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Abstract

The Selvester QRS score translates subtle changes in ventricular depolarization measured by the
electrocardiogram (ECG) into information about myocardial scar location and size. This
estimation of scar has been shown to have a high degree of correlation with autopsy-measured
myocardial infarct (MI) size. Additionally, multiple studies have demonstrated the value of the
QRS score in post-MI patients to provide prognostic information. Recent studies have
demonstrated that increasing QRS score is predictive of increased implantable defibrillator (ICD)
shocks for ventricular tachycardia and fibrillation as well as decreased response to cardiac
resynchronization therapy (CRT). While QRS scoring has never achieved widespread clinical use,
increased interest in patient selection and risk-stratification techniques for ICDs and CRT has led
to renewed interest in QRS scoring and its potential to identify which patients will benefit from
device therapy. The QRS score criteria were updated in 2009 to expand their utility to a broader
population by accounting for the different ventricular depolarization sequences in patients with
bundle branch/fascicular blocks or ventricular hypertrophy. However, these changes also
introduced additional complexity and nuance to the scoring procedure. This paper provides
detailed instructions and examples on how to apply the QRS score criteria in the presence of
confounding conduction types to facilitate understanding and enable development and application
of automated QRS-scoring.

Introduction

In an era of multimodal cardiac imaging, understanding the information contained in the 12-
lead electrocardiogram (ECG) is important yet frequently overlooked. The Selvester QRS
score, which was described in preliminary form 1972, translates subtle changes in cardiac
electrical activity into information about myocardial scar location and size.2:3 While QRS
scoring was rigorously validated in comparison to autopsy-measured myocardial infarct
(MI) size in the 1980s*~" and shown to have prognostic value,3:8-14 this ECG method did
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not achieve widespread clinical use. However, the need to improve patient selection for
implantable defibrillators (ICDs) and cardiac resynchronization therapy (CRT) has led to a
renewed interest in QRS scoring because characterizing myocardial scar may better predict
which patients will benefit from ICDs and CRT.15:16

The older versions of QRS scoring could only be used in the absence of ECG confounders
(i.e. bundle branch/fascicular blocks and ventricular hypertrophy), which makes QRS
scoring impractical for ICD/CRT patient selection because greater than 50% of potential
ICD patients and nearly all CRT patients have ECG confounders.21%17 In 2009, new QRS-
score criteria for use in the presence of ECG confounders were published and shown to be
able to identify and quantify myocardial scar in comparison to contrast-enhanced magnetic
resonance imaging in patients with ischemic and non-ischemic cardiomyopathy,28 including
patients with Chagas’ heart disease.3 Subsequent studies have shown that these QRS-score
criteria for use in the presence of ECG confounders can enhance prediction of which
patients will experience appropriate ICD shocks and respond to CRT.1516 The purpose of
this report is to provide more detailed instructions beyond the 2009 publication for
classifying the type of ECG confounder and applying the QRS-score criteria in order to
better facilitate manual and automated application.

Review of Modifications to QRS Scoring

The QRS score has been updated and amended multiple times since its original description
in 1972.1 The most recent changes came in 2009 with a publication describing how to apply
the QRS score in the setting of hypertrophy and conduction defects.8 Prior to this study,
fascicular blocks, bundle branch blocks and hypertrophy were considered confounding
factors that prevented infarction evaluation via QRS score. The updated criteria in 2009
account for the different activation sequences and conduction properties associated with
these defects and are able to distinguish the additional electrical changes associated with
infarction. This was made possible by using adjusted criteria for each of the following
abnormalities: left and right ventricular hypertrophy (LVH, RVH), left anterior fascicular
block (LAFB), left bundle branch block (LBBB), right bundle branch block (RBBB), RBBB
+ LAFB, and no confounders. The scoring criteria sets differ slightly among all of these
abnormalities with LBBB having the most dissimilar criteria, but they still follow the same
principle of a score with each point representing 3% infarct of the left ventricular (LV)
myocardium.

