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Abstract

Studies have demonstrated that patients with Q wave infarctions on the
electrocardiogram (ECG) frequently have non-transmural scar formation, whereas
non-Q wave may have transmural scars. The precise pathophysiological substrate
underlying the Q waves remains unclear. Magnetic resonance imaging (MRI) is the
preferred technique to evaluate patients with myocardial infarction, since information
can be obtained on function, contractile reserve (viability) and scar tissue. Consecutive
patients (n=09) with coronary artery disease and history of myocardial infarction
underwent MRI; the protocol included MRI at rest, low-dose dobutamine MRI and
delayed contrast-enhanced MRI. Parameters included: left ventricular (LV) ejection
fraction, LV volumes, end-diastolic wall thickness and contractile reserve in the infarct
region, transmurality and spatial extent of scar tissue, total scar score and the
quantified percentage of LV scar tissue. The MRI data were related to the presence or
absence of Q waves on the ECG. Q waves were present in 39 (57%) patients.
Univariate analysis identified the transmurality, the spatial extent, the total scar score
and the quantified percentage scar tissue as predictors of QQ waves. Multivariate
analysis demonstrated that the quantified percentage scar tissue was the single best
predictor. A cut off value of 17% infarcted tissue of the LV yielded a sensitivity and
specificity of 90% to predict the presence or absence of Q waves. When the quantified
percentage scar tissue was removed from the model, the spatial extent of infarction
was the best predictor. Thus, Q waves on the ECG correlate best with the quantified

percentage scar tissue on delayed contrast-enhanced MRI.
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Introduction

Recently, gadolinium-enhanced cardiovascular magnetic resonance imaging (MRI) has
been used for the assessment of scar tissue '. This technique is extremely suited to
evaluate the precise relation between the circumferential extent and transmurality of
left ventricular (LV) scar tissue and the presence or absence of Q waves on the
electrocardiogram (ECG). Accordingly, we evaluated a consecutive series of patients
with a first infarction, using delayed contrast-enhanced MRI. In addition, a variety of
other parameters were derived from MRI, including the regional wall motion, the left
ventricular ejection fraction (LVEF) and LV volumes, the end-diastolic wall thickness
(EDWT) in the infarct region, and the presence of contractile reserve (determined
during low-dose dobutamine MRI). The MRI findings were related to the presence or
absence of Q waves on the ECG, and extensive analysis was performed to determine

which parameter(s) correlate(s) with the presence of Q waves on the ECG.

Materials and methods
Patient population, study protocol
A total of 69 consecutive patients with chronic coronary artery disease (CAD)
(angiographically documented) and history of a first myocardial infarction (>3 months
before the study) were included. The region of infarction was assessed on
echocardiography at rest at the time of admission. All patients had regional LV
dysfunction and were in sinus rhythm. Patients with a recent infarction (<3 months),
unstable angina, severe valvular disease, pacemakers and intracranial clips were
excluded.

ECG at rest was first acquired to evaluate the presence or absence of Q waves.
The MRI protocol consisted of a cine MRI at rest to evaluate regional and global LV
function, LV volumes and EDWT in the infarct region. Next, low-dose dobutamine
MRI was performed to evaluate contractile reserve in the infarct region. Thereafter,
delayed contrast-enhanced MRI was performed to determine the circumferential
extent and transmurality of infarcted tissue and the precise percentage of the LV with
scar tissue was calculated. The MRI findings were related to presence or absence of Q
waves on the ECG in the infarct region. All patients gave informed consent to the

study protocol that was approved by the local ethics committee.
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Electrocardiography

The surface ECGs were acquired on the day of the MRI study and read by two
experienced observers without knowledge of the MRI results. Q waves were
considered pathologic if they met the following criteria: (1) Q wave 230 ms on lead
aVF, (2) Q wave 240 ms on leads I and aVL, (3) Q wave 240 ms in 22 on leads V4
through V6, (4) R wave 240 ms on lead V1, (5) any Q wave on lead V2, and (6) R
wave =0.1 mV and of 10 ms on lead V2, according to the Selvester’s QRS screening
criteria for QQ wave myocardial infarction 2.

Accordingly, pathologic Q waves were assigned to 3 LV regions: anterior
(preserved R wave on lead V1 and pathologic Q wave on >1 of leads V2 to V5),
lateral (pathologic Q wave on >1 of leads I, aVL, or V0), or inferior (pathologic Q
wave on >1 of leads II, 111, or aVF) 4.

MR, data acquisition

A 1.5-Tesla Gyroscan ACS-NT MRI scanner (Philips Medical Systems, The
Netherlands) equipped with powertrack 6000 gradients, release 9.1 scanner software
and 5-clement cardiac synergy coil was used. Patients were positioned in the supine
position. Images were acquired during breath-holds of approximately 15 seconds
using vector electrocardiographic gating. The blood pressure was continuously
monitored using an external physiologic monitor.

The heart was imaged from apex to base 5 with 10 to 12 imaging levels
(dependent on the heart size) in short-axis view using a sensitivity encoding balanced
fast field echo sequence. Typical parameters were field of view 400 x 400 mm, matrix
size 256 x 250, slice thickness 10.00 mm, slice gap 0.00 mm, flip angle 50°, time to
echo 1.82 ms and time to repeat 3.65 ms. Temporal resolution was 25 to 39 ms.
Geometry settings of the baseline scans were stored and repeated for low-dose
dobutamine stress and delayed contrast-enhanced images, to ensure matching of the
same slices (and therefore myocardial segments).

Delayed contrast-enhanced images were acquired approximately 15 minutes after
bolus injection of Gadolinium-DTPA (Magnevist, Schering/Betlex, Germany, 0.15
mmol/kg) with an inversion-recovery gradient echo sequence; inversion time was
determined using real time planscan. Typical parameters were the following: field of
view 400 x 400 mm, matrix size 256 x 256, slice thickness 5.00 mm, flip angle 15°,

time to echo 1.36 ms and time to repeat 4.53 ms.
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Intravenous dobutamine infusion was started at a rate of 5 pg/kg/min and
increased after 5 minutes to 10 pg/kg/min. Five minutes thereafter, low-dose
dobutamine images were acquired in 2- and 4-chamber and short-axis views. The

same parameters were applied as described for imaging at rest.

MRI, data analysis; LV EF, volumes, wall motion, EDWT and contractile reserve

To determine global function, endocardial borders were outlined manually on the
short-axis cine images using previously validated software (MASS, Medis, The
Netherlands). Papillary muscles were regarded as being patt of the ventricular cavity,
and epicardial fat was excluded. LV end-systolic and LV end-diastolic volumes were
calculated. Subsequently, subtracting the end-systolic volume from the volume at end-
diastole and dividing the result by the end-diastolic volume derived the related LVEF.
The EDWT was measured quantitatively at the center of the infarct region.

To determine regional wall motion at rest, cine magnetic resonance images were
visually interpreted by two experienced observers (blinded to other MRI and clinical
data) using the 17-segment model ¢. Each segment was assigned a wall motion score
using a 5-point scale with 0: normal wall motion, 1: mild hypokinesia, 2: severe
hypokinesia, 3: akinesia, and 4: dyskinesia 7. Summation of the individual segmental
scores and divided by 17 yielded the summed wall motion score index (reflecting
systolic (dys-) function per patient).

In dysfunctional segments at rest (scores 1 to 4), the presence or absence of
contractile reserve was based on visual analysis of the difference in myocardial wall
motion between MRI acquisitions at rest and during infusion of low-dose
dobutamine. An improvement in segmental wall motion score by one grade or more
was considered indicative of contractile reserve. Of note, dyskinetic segments
becoming akinetic were not considered to exhibit contractile reserve 8. Improvement
of two or more segments was considered indicative of contractile reserve in the infarct

region.

Assessment of scar tissue

Delayed contrast-enhanced images were scored visually by two experienced observers
(blinded to other MRI and clinical data) using the 17-segment model as recently
proposed °. Each segment was graded on a 5-point scale (segmental scar score) with 0:
absence of hyperenhancement, 1: hyperenhancement of 1% to 25% of LV wall
thickness, 2: hyperenhancement extending to 26% to 50%, 3: hyperenhancement
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extending to 51% to 75%, and 4: hyperenhancement extending to 76% to 100% of
the LV wall thickness 1°.

