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Abstract
In this study we investigate the effect that ECG
electrode placement can have on the detection of ST
segment changes. BSPMs from 45 subjects undergoing
PTCA were analysed (15 left anterior descending, 15 left
circumflex and 15 right coronary artery). 12-lead ECG
were extracted from BSPMs corresponding with correct
precordial electrode positioning and corresponding with
simultaneous vertical movement of all of the precordial
leads in 5mm increments up to +/-50mm away from the
correct position. A computer algorithm was developed
based on current guidelines for the detection of STEMI
and Non-STEMI. This algorithm was applied to all of the
extracted 12-lead ECGs.
Median sensitivity and
specificity, based upon all baseline versus all peak
balloon inflation cases, were calculated for results
generated at each electrode position. With the precordial
leads positioned correctly the sensitivity and specificity
were 51.1% and 91.1% respectively. When all precordial
leads were placed 50mm superior to their correct
position the sensitivity increased to 57.8% whilst
specificity remained unchanged. At 50mm inferior to the
correct position the sensitivity and specificity were 46.7%
and 88.9% respectively. The results show a variation of
more than 10% in sensitivity when the electrodes are
moved up to 100mm vertically.

1.

Introduction

The 12-lead electrocardiogram (ECG) remains the
most important tool for screening patients with suspected
acute coronary syndromes. In particular, it plays a vital
role in the early diagnosis of patients with suspected acute
myocardial infarction (MI). In this context much effort
has been devoted to developing and refining
recommendations and guidelines on diagnostic criteria for
application to the 12-lead ECG [1-3]. These guidelines
serve as a reference for human interpreters in clinical
practice and can form the basis for decision rules during
the development of computerised diagnostic algorithms.
The development of criteria to allow the detection of
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acute coronary syndromes is challenging and the
sensitivity of the 12-lead ECG is poor [4]. A particular
issue is that the 12-lead ECG may not always provide
sufficient spatial sampling to detect all ECG information
that is projected onto the body surface [5]. Methods that
use larger numbers of electrodes, however, have not seen
significant uptake in routine clinical practice and are
unlikely to supersede the 12-lead ECG in the near further.
A further issue with the 12-lead ECG is its often
significant intra and inter individual variability. The
sources of variability in the electrocardiogram have been
widely studied [6]. These have been broadly grouped
under technical issues relating to how the ECG is
acquired and biological issues relating more to changes in
the subject between recordings.
A technical issue that is well documented is the issue
of electrode placement [7]. It has been shown that
variations in electrode placement can result in significant
variability in the recorded ECG waveforms. This is of
particular relevance in the acquisition of the 12-lead
ECG, which relies on very accurate electrode placement
[8].
Guidelines typically suggest the application of
electrodes with reference to anatomical landmarks and for
the chest electrodes these landmarks are largely based on
identification of intercostal spaces. Previous clinical
studies have shown that this can be problematic for a
number of reasons [9]. The failure to position electrodes
correctly can be due to the unfamiliarity of the operator
with the guidelines or can be due to the fact that the
correct anatomical landmarks are difficult to identify in
some subjects.
In this study we investigate the performance of
diagnostic criteria on 12-lead ECGs where the precordial
electrodes are moved from their recommended positions.
The aim of the study is to illustrate how the accuracy of
detecting coronary artery occlusion can be affected when
electrode positions are altered.

2.

Methods
Studies on the effects of electrode placement are often
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based on the analysis of body surface potential maps
(BSPMs). BSPMs are suitable as they provide ECGs
simultaneously recorded from large numbers of recording
sites on the thorax. This in turn eliminates the effect of
variability that may be introduced through recording of
serial 12-lead ECGs at different sites on the body.

2.1.

Data

Analysis was based on a set of body surface potential
maps recorded from 45 subjects undergoing PTCA. The
data have been previously described in [10] and are
summarized as follows. All subjects were elective PTCA
candidates with single vessel coronary artery disease who
had 120 lead BSPMs recorded during their procedure.
The electrode array, illustrated in Figure 1, was used to
record BSPMs with respect to the Wilson central terminal
at a frequency of 500Hz. Subsequent to recording the
ECG data were processed to produce a set BSPMs
representing one averaged complex for each subject at
baseline and a set of BSPMs representing one average
complex for each subject during peak balloon inflation.
This resulted in a total of 90 BSPMs (45 BSPMs at
baseline and 45 BSPMs at peak balloon inflation). For
the purpose of our study we treat the 45 baseline ECGs as
characteristic of subjects absent of any vessel occlusion.
We treat the 45 peak balloon ECGs as characteristic of
subjects with a complete occlusion of a single vessel.
The peak balloon group had an equal representation of
subjects with occlusion of the left anterior descending
artery (LAD, n=15), left circumflex artery (LCX, n=15)
and right coronary artery (RCA, n=15). The population is
further summarized in Table 1.

2.2.

interpolation was then used to generate signals at leads
placed at the 5mm steps inferior and superior to the six
precordial leads.

Electrode misplacement simulation

In this study we focused on misplacement of the six
precordial leads of the 12-lead ECG. Specifically, we
simulated the effects of moving all six precordial leads
simultaneously, in small increments of 5mm, up to 50mm
both superior and inferior of their standard locations.
Whilst it is impossible to simulate the infinite number
electrode misplacement scenarios that could occur in real
life we felt that this approach would be reflective of
situations where there is a failure to identify the correct
intercostal space. This clearly would result in electrode
misplacement on the vertical axis.
Electrode misplacement was simulated by up sampling
the number of electrodes in the anatomical vicinity of
interest. A combination of interpolation methods were
used to achieve this. In the first instance data from the
120 lead BSPMs were expanded to 352 leads using the 3dimensional interpolation method described by
Oostendorp et al [11]. These 352 leads correspond with
the 352 nodes in the Dalhousie torso [10]. Linear

Figure 1. 120 lead BSPM electrode array with location
of 6 precordial leads highlighted.
Table 1. Study population
Male
Mean age (std dev)
Occlusion site
LAD
LCX
RCA
Female
Mean age (std dev)
Occlusion site
LAD
LCX
RCA

n =28
57.3 (9.7)
n=7
n=10
n=11
n = 17
59.0 (8.7)
n=8
n=4
n=5

Once the data at all the interpolated leads were
generated a total of n=21 12-lead ECGs were extracted
for each case. These represented 12-lead ECGs recorded
from each position as the precordial leads were moved
away from their actual locations in 5mm increments up to
and including 50mm superior to the actual locations and
50mm inferior to the actual locations. Also included was
the 12-lead ECG as would have been recorded with the
precordial leads in the correct locations. To facilitate
application of diagnostic criteria the J-point potentials
were extracted for each 12-lead ECG for each case. Jpoint location was taken as that identified in the original
BSPM data.

2.3.

Algorithm

A computer algorithm was developed based on the most
recent guidelines and recommendations for the
identification of ST segment elevation changes resulting
from coronary occlusion [3]. These guidelines state that,
for the identification of STEMI in 12-lead ECGs, subjects
will exhibit ST-segment elevation in at least two
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contiguous leads. ST-segment elevation is defined as a Jpoint potential in excess of 100µV. This is in any lead
with the exception of V2 and V3 where a threshold of
200µV should be observed in men of 40 years and older.
The threshold for leads V2 and V3 should be increased to
250µV in men younger than 40 years, and, should be
reduced to 150µV in women.
Our algorithm also considered the identification of ST
segment depression changes. ST-segment depression was
defined as a J-point potential less than a predefined
threshold in at least two contiguous leads. As in [3] we
required the depression of the ST-segment to be
horizontal or down sloping. However, we elected not to
use the 50µV threshold for all leads as proposed in [3].
Instead, we relied on the thresholds proposed in [12]. In
this guideline a threshold for depression of 50 µV is
proposed for leads V2 and V3 whereas a threshold of
100µV is proposed for all other leads. Our experience
has shown that these thresholds are more specific with
little cost to sensitivity. Our algorithm did not include Twave analysis.
The algorithm was developed to identify 12-lead ECGs
meeting the above criteria as being synonymous with a
coronary artery occlusion. Twelve lead ECGs that did not
meet these criteria were deemed not to be associated with
coronary artery occlusion. The above algorithm was
applied to all 12-lead ECGs that had been generated from
the BSPM data. The output of the algorithm for each
case was compared to the known status of that case (e.g.
baseline or peak balloon ECG).

3.

more granularity on the effects of the electrode placement
on the LAD group we also made a comparison between
the LAD peak balloon occlusions and all subjects at
baseline. This is illustrated in Figure 2b. As one would
expect the implications for the LAD group only are more
significant. Here a much more considerable increase in
sensitivity gain can be seen as electrodes are moved from
-50mm (26.7% sensitivity) to +50mm (60.0% sensitivity).

(a)

Results

Sensitivity and specificity, based upon all baseline versus
all peak balloon inflation cases, were calculated for
results generated at each electrode position. Figure 2a
illustrates that, with the electrodes correctly positioned,
our algorithm has a sensitivity of 51.1% and specificity of
91.1%. These figures are in line with previous published
values for the diagnostic accuracy of the 12-lead ECG
and serve to highlight the high specificity but low
sensitivity of this modality. Whilst there is some
variability in Figure 2a, attributed to the small numbers of
subjects studied, there is a definite trend as the
positioning of the precordial electrodes changes.
Specifically, as the precordial leads are moved superiorly
there is an increase in sensitivity whilst specificity is less
affected.
Figure 2a provides an indication of the impact of
electrode placement across a small population of subjects
where the location of the culprit lesion is equally
distributed between LAD, LCX and RCA. However, it is
appreciated that the detection of LAD occlusion is likely
to be more affected by precordial electrode placement
than occlusion of the LCX and RAD. In order to provide

(b)

Figure 2. Variation in specificity and sensitivity when
precordial
leads
are
moved
+/50mm
(superiorly/inferiorly). a) All data included (15 LAD, 15
LCX, 15 RCA) b) LAD occlusions vs. all baseline.

4.

Discussion

The results show that precordial lead electrode
placement may have an impact on the sensitivity of the
12-lead ECG. This is particularly the case in the
detection of subjects with an occluded LAD. LCX and
RCA occlusions are less affected as their detection relies
more on limb lead potentials.
In order to further understand the issue relating to
subjects with an LAD occlusion we present data from one
subject in particular. This subject’s data is presented in
Figure 3 as a BSPM of J-point potentials during peak
balloon inflation. It can be seen that, for this subject, the
area of ST-segment elevation is localised with a maxima
above where leads V2-V4 are located. For this particular
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subject inferior placement of the precordial leads would
not detect this area of elevation and may also conceal
reciprocal ST-depression.
Whilst this data only
represents the body surface potential distribution for just
one subject we did find a similar pattern for a number of
the LAD cases in our data.

Figure 3. J-point BSPM of subject during peak
balloon inflation causing complete occlusion of the LAD.
It should be noted that the 12-lead ECG from the subject
whose BSPM is illustrated in Figure 3 did show some
sign of ST segment depression on a number of limb leads.
Whilst this ST-segment depression did not meet the
thresholds specified in our algorithm it might draw the
attention of a human observer. Obviously these limb lead
ST segment changes remain constant regardless of
precordial lead placement.

5.

Conclusion

Our analysis has shown that precordial electrode
placement may impact upon accuracy of the detection of
coronary artery occlusion. This is particular the case
when the LAD artery is occluded as the associated body
surfaced potential changes may be localised outside the
area recorded by the precordial electrodes. Whilst our
current study serves to illustrate this it is limited by the
small number of subjects studied and the lack of more
complex multiple artery lesions.
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