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Abstract

In the present study we evaluated three angles,
obtained from the main slopes of the QRS com-
plex, and used them to assess ischemic-induced
changes in patients undergoing percutaneous coro-
nary intervention (PCI). These QRS angles, de-
noted by 6

R, 6
U and 6

D, were evaluated in 12-lead
electrocardiogram (ECG) recordings of 79 patients
obtained before and during coronary occlusion. At
baseline (before occlusion) the QRS angles showed
very little variations, while after start of occlusion
both 6

U and 6
D developed a fast and abrupt change.

Relative ischemic changes of 6
U and 6

D during PCI
reached up to 98 and 126 times their normal vari-
ations observed at baseline, respectively, being V2
and V3 the most sensitive leads. We conclude that
evaluation of QRS angles from the standard 12-lead
ECG represents a sensitive marker for detection of
acute myocardial ischemia.

Keywords QRS angles, ischemia, PCI, QRS slopes

1 Introduction

The standard 12-lead electrocardiogram (ECG) is the
most widely used non-invasive tool in the evaluation of
acute myocardial ischemia , both in the pre-hospital set-
ting and in the emergency room. By convention, changes
occurring during the repolarization phase (ST-T segment)
are conventionally used for detection. In addition to that,
changes also develop in the depolarization phase (QRS
complex) of the ECG during acute ischemia, which could
add information beyond the ST-T analysis. Nevertheless,
all these changes have historically been more difficult to
characterize and have not come into clinical practice.

A more reliable method for characterizing changes in
the QRS complex due to both amplitude and duration
changes has been proposed by measuring the two main
slopes of the QRS complex, i.e. the upward and down-
ward slopes of the R wave [1]. Subsequently, that method
has been improved by incorporating a normalization pro-
cess to attenuate the normal variations of the slopes at
baseline, thereby increasing their sensitivity to ischemia-
induced changes [2].

In this study we propose the evaluation of three QRS
angles, which are obtained as the angles of the triangle
formed by the lines of the QRS complex shown in Fig. 1.

The main objective of the present study is to assess the
dynamic evolution of these indices during coronary oc-
clusion and characterize the spatial distribution of their
changes in relation to the occlusion site.

2 Methods

2.1 Data

The study population comprised 79 patients taken from
the STAFF III dataset [3]. All these patients were admit-
ted to the Charleston Area Medical Center in West Vir-
ginia, USA, for prolonged, elective percutaneous coro-
nary intervention (PCI) due to stable angina pectoris. Pa-
tients undergoing an emergency procedure or who pre-
sented signal loss during acquisition were not considered.

All ECG signals were recorded using equipment pro-
vided by Siemens-Elema AB, Solna, Sweden. Nine stan-
dard leads (V1-V6, I, II and III) were recorded and digi-
tized at a sampling rate of 1 kHz with an amplitude reso-
lution of 0.6µV. Subsequently, the three augmented leads
aVL, -aVR and aVF were generated from the limb leads
to yield the complete standard 12-lead ECG.

Prior to the PCI procedure, a control recording was
acquired continuously during 5 min at resting state and
in supine position for each patient. Another continuous
ECG was acquired during the PCI, starting before bal-
loon inflation and ending after balloon deflation. The du-
ration of the occlusion procedure ranged from 1’30” to
7’17” (mean: 4’26”). The occluded arteries during the
PCI procedures were: left anterior descending coronary
artery (LAD) in 25 patients, right coronary artery (RCA)
in 38 patients, and left circumflex artery (LCX) in 16 pa-
tients.

2.2 ECG preprocessing

All signals involved in the study were preprocessed as
follows: (1) QRS detection, (2) normal beats selection
according to [4], (3) baseline drift attenuation via cu-
bic spline interpolation, (4) delineation using a wavelet-
based technique [5], and (5) ECG normalization [2].

2.3 QRS angles

The QRS angles measured in this study are illustrated
in Fig. 1:

• the R wave angle6 R: the angle opposite to the R line
lR.



• the up (U) angle6 U: the angle opposite to the down
line lD.

• the down (D) angle6 D: the angle opposite to the up
line lU.

Figure 1: Example of the QRS angles for a particular beat
of a recording analyzed in this study.

These three angles are calculated from the URD trian-
gle, which is built by the intersection of the three lines
lU, lD andlR shown in Fig. 1. The angles6 U, 6

R and 6
D

inside the URD triangle are calculated using the method-
ology described in the following:

1. lU andlD are the lines obtained by least square fitting
the ECG signalx(n) in 8-ms windows centered at
points of maximal inflectionnU andnD, respectively:

lU(n) = α1 · n+ α0, n = nU−4, ..., nU+4 (1)

lD(n) = β1 · n+ β0, n = nD−4, ..., nD+4 (2)

wheren represents the time in samples andα0, α1,
β0 andβ1 are the coefficients obtained from the fit-
ting.

2. lR is the line obtained by joining the points
[nU, x(nU)] and [nD, x(nD)] . The slopeθ of lR is
given by:

θ =
x(nD)− x(nU)

nD − nU

(3)

3. The angles6 U, 6
R and 6

D are subsequently calcu-
lated. Assuming6 R is an acute angle (0◦ < 6

R <
90◦), it can be calculated as:

6
R = arctan
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Depending on the sign of the slopeθ, we first calcu-
late 6

U or 6
D. If θ > 0,

6
U = arctan
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6
D = 180◦ − ( 6 U + 6

R). (5)

If θ < 0,

6
D = arctan
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)

,

6
U = 180◦ − ( 6 D + 6

R). (6)

The two possible orders are set to guarantee that the
angles are well-evaluated, as equations (4), (5) and (6),
are only valid for the smallest of the two angles generated
by the interception of two lines.

2.4 Change quantification during PCI

Absolute∆ϕ and relativeRϕ changes during the PCI
procedure were tracked for each angleϕ = {6 R, 6 U, 6 D}.
∆ϕ(t) was calculated every 10 s from the start of occlu-
sion (t = 0) until the end, by subtracting from the cur-
rent valueϕ(t) the initial referenceϕref , which is given
by the averaged value of the indexϕ during the first 5 s
of the occlusion.Rϕ(t) was calculated as the ratio be-
tween the absolute change observed during PCI,∆ϕ(t),
and the normal fluctuations ofϕ observed during the con-
trol recording prior to the PCI, defined by the standard
deviation (SD)σϕ of ϕ [3]:

Rϕ(t) = ∆ϕ(t)/σϕ (7)

2.5 Other QRS indices

To assess the sensitivity of the QRS angles to the
ischemia-induced changes in comparison to other depo-
larization indices, the following indices were computed:
R-wave amplitude (Ra), upward slope of the QRS com-
plex (IUS) and downward slope of the QRS complex
(IDS) [2].

3 Results and Discussion

3.1 QRS indices

Figure 2 (a) shows an example of the QRS angles6
U,

6
R and 6

D evaluated for a particular patient in lead V4.
Figure 2 (b) and (c) display the QRS slopes and R-wave
amplitude, used here for comparison. As can be observed
from Fig. 2, the QRS angles are very stable at base-
line and then show a fast and abrupt change after the
start of the occlusion, specially6 U and 6

D, which are al-
most complementary.6 R presents smoother variations.
From Fig. 2 it is possible to appreciate that the abso-
lute variation of6 R is approximately around 1◦, whereas
it is around 170◦ for 6

U and 6
D. The QRS slopes and

R wave amplitude, evaluated for the same recording and
lead, show a notable change during occlusion as well, but
their evolution is slower as compared to the angles6

U

and 6
D.

In control (before the start of coronary occlusion), the
mean values of6 R computed in each lead and averaged



Figure 2: (a) Time course of QRS angles and illustra-
tive beats taken at specific time instants representative of
pre-occlusion and occlusion periods. (b) QRS slopes and
(c) R-wave amplitude evolution. All represented indices
were evaluated for a particular patient in lead V4. Dashed
lines mark the occlusion period during recording.

over patients,̄6 R(l), were 1.2± 0.8◦ for lead V4 and 6.6
± 5.9◦ for lead I, which represent the lowest and highest
values of all the leads. Normal fluctuations given by the
SD of the index in control, and averaged over patients,
σ̄ 6 R

(l), ranged between 0.02◦ and 0.71◦, depending on
the lead. In the case of6 U and 6

D, mean values and nor-
mal variations in control were higher. Mean values of6

U

angle varied between 54◦ (lead V6) and 174◦ (lead V3),
with normal variations in control of 0.75◦ and 5.83◦, re-
spectively. For6 D angle, mean values in control ranged
between 4◦ and 122◦, for leads V3 and V6, and their vari-
ations in control were of 0.73◦ and 5.80◦, respectively.
Both angles6 U and 6

D were found to be almost com-
plementary, so that when one increases the other one de-
creases, as reflected in Fig 2-(a). Quantification of QRS
changes following PCI-induced ischemia are presented in
the following section.