The number of affected segments was considered to reflect the spatial
(circumferential) extent of scar tissue. The number of segments with a segmental scar
score of 3 or 4 was considered to reflect the transmurality of scar tissue in the infarct-
zone. Summation of the individual segmental scores and divided by 17 yielded the
total scar score (reflecting the damage per patient). To quantify the precise amount of
infarcted tissue, hyperenhanced areas were manually traced on the short-axis images
and the percentage of the LV with scar tissue was calculated. Reproducibility for visual
and quantitative analysis was determined in a previous study ''. The resulting intra-
and interobserver agreements were 97% and 94% for visual analysis and 3.0 £ 5.1%

and 4.2+ 6.6% for quantitative analysis of scar tissue, respectively.

Statistical analysis

Continuous data were expressed as mean * standard deviation and compared using
nonparametric or the two-tailed Student's # test for (un-)paired data when appropriate.
Differences in (baseline) characteristics between patients with and without Q waves
were analyzed by Mann-Whitney and Fischet's exact tests, as appropriate.
Comparisons of proportions for dichotomous data were performed using chi-square
analysis with Yates’ correction. Univariate and multivariate logistic regression analyses
were performed to determine the relation between the presence or absence of Q
waves on the ECG and MRI variables. The optimal cutoff value for the quantified
percentage of scar tissue to predict the presence or absence of Q waves on the ECG
was determined by receiver operating characteristic curve analysis. For all tests, a p-

value <0.05 was considered significant.

Results

Patient characteristicsy, ECG results

The clinical characteristics of the study population are shown in Table 1. According to
the echocardiographical findings at baseline, 24 patients were classified to have an
anterior or anteroseptal infarction, 29 an inferior and 16 a lateral infarction.
Pathological Q waves were present in 39 (57%) patients, the remaining 30 (43%) did
not have Q waves on the ECG. All patients had significant CAD on angiography
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(>70% reduction in luminal diameter of at least one major coronary artery). They had

on average 2.3 £ (.7 stenosed coronary arteries.

Table 1. Clinical characteristics of the study population.

Q wave Non-Q wave
Variable (n=39) (n=30)
Age (years) 62+ 11 63+ 11
Men/Women 36/3 28/2
Number of narrowed coronary arteries 24=£08 21£0.7
Locations on electrocardiogram
Anterior 20 4
Inferior 15 14
Lateral 4 12
Infarct therapy
Conservativet 60% 41%*
Thrombolysis 27% 36%
Percutaneous coronary intervention 13% 23%
Current medication
Aspirin 97% 93%
B-blockers 86% 90%
Angiotensin converting enzyme inhibitors 86% 83%
Diuretics 46% 53%
Nitrates 44% 40%

"Distribution of location of infarct: p<<0.05, Q wave versus non-Q wave infarction.
tConservative therapy includes anticoagulation drugs, nitrates, 3-blockers.

Distribution of infarct therapy: p=not significant for Q wave versus non-Q wave infarction.

Findings on MRI
The MRI findings are summarized in Table 2. The mean LVEF was 40 £ 12% (range
14% to 64%), and was not different between patients with a Q and non-Q wave
infarction. The LV end-diastolic and LV end-systolic volumes were 232 = 53 ml
(range 151 to 381 ml) and 141 * 57 ml (range 67 to 322 ml) respectively (results were
non-significant for (Q wave versus non-QQ wave infarction).

All patients demonstrated regional wall motion abnormalities in the infarct

region, with a mean of 5.7 = 1.5 segments per patient (range 1 to 13 segments). The
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mean wall motion score index was not different between the two groups. The mean
EDWT in the infarct region was comparable between patients with Q and non-Q
wave infarction. Considering the proposed cutoff value of 6 mm for assessment of
viability in the infarct region 2, 22 (56%) patients with a Q wave infarction had
residual viable tissue in the infarct region, as compared to 22 (73%) of the patients
with a non-Q wave infarction (p-value not significant). Of note, only 6 (9%) patients
with an EDWT <6 mm in the infarct zone had contractile reserve, as compared to 38
(86%) patients with an EDWT =6 mm (p<0.01). Contractile reserve was present in
63% of all patients (60% of patients with a Q wave versus 70% with a non-Q wave
infarction, Figure 1).

Of all 1173 segments, 404 (34%) demonstrated hyperenhancement; 145 with
score 1, 128 score 2, 85 score 3 and 46 score 4. Accordingly, 131 segments exhibited
transmural scar tissue (score 3 or 4), and the mean transmurality per patient (number
of segments with score 3 or 4) was significantly larger in the patients with a Q wave
infarction (Table 2). Of interest, 13 (43%) patients with a non-Q wave infarction had
one or more segments with transmural scar tissue, whereas 13 (33%) patients with a Q

wave did not have any segment with transmural scar tissue. Accordingly, based on the

Figure 1. Relation between contractile reserve (CR) and LV end-diastolic wall thickness
(EDWT).

CR- 14%

CR- 76%

EDWT =6 mm EDWT <6 mm
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transmurality derived from delayed contrast-enhanced MRI, 67% of the patients with
a Q wave infarction were classified as having transmural infarction as compared to
43% of the patients with a non-Q wave infarction (p-value not significant). The
number of affected segments per patient (spatial extent) was 5.9 * 3.2 (range 1 to 13),
and was significantly larger in the patients with a Q wave infarction (Table 2). The

total scar score (combining spatial extent and transmurality) was 0.84 + 0.42 in

Table 2. MRI findings according to the presence or absence of QQ wave infarction.

Variable Q wave Non-Q wave p-value
Left ventricular ejection fraction (%o) 38+ 12 43+ 12 NS
Left ventricular end-systolic volume (ml) 151 £ 56 130 £ 56 NS
Left ventricular end-diastolic volume (ml) 240 £ 52 220 £ 53 NS
Wall motion score index 0.67 = 41 0.62 £ 0.48 NS
End-diastolic wall thickness (mm) 6.9+27 7.6+ 2.6 NS
Contractile reserve present 60% 70% NS
Spatial extent (number of segments with any
hyperenhancement) 6.7 %31 48=+3.1 <0.05
Transmurality (number of segments with
hyperenhancement score 3 or 4) 23+18 1.3+£22 <0.05
Total scar score (summation of individual
segmental hyperenhancement scores) 0.84£042  0.55%0.48 <0.05
Quantified percentage scar tissue (%o) 23+8 117 <0.05
NS: not significant.
Table 3. Univariate predictors of Q wave infarction.
Odds ratio 95% Confidence interval  p-value
Spatial extent 1.225 1.033-1.452 0.02
Transmurality 1.316 1.002-1.728 0.04
Total scar score 4.714 1.395-15.931 0.02
End-diastolic wall thickness 0.900 0.747-1.083 0.3
Contractile reserve 0.643 0.229-1.806 0.4
Quantified percentage scar tissue  1.319 1.146-1.518 0.0001
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Figure

2. (A) Receiver operating characteristic curve analysis demonstrates 90% sensitivity and

specificity to predict the presence or absence of QQ waves on the ECG at a cutoff level of 17%

for quantified infarcted tissue of the left ventricle. (B). Area under the curve is 0.92.
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patients with a Q wave infarction as compared to 0.55 * 0.48 in the patients with a
non-Q wave infarction (p<<0.05). The exactly quantified percentage of infarcted tissue
(as percentage of the LV) ranged from 1% to 40% (mean 18 £ 7%). The percentage
of infarcted tissue was significantly larger in the patients with a Q wave infarction (24
+ 8% versus 11 £ 7%, p<0.05).

Accordingly, the univariate predictors of the presence of a (Q wave included the
spatial extent of scar tissue, the transmurality, the total scar score, and the quantified
percentage scar tissue of the LV (Table 3). In multivariate analysis, only the quantified
percentage of infarcted myocardium remained significant for prediction of
the presence of a Q wave on the ECG. When the quantified percentage infarcted
tissue was excluded, the spatial extent was the best predictor.

To define the optimal cutoff value for the quantified percentage of infarcted
tissue, receiver operating characteristic curve analysis was performed. The analysis
indicated that a cutoff value of 17% infarcted tissue of the LV yielded a sensitivity and
specificity of 90% to predict the presence or absence of a Q wave on the ECG (area
under the curve 0.92, Figure 2).

Discussion
The results of the current study indicate that the presence or absence of a Q wave on
the ECG is only correlated with the total extent of infarcted tissue, as can be
quantified precisely by delayed contrast-enhanced MRI. Other MRI parameters (e.g.
LVEF, EDWT in the infarct region, the presence or absence of viability, assessed by
dobutamine MRI) did not contribute significantly.

Different recent studies with modern imaging technology have demonstrated that
a substantial percentage of the patients with a Q wave infarction had residual viable
tissue in the infarct zone, instead of a transmural scar. Schinkel et al 13 used metabolic
imaging with SPECT and demonstrated that 61% of the patients with a Q wave
infarct had residual glucose utilization in the infarct zone. Similar findings were
reported when positron emission tomography or dobutamine stress echo were used 14,
Indeed in the current study, 60% of the infarct regions with a Q wave on the ECG
had contractile reserve as assessed by dobutamine MRI. Based on these observations
it was concluded that the precise pathophysiological substrate underlying the QQ wave
on the ECG remained uncertain '>. More recently, delayed contrast-enhanced MRI has

been introduced to precisely delineate infarct size. Fieno and coworkers ¢ have
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demonstrated in an animal model, that an excellent relation existed between the spatial
and transmural extent of scar tissue and the ex-vivo histopathological findings. The
same group showed a good correlation between enzymatically determined infarct size
and the infarct size on MRI in 24 patients after acute myocardial infarction 7.

Subsequently, Wu et al '® compared delayed contrast-enhanced MRI with ECG
findings in 29 consecutive patients and highlighted the discrepancy between the MRI
results and the presence or absence of Q waves on the ECG. In particular, 10 of 18
(55%) patients with a Q wave infarction did not have transmural scar formation on
MRI and conversely 1 of 11 patients (9%) of the non-Q wave infarcts had transmural
scar tissue on MRI. The current study confirms these observations in a large group of
patients. In particular, 33% of the patients with a Q wave infarction did not have
transmural scar tissue on MRI and 43% of the patients with a non-Q wave infarction
had transmural scar formation on MRI. These findings are also in close agreement
with the post-mortem findings presented by Raunio et al . As outlined above,
clinical, postmortem and imaging studies have all demonstrated that Q wave
infarctions are not synonymous with transmural infarction and non-Q wave
infarctions are not 100% representative of non-transmural infarctions.

The only variables that differed between patients with and without Q waves,
were those reflecting the extent of scar tissue: the spatial extent of scar formation, the
transmurality of scar tissue, total scar score and the quantified percentage of scar
tissue on delayed contrast-enhanced MRI. Multivariate analysis demonstrated that the
latter variable was the single best predictor of the absence or presence of QQ waves on
the ECG. When a cutoff value of 17% of infarcted tissue was used, a sensitivity and
specificity of 90% were obtained to predict the absence or presence of Q waves on
the ECG. However, this parameter involves transmurality as well as the spatial extent
of the infarction. Interestingly, when the quantified percentage of infarcted tissue was
excluded from the multivariate analysis, the spatial extent appeared the most
important predictor of a Q wave. This observation suggests that the spatial extent,
rather than the transmurality of infarct tissue, is the variable that determines the
presence or absence of Q waves on the ECG. Preliminary data by Moon et al 20 also
suggested that the regional extent rather than the transmurality of infarction
determined the presence of Q waves.

Some limitations of the current study need to be addressed. First, the cutoff
value of 17% to predict presence or absence of Q waves on the ECG was derived

from receiver operating characteristic curve analysis. This value needs to be validated
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prospectively in another patient population. Second, only patients with an infarction
of more than 3 months old were included. It remains to be determined whether the
findings also apply to patients with an acute myocardial infarction (<3 months). Third,
the surface ECG underestimates lateral infarctions; also, the distribution of infarct
locations (Table 1) was different between Q and non-Q wave patients. How these
issues influence the results is not clear and should be evaluated in larger groups.
Finally, only patients with one previous infarction were included, to have a
homogenous study population. The observations in the current study may not be valid

for patients with multiple infarctions.
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