For example, in LBBB the QRS scoring criteria for the limb leads (I, 1l, aVL and aVF) are
similar to those in all other ECGs; however, the precordial lead scoring criteria are
dramatically different. In normal conduction, anteroseptal scar causes the rest of the LV to
activate largely unopposed producing net posteriorly directed electrical activity and creating
a Q wave in leads V1-V3. Conversely in LBBB in the absence of scar, the LV is activated
via electrical depolarization from the right ventricle (RV) through the septum and finally out
to the posterolateral LV wall creating a small or absent initial R wave and deep Q or S wave
in V1 and V2 (Figure 1A). Anteroseptal scar in the presence of LBBB causes depolarization
from the RV to the LV through the septum to be impeded and the initial electrical forces are
directed anteriorly due to the unopposed activation of the RV free wall resulting in large R
waves in V1 and V2 (Figure 1B).8 Thus, anteroseptal scar results in Q wave formation in
normal conduction, but causes large R wave formation in LBBB. Posterolateral scar disrupts
the late forces of the QRS complex as depolarization spreads from the septum out to the
posterolateral wall causing notching of the terminal portion of the S wave in V1 and V2 and,
if the scar extends toward the apex, of the R wave in V5 and V6 (Figure 2C). Inferior scar
behaves similarly in LBBB as other conduction types causing a Q wave in aVF due to
unopposed superior activation early in ventricular activation (Figure 2D).
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In RBBB, the RV activates via depolarization from the LV through the septum with the RV
free wall activating last producing broad R or R” waves in V1 and V2.18 This conduction
pattern confounds the diagnosis of posterolateral infarcts which can also produce large R
waves due to unopposed anterior forces. To account for this, in QRS scoring the R wave
criteria in V1 and V2 for posterolateral scar are increased in the setting of RBBB and only
the initial part of the R wave that peaks within the first 50 ms is considered (see Appendix
1). Furthermore, there are additional possible anterior points in the setting of RBBB to
increase the sensitivity to large infarcts which are the most common cause of RBBB.8

Performing QRS Scoring

Classification of Conduction/ Hypertrophy Type

Figures 2 and 3 show flow diagrams that graphically represent the process of determining
the QRS conduction/hypertrophy type “bin” in which to evaluate the ECG: LBBB, LAFB,
LVH,RBBB+LAFB or no confounders. Lead V1 QRS morphology is considered to
determine if there is a left versus right conduction/hypertrophy abnormality. If there is a
terminal negative deflection in lead V1 (rS or Q morphology), then analysis proceeds
according to the diagram in Figure 2 and if there is a terminal positive deflection in lead V1
(R or R’) then analysis proceeds according to the diagram in Figure 3.

As reported previously,28 the definitions for classifying LBBB and LAFB for QRS score
purposes differ slightly from other reported definitions in the literature.® The definitions
used with QRS scoring correlate with the observations made from computer simulations of
the different conduction types from which the QRS score criteria were derived.18.20 The
critical difference with LBBB (recently described in detail2?) is that the QRS scoring
definition for LBBB requires the presence of mid-QRS notching and a minimum duration of
140 ms for men and 130 ms for women. To satisfy LAFB classification for QRS-scoring, we
have used a minimum QRS duration of 100 ms because a block in the left anterior fascicle
causes a prolongation of the QRS complex by 20 ms.22 However, because women have
shorter baseline QRS duration then men,23 we propose a minimum QRS duration of 90 ms
in women and 100 ms in men for defining LAFB. With regard to the lack of an upper
boundary for QRS duration, LAFB may coexist with other QRS prolonging conduction
defects such as LVH, a dilated ventricle or diffuse interstitial fibrosis leading to delayed
intra-mural conduction. Patients meeting LAFB criteria with QRS duration greater than 120
ms undoubtedly have multiple pathologies (e.g. LAFB+LVH); however, these patients are
most accurately evaluated by the LAFB QRS-score criteria. For the purposes of QRS
scoring, we recommend using these definitions which were used during the development of
QRS scoring,20 the validation in comparison to cardiac MRI23 and to predict outcomes from
CRT and ICD therapy.1516

For scoring purposes it does not matter if L\VVH accompanies one of the abnormal conduction
types. The principal difference between QRS scores of LVH and no confounders is that in
LVH, Q waves in V1 through V3 only receive QRS-score points if > 4 QRS-score points are
also present in leads I, aVL, V4, V5 or V6. This is because in LVH, Q waves may be present
in leads V1, V2 and V3 in the absence of infarction; however evidence of infarction in other
leads makes it more likely that the formation of Q waves was caused by an infarction. In
addition, smooth Q waves can be normal in V1 — V3 in the presence of LVH, but notches in
the initial 40ms (Ntchinit40) are considered a sign of infarction. An ECG is considered to
demonstrate LVVH if either the Sokolow-Lyon or the Cornell criteria are satisfied (Figures 2
& 3).

After determining conduction type, all ECGs should be evaluated for the presence of right
atrial overload (RAO) by analysing the P waves in both leads V1 and aVF as shown in
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Figure 4. RAO commonly occurs in parallel with right ventricular hypertrophy (RVH).18.20
Large R waves in V1 and V2 are considered evidence of unopposed anterior electrical forces
and are assigned points indicating infarