardial and
epicardial borders. Regions of MI were visually identified as those with bright signal
intensity and were segmented manually with an additional region of interest (Fig 1A).
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The MI transmurality was assessed by analyzing the radial extent of
hyperenhancement between the endocardial and epicardial borders of the myocardial
wall at 4.5º intervals around the circumference of LV short-axis DE-MR images (Fig
1B). The maximum transmurality of the entire MI as well as the mean and maximum
transmurality in each of the 12 LV segments (Fig 1C) was calculated. MIs were
labeled transmural if hyperenhancement extended throughout the entire LV wall at
any point. Segments 1-6 are referred to as anterior, 7-9 as inferior and 10-12 as
posterolateral. MI size as percent of the LV was calculated by summing the absolute
amount of hyperenhanced tissue for all LV short-axis slices, divided by the total
amount of LV tissue.

Electrocardiographic recordings and analysis
Standard 12-lead ECG was recorded at the time of patient admission and at the time
of the MRI examination using a MEGACART-R (Siemens-Elema AB, Solna,
Sweden). The frequency response was set at the range of 0.05-150Hz and the
sampling rate was 500 Hz. The admission ECG was used to designate the location of
the acute ischemia based on ST deviation patterns according to the method described
by Aldrich et al (22). To estimate MI size from the ECG, the 50-criteria/31-point
Selvester QRS scoring system was employed. Each QRS point has been designed to
represent approximately 3 % of the LV (Appendix, Panel A) (10-13). Q-, R- and Swave amplitudes, Q- and R-wave durations, and R/Q- and R/S-ratio were manually
measured and checked against previously established criteria. The summed QRS
points constitute the global QRS score. The estimated MI size as percent of the LV
was acquired by multiplying global QRS score by 3. The Selvester QRS scoring
system also generates a local QRS score for each of the 12 LV segments (Appendix,
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Panel B). The local QRS scores were compared with MI transmurality by DE-MRI in
corresponding LV segments.

Statistical analysis
All results were expressed as mean ± SD, except when comparing means where
standard error of the mean was used. Linear regression analysis was used to assess the
relationship between MI size by QRS scoring and DE-MRI. Bland-Altman plots (23)
were used to assess differences in MI size between QRS scoring and DE-MRI. Twotailed t-tests were used to compare the non-transmural and transmural MI groups with
regards to global QRS score and the number of Q-wave related QRS points. The
Jonckheere-Terpstra test for trend was used to assess the relationship between local
QRS score and MI transmurality by DE-MRI in the 12 LV segments. SPSS version
12.0 was used for all statistical analyses. P values less than 0.05 were considered to
indicate statistical significance.
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RESULTS

MRI and angiographic findings
In 41 % (11/29) of the patients, MI was found in the anterior LV wall, all showing left
anterior descending artery (LAD) occlusion by angiography (Table 1). In 48 %
(14/29) of the patients, MI was found in the inferior LV wall, all showing right
coronary artery (RCA) occlusion. In 7 % (2/29) of the patients MI was located in the
posterolateral LV wall resulting from occlusion of the left circumflex artery (LCX).
There was complete agreement between the two angiographers assigning the culprit
artery. In two patients no MI was found. The anterior, inferior and posterolateral MIs
measured 9 ± 8 %, 8 ± 5 % and 17 ± 4 % of the LV, respectively.