3.2 Temporal evolution of ischemia-
induced changes

The evolution of changes observed for the QRS angles
6

U and 6
D are shown in Fig. 3. In this figure, abso-

lute ∆ϕ(t) and relativeRϕ(t) changes, averaged over
patients of the whole study population and of the LAD
subgroup, are displayed along 4 min of occlusion in the
most sensitive leads V2 and V3. The other two sub-
groups, RCA and LCX, presented lower changes, well
below those observed for the whole study population in
the same leads. Maximum relative changes of6

U, de-
termined from the whole study group, achieved up to 98
and 84 times their normal variations observed in control
in leads V2 and V3, respectively. In the case of6

D, the
maximum relative changes were of 126 and 97 for the
same leads. In the LAD subgroup, the maximum relative
changes of6 U were of 571 (lead V2) and 736 (lead V3)
and for 6 D they were of 817 (lead V2) and 736 (lead V3),
being significantly higher than for the total population.
Regarding absolute changes∆ϕ(t) for these two indices,
it can be observed from Fig. 3 that the angles vary, in
mean, around 80-100◦ in the LAD subgroup, whereas for
the whole study population, the variation caused by the
induced ischemia was around 15-20◦.
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Figure 3: Averaged absolute∆ϕ(t) (top panels) and rel-
ativeRϕ(t) (bottom panels) changes (ϕ = 6

U, 6
D) aver-

aged over patients during occlusion for LAD subgroup
(solid lines) and the whole study population (dashed
lines) in leads V2 and V3.

The results observed for the6 R angle were consider-
ably less notable than for6 U and 6

D , which can be ex-
plained by the lower changes observed in the amplitude
and width of the R wave. The relative change of this in-
dex achieved up to 15 times their normal variations in
lead V3 and 19 in lead -aVR, when averaged over the
whole population. Maximum relative changes were of 66
and 62 for the same leads in the LAD subgroup. Never-
theless, the increase in the averaged absolute changes of
6

R in most of the leads suggest a widening of the QRS
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Figure 4: Changes distribution across leads forR 6 U
andR 6 R

measured at the end of the occlusion. LAD: left anterior
descending coronary artery; LCX: left circumflex artery; RCA: right coronary artery.

complex due to the induced ischemia. This index6
R

could be a robust and potential tool to estimate a surro-
gate measure related to the QRS complex duration.

In comparison to other depolarization indices, the re-
sults obtained for the QRS angles, specially for6

U and
6

D, far exceed those obtained for other QRS-derived in-
dices like QRS slopes,IUS andIDS, and R-wave amplitude
Ra. Maximum relative changes reached up to 9.3 in lead
V3 for IDS and 6.01 forIUS in lead V2 as was previously
reported in [2]. In the case ofRa index, the maximum rel-
ative change was achieved in lead II, being of 7.7 times
their normal variations in control.

3.3 Spatial distribution of ischemia-
induced changes

To further explore the clinical value of the QRS angles
proposed here, ischemia-induced changes were analyzed
across leads by clustering patients according to their oc-
cluded artery. Relative changes for both6

U and6
R angles

were computed at the end of the occlusion and averaged
over patients. Results for6 D are not presented, as associ-
ated spatial distribution nearly coincide with those of6

U.
Fig. 4 shows mean± standard error of the mean (SEM)
for 6

U and6
R in each lead for each of the three subgroups.

Lead V1 is not represented, as in several patients the QRS
angles could not be measured in that lead due to the QRS
morphology (usually QS complex). According to the re-
sults shown in Fig. 4 the LAD subgroup could be sep-
arated from the LCX and RCA subgroups by evaluating
6

U and 6
R changes in leads V2-V5. The three subgroups

could be separated by evaluating6
U in leads V3-V4 and

6
R in lead V5. These results suggest that identification of

the occluded artery could be performed based on evalua-
tion of QRS angles.

4 Conclusions

In this study QRS angles have been proposed for eval-
uation of ischemia-induced changes. Relative changes of
the three QRS angles (6

U, 6 R and 6
D) are suggested as an

adjunct tool to conventional ST-T analysis for improving
acute ischemia diagnosis. QRS angles could additionally
help in the identification of the occluded artery. The non-
linear nature of the QRS angles with respect to other QRS
indices (slopes and amplitude) results in a higher sensi-
tivity to ischemia-induced alterations, and abrupt relative

changes of QRS angles could be use as a trigger for is-
chemia alarm.
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