ECG findings
The localization of the acute ischemia on the admission ECG corresponded with the
main location of MI by DE-MRI in 96 % (26/27) of the patients (Table 1). One patient
with posterolateral MI by DE-MRI was assigned inferior ischemia location on the
admission ECG. However, in addition to inferior ST elevation, this patient had ST
depression in V1 and V2 as well as ST elevation in V5 and V6 suggestive of
posterolateral involvement. The anterior, inferior and posterolateral MIs measured 12
± 7 %, 11 ± 9 % and 21 ± 8 % of the LV, respectively. In 21 % (6/29) of the patients
there were no signs of MI on the ECG (QRS score = 0). Two of those patients had no
MI by DE-MRI and for the remaining 4 patients MI size measured by DE-MRI was
less than 2 % of the LV.
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Relationship between infarct size by QRS scoring and DE-MRI
A good correlation (r = 0.79, p < 0.001) between MI size estimated by QRS scoring
and measured by DE-MRI was found (Figure 2A). The correlation remained good
when analysing MIs caused by LAD occlusion (r = 0.86, p < 0.001) and RCA
occlusion (r = 0.72, p = 0.004) separately (Figure 2B,C). Since only two MIs caused
by LCX occlusion were found, the correlation could not be assessed in this group
separately (Figure 2D). MI size was overestimated by 3.3 ± 5.6 % (Figure 2A) by
QRS scoring compared to DE-MRI. The overestimation was in the same range for MI
caused by LAD (3.7 ± 6.1 %, Figure 2B), RCA (3.3 ± 5.6 %, Figure 2C) and LCX
(4.1 ± 6.8 %) occlusions.

Relationship between local QRS score and infarct transmurality
Local QRS score was significantly correlated to MI transmurality by DE-MRI (r =
0.71, p < 0.001) in the 12 LV segments (Figure 3A). As MI transmurality increased
the local QRS score increased progressively (p < 0.001) (Figure 3B).

Relationship between Q waves and infarct transmurality
Non-transmural MI was found in 45 % (13/29) of the patients of which 46 % (6/13)
were assigned Q-wave points. Transmural MI was found in 48 % (14/29) of which 93
% (1/14) were assigned Q-wave points. No significant difference in number of Qwave related QRS points was found between the non-transmural and transmural MI
groups (1.8 ± 0.6 vs. 2.9 ± 0.4, p = 0.14) (Figure 4A). The global QRS score,
however, differed significantly between the non-transmural and transmural MI groups
(3.1 ± 0.8 vs. 5.1 ± 0.6, p < 0.05) (Figure 4B). Q-wave related local QRS points were
absent in 35 % (13/37) of the LV segments showing 100 % MI transmurality at some
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point. Thus, presence of Q waves was not indicative of transmural MI. Figure 5 shows
three examples where it would be wrong to equate Q-wave MI with transmural MI.
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DISCUSSION

The data shows that QRS score is significantly related to MI size and transmurality by
DE-MRI in patients with first-time reperfused MI. Presence of Q waves, however, is
shown not to be indicative of transmural MI in these patients.

Pathophysiological considerations for infarct-related QRS changes
In 1954, Prinzmetal et al (24) concluded from their pathology studies that only
transmural MI could give rise to pathologic Q waves in the 12-lead ECG. However,
more recent literature has rejected the notion that Q waves can be used to differentiate
transmural from non-transmural MI (25-27). Furthermore, studies in patients with
first-time MI have not been able to show any differences in clinical outcome between
Q-wave and non-Q-wave MI (28-30). Appearance of Q waves is only one possible
electrocardiographic outcome after MI. Several depolarization abnormalities such as
peri-infarction block and slow conduction can affect the QRS complex after MI.
Pathological Q waves only appear when the MI causes the initial depolarization forces
to be directed away from the leads in which the Q waves are seen, whether the MI is
transmural or not.
Eight to ten percent of the MIs in general involve only the base of the LV and do
not produce initial QRS changes (31). Thus, changes in the later part of the QRS
complex must also be taken into consideration when performing quantitative
assessment of MI from the ECG. In the present study no patient exhibited MI
involving only the basal third of the LV. However, if reduction in S-amplitude in V1
and V2 would not have been taken into consideration in one of the patients with
posterolateral MI, QRS score would have significantly underestimated the MI size.
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Infarct transmurality
Moon et al (32) have previously shown that the dichotomous terms transmural and
non-transmural MI are overly simplistic since an MI is rarely just one or the other.
Therefore, in the present study, MI transmurality was not only assessed as
transmurality for the entire MI but also as the mean MI transmurality for a given LV
segment. Forty-six percent of the patients with non-transmural MI were assigned Qwave criteria in the present study. Thus, equating non-transmural MI with non-Qwave MI would be wrong in almost half of the patients. The mean global QRS score
was found to differ between the non-transmural and transmural MI groups. However,
given the considerable overlap in both Q-wave related QRS points and global QRS
score between the groups (Figure 4), none of the ECG indices can be used to
differentiate between non-transmural and transmural MI. Sievers et al (15) has
previously showed that ECG findings cannot be used to differentiate between
transmural and non-transmural MI or to determine MI location. However, only Q
waves were considered in their study. Local QRS score, however, was significantly
related to MI transmurality by DE-MRI in the 12 LV segments. This indicates that the
Selvester QRS scoring system could potentially be used to identify patients likely to
recover LV function after revascularization, since regional MI transmurality is shown
to be important for functional recovery after revascularization (5).

Infarct size
The Selvester QRS scoring system was developed and validated before
revascularization was clinically established (11-13). Residual viable myocardium
within in the MI region is more likely to be found after revascularization in
comparison to non-revascularized MI. Consequently, it is not clear how the Selvester
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QRS scoring system performs in patients undergone acute reperfusion therapy.
Several studies have shown that QRS scoring is associated with indirect estimated MI
size after reperfusion (33-35). This is the first study, however, exploring the
relationship between MI size by QRS scoring and DE-MRI in acute reperfused MI.
There was a good correlation (r = 0.79, p < 0.001), which is comparable with the
relationship found in previous histopathology reports (r = 0.72-0.80) (11-13). Even
though all MIs exceeding 2 % of the LV were identified by the ECG, accurate
characterization of MI size and transmurality required DE-MRI.
In a previous study on chronic anterior MI the correlation between MI size by QRS
scoring and DE-MRI was only moderate (r = 0.40) (14). The majority of those
patients, however, had severe LV remodelling and apical aneurysms, limiting the
diagnostic accuracy of the QRS scoring system.

Limitations
The study population in this study does not represent the MI population in general
since all patients had first-time reperfused MI and no confounding factors for QRS
scoring. The ability to predict MI size and location from 12-lead ECG, however, is of
highest importance in patients with suspected first-time MI to rule out or confirm
infarcted myocardium. There were few LV segments that had mean transmurality
between 76 and 100 %. Still, the trend with higher local QRS score as the MI
transmurality increased was highly significant. The clinical use of the QRS scoring
system is still limited, since patients may develop conduction abnormalities due to
MI, introducing confounding factors for QRS scoring.
The standard 17-segment model of the LV (36) was not used in the present study.
The rationale for using the 12-segment LV model instead was that the QRS scoring
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system was developed using the 12-segment model (37) and that the DE-MRI data
was easily adopted to this model.

CONCLUSIONS

QRS score is significantly related to MI size and transmurality by DE-MRI in patients
with first-time reperfused MI. Presence of Q waves, however, is not indicative of
transmural MI in these patients. Thus, QRS scoring could potentially be used for
diagnosing and characterising MI in patients with suspected recent MI.

ACKNOWLEDGEMENTS

The study was supported by the Swedish Medical Research Council, the Swedish
Heart Lung Foundation and the Medical Faculty at Lund University.

15

REFERENCES

1.

Sobel BE, Bresnahan GF, Shell WE, Yoder RD. Estimation of infarct size in
man and its relation to prognosis. Circulation 1972;46(4):640-8.

2.

Hombach V, Grebe O, Merkle N, Waldenmaier S, Hoher M, Kochs M, et al.
Sequelae of acute myocardial infarction regarding cardiac structure and function
and their prognostic significance as assessed by magnetic resonance imaging.
Eur Heart J 2005.

3.

Page DL, Caulfield JB, Kastor JA, DeSanctis RW, Sanders CA. Myocardial
changes associated with cardiogenic shock. N Engl J Med 1971;285(3):133-7.

4.

Geltman EM, Ehsani AA, Campbell MK, Schechtman K, Roberts R, Sobel BE.
The influence of location and extent of myocardial infarction on long-term
ventricular dysrhythmia and mortality. Circulation 1979;60(4):805-14.

5.

Choi KM, Kim RJ, Gubernikoff G, Vargas JD, Parker M, Judd RM. Transmural
extent of acute myocardial infarction predicts long-term improvement in
contractile function. Circulation 2001;104(10):1101-7.

6.

Fieno DS, Kim RJ, Chen EL, Lomasney JW, Klocke FJ, Judd RM. Contrastenhanced magnetic resonance imaging of myocardium at risk: distinction
between reversible and irreversible injury throughout infarct healing. J Am Coll
Cardiol 2000;36(6):1985-91.

7.

Kim RJ, Fieno DS, Parrish TB, Harris K, Chen EL, Simonetti O, et al.
Relationship of MRI delayed contrast enhancement to irreversible injury, infarct
age, and contractile function. Circulation 1999;100(19):1992-2002.

16

8.

Pennell DJ, Sechtem UP, Higgins CB, Manning WJ, Pohost GM, Rademakers
FE, et al. Clinical indications for cardiovascular magnetic resonance (CMR):
Consensus Panel report. J Cardiovasc Magn Reson 2004;6(4):727-65.

9.

Savage RM, Wagner GS, Ideker RE, Podolsky SA, Hackel DB. Correlation of
postmortem anatomic findings with electrocardiographic changes in patients
with myocardial infarction: retrospective study of patients with typical anterior
and posterior infarcts. Circulation 1977;55(2):279-85.

10.

Wagner GS, Freye CJ, Palmeri ST, Roark SF, Stack NC, Ideker RE, et al.
Evaluation of a QRS scoring system for estimating myocardial infarct size. I.
Specificity and observer agreement. Circulation 1982;65(2):342-7.

11.

Ideker RE, Wagner GS, Ruth WK, Alonso DR, Bishop SP, Bloor CM, et al.
Evaluation of a QRS scoring system for estimating myocardial infarct size. II.
Correlation with quantitative anatomic findings for anterior infarcts. Am J
Cardiol 1982;49(7):1604-14.

12.

Roark SF, Ideker RE, Wagner GS, Alonso DR, Bishop SP, Bloor CM, et al.
Evaluation of a QRS scoring system for estimating myocardial infarct size. III.
Correlation with quantitative anatomic findings for inferior infarcts. Am J
Cardiol 1983;51(3):382-9.

13.

Ward RM, White RD, Ideker RE, Hindman NB, Alonso DR, Bishop SP, et al.
Evaluation of a QRS scoring system for estimating myocardial infarct size. IV.
Correlation with quantitative anatomic findings for posterolateral infarcts. Am J
Cardiol 1984;53(6):706-14.

14.

Engblom H, Wagner GS, Setser RM, Selvester RH, Billgren T, Kasper JM, et
al. Quantitative clinical assessment of chronic anterior myocardial infarction

17

with delayed enhancement magnetic resonance imaging and QRS scoring. Am
Heart J 2003;146(2):359-66.
15.

Sievers B, John B, Brandts B, Franken U, van Bracht M, Trappe HJ. How
reliable is electrocardiography in differentiating transmural from non-transmural
myocardial infarction? A study with contrast magnetic resonance imaging as
gold standard. Int J Cardiol 2004;97(3):417-23.

16.

Engblom H, Hedstrom E, Palmer J, Wagner GS, Arheden H. Determination of
the left ventricular long-axis orientation from a single short-axis MR image:
relation to BMI and age. Clin Physiol Funct Imaging 2004;24(5):310-5.

17.

Tong CY, Prato FS, Wisenberg G, Lee TY, Carroll E, Sandler D, et al.
Measurement of the extraction efficiency and distribution volume for Gd-DTPA
in normal and diseased canine myocardium. Magn Reson Med 1993;30(3):33746.

18.

Saeed M, Wendland MF, Masui T, Higgins CB. Reperfused myocardial
infarctions on T1- and susceptibility-enhanced MRI: evidence for loss of
compartmentalization of contrast media. Magn Reson Med 1994;31(1):31-9.

19.

Arheden H, Saeed M, Higgins CB, Gao DW, Bremerich J, Wyttenbach R, et al.
Measurement of the distribution volume of gadopentetate dimeglumine at echoplanar MR imaging to quantify myocardial infarction: comparison with 99mTcDTPA autoradiography in rats. Radiology 1999;211(3):698-708.

20.

Flacke SJ, Fischer SE, Lorenz CH. Measurement of the gadopentetate
dimeglumine partition coefficient in human myocardium in vivo: normal
distribution and elevation in acute and chronic infarction. Radiology
2001;218(3):703-10.

18

21.

Heiberg E. Automated feature detection in multidimensional images [PhD
thesis, ISBN 91-85297-10-0]. Linköping: Linköping University, Sweden; 2005.

22.

Aldrich HR, Hindman NB, Hinohara T, Jones MG, Boswick J, Lee KL, et al.
Identification of the optimal electrocardiographic leads for detecting acute
epicardial injury in acute myocardial infarction. Am J Cardiol 1987;59(1):20-3.

23.

Bland JM, Altman DG. Statistical methods for assessing agreement between
two methods of clinical measurement. Lancet 1986;1(8476):307-10.

24.

Prinzmetal M, Shaw CM, Jr., Maxwell MH, Flamm EJ, Goldman A, Kimura N,
et al. Studies on the mechanism of ventricular activity. VI. The depolarization
complex in pure subendocardial infarction; role of the subendocardial region in
the normal electrocardiogram. Am J Med 1954;16(4):469-89.

25.

Pipberger HV, Lopez EA. "Silent" subendocardial infarcts: fact or fiction? Am
Heart J 1980;100(5):597-9.

26.

Phibbs B. "Transmural" versus "subendocardial" myocardial infarction: an
electrocardiographic myth. J Am Coll Cardiol 1983;1(2 Pt 1):561-4.

27.

Spodick DH. Q-wave infarction versus S-T infarction. Nonspecificity of
electrocardiographic criteria for differentiating transmural and nontransmural
lesions. Am J Cardiol 1983;51(5):913-5.

28.

Stone PH, Raabe DS, Jaffe AS, Gustafson N, Muller JE, Turi ZG, et al.
Prognostic significance of location and type of myocardial infarction:
independent adverse outcome associated with anterior location. J Am Coll
Cardiol 1988;11(3):453-63.

29.

Benhorin J, Moss AJ, Oakes D. Prognostic significance of nonfatal myocardial
reinfarction. Multicenter Diltiazem Postinfarction Trial Research Group. J Am
Coll Cardiol 1990;15(2):253-8.

19

30.

Aguirre FV, Younis LT, Chaitman BR, Ross AM, McMahon RP, Kern MJ, et
al. Early and 1-year clinical outcome of patients' evolving non-Q-wave versus
Q-wave myocardial infarction after thrombolysis. Results from The TIMI II
Study. Circulation 1995;91(10):2541-8.

31.

Selvester RH, Wagner GS, Ideker RE. Myocardial infarction. In: Macfarlane P,
Lawrie T, editors. Comprehensive electrocardiology: Theory and practice in
health and disease. 1st ed. New York: Pergamon press; 1989. p. 566-629.

32.

Moon JC, De Arenaza DP, Elkington AG, Taneja AK, John AS, Wang D, et al.
The pathologic basis of Q-wave and non-Q-wave myocardial infarction: a
cardiovascular magnetic resonance study. J Am Coll Cardiol 2004;44(3):55460.

33.

De Sutter J, Van de Wiele C, Gheeraert P, De Buyzere M, Gevaert S, Taeymans
Y, et al. The Selvester 32-point QRS score for evaluation of myocardial infarct
size after primary coronary angioplasty. Am J Cardiol 1999;83(2):255-7, A5.

34.

Juergens CP, Fernandes C, Hasche ET, Meikle S, Bautovich G, Currie CA, et al.
Electrocardiographic measurement of infarct size after thrombolytic therapy. J
Am Coll Cardiol 1996;27(3):617-24.

35.

Tateishi S, Abe S, Yamashita T, Okino H, Lee S, Toda H, et al. Use of the QRS
scoring system in the early estimation of myocardial infarct size following
reperfusion. J Electrocardiol 1997;30(4):315-22.

36.

Cerqueira MD, Weissman NJ, Dilsizian V, Jacobs AK, Kaul S, Laskey WK, et
al. Standardized myocardial segmentation and nomenclature for tomographic
imaging of the heart: a statement for healthcare professionals from the Cardiac
Imaging Committee of the Council on Clinical Cardiology of the American
Heart Association. Circulation 2002;105(4):539-42.

20

37.

Wagner GS, Cowan MJ, Flowers NC, Ginzton LE, Ideker RE, Laks MM, et al.
Nomenclature of myocardial wall segments. Committee report. In: Selvester
RH, editor. Computerized Interpretation of Electrocardiograms.VIII, Proc.
Engineering Foundation Conf.; New York; 1984.

21

APPENDIX
Panel A
Lead

Criteria

Panel B
Pts.

Ant-sep
1
2
3

Ant-sup
4
5
6

I
[1]

Q ≥ 30 ms
R/Q ≤ 1
R ≤ 0.2 mV

1
1
1

1
1
1

II
[2]

Q ≥ 40 ms
Q ≥ 30 ms

2
1

aVL
[2]

Q ≥ 30 ms
R/Q ≤ 1

1
1

aVF
[5]

Q ≥ 50 ms
Q ≥ 40 ms
Q ≥ 30 ms

3
2
1

R/Q ≤ 1
R/Q ≤ 2

2
1

V1(ant) Any Q
[1]
(post) R/S ≥ 1
[4]
R ≥ 50 ms
R ≥ 1.0 mV
R ≥ 40 ms
R ≥ 0.6 mV
Q and S ≤ 0.3 mV

1

V2(ant) Any Q
[1]
R < RV1
R ≤10 ms
R ≤ 0.1 mV

1
1
1
1

(post)
[4]

R/S ≥ 1.5
R ≥ 60 ms
R ≥ 2.0 mV
R ≥ 50 ms
R ≥ 1.5 mV
Q and S ≤ 0.4 mV

1
2
2
1
1
1

V3
[1]

Any Q
R ≤ 20 ms
R ≤ 0.2 mV

1
1
1

1
1
1

1
1
1

V4
[3]

Q ≥ 20 ms
R/Q ≤ 0.5
R/S ≤ 0.5
R/Q ≤ 1
R/S ≤1
R ≤ 0.7 mV

1
2
2
1
1
1

1
2
2
1
1
1

1
2
2
1
1
1

1
1
1
1
1
1

V5
[3]

Q ≥ 30 ms
R/Q ≤ 1
R/S ≤1
R/Q ≤ 2
R/S ≤ 2
R ≤ 0.7 mV

1
2
2
1
1
1

1
2
2
1
1
1

1
1
1

1
2
2
1
1
1

V6
[3]

Q ≥ 30 ms
R/Q ≤ 1
R/S ≤ 1
R/Q ≤ 3
R/S ≤ 3
R ≤ 0.6 mV

1
2
2
1
1
1

1
1
1

2
1

1

1
1
1
1
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The Selvester QRS scoring system used to quantify the amount of MI from the 12-lead
ECG. Panel A) The 50 QRS criteria. If more than one criterion within the same box
was met, only the one generating the highest point was considered. The QRS points
assigned in Panel A were summed to a global QRS score. Panel B) The distribution
of QRS points into local QRS points per LV segment. Each QRS point assigned in
Panel A has 3 corresponding local QRS points assigned in Panel B. For each LV
segment (1-12) the local QRS points were summed to a local QRS score which was
compared with MI transmurality by DE-MRI in the corresponding LV segment.
ant, anterior; Ant-sep, anteroseptal; Ant-sup, anterosuperior; Inf, inferior; post,
posterior; Post-lat, posterolateral
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FIGURE LEGENDS

Figure 1
A) An example of a typical DE-MRI short-axis slice, where the myocardium and the
MI (arrow) are delineated. B) Corresponding DE-MRI short-axis slice showing how
the MI transmurality was determined at each 4.5º around the circumference. C) Bullseye plot of the 12 LV segments for which local QRS score and MI transmurality by
DE-MRI were determined.

Figure 2
The relationship between infarct size by QRS scoring and DE-MRI. Upper panel:
Linear regression plots for (A) all patients, (B) patients with left anterior descending
artery (LAD) occlusion, (C) patients with right coronary artery (RCA) occlusion and
(D) patients with left circumflex artery (LCX). Lower panel: Bland-Altman plots
showing the differences in MI size between QRS scoring and DE-MRI in the
corresponding patient groups. QRS scoring overestimated the MI size by 3.3 ± 5.6 %.

Figure 3
Relationship between local QRS score and mean MI transmurality by DE-MRI in the
12 LV segments. The linear regression plot (A) and the bar graph (B) show that local
QRS score increase progressively as infarct transmurality increase as assessed by DEMRI. Bars indicate mean local QRS score ± standard error of the mean for different
ranges of MI transmurality.
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Figure 4
Comparison between non-transmural and transmural MI with regards to (A) the
number of Q-wave points and (B) global QRS score. The figure shows that there is no
significant difference in number of Q-wave related QRS points between the nontransmural and transmural MI groups, but a significant difference in global QRS
score. Given the considerable overlap in both Q-wave points and global QRS score,
none of them could be used to differentiate between the two groups. Solid dots
represent mean ± standard error of the mean.

Figure 5
Three cases illustrating the importance of considering not only Q-waves for MI
detection and quantification by ECG. A) A small transmural, non-Q-wave MI in the
inferior LV wall. B) A non-transmural, Q-wave MI in the inferior LV wall. C) A
transmural, non-Q-wave MI in the posterolateral LV wall. This patient had prominent
R-waves and small S-waves in V1 and V2 suggestive of posterolateral MI. The MRI
examination was aborted before long-axis images were acquired.
Arrows indicate either MI by DE-MRI or QRS changes generating QRS points.
2ch, two chamber long-axis view

Table 1. Patient characteristics

Number (%)
Male
Age (range)

28 (97 %)
61 ± 9 (42-83)

Occluded artery
LAD
RCA
LCx

13 (45 %)
14 (48 %)
2 ( 7 %)

Ischemia localization (ECG)
Anterior
Inferior
Posterolateral

12 (41 %)
15 (52 %)
2 ( 7 %)

Primary MI location (MRI)
Anterior
Inferior
Posterolateral
None

11 (38 %)
14 (48 %)
2 ( 7 %)
2 ( 7 %)

Primary MI location (QRS score)
Anterior
Inferior
Posterlateral
None

11 (38 %)
10 (34 %)
2 ( 7 %)
6 (21 %)

Left ventricular mass (g)

155 ± 33 (96-236)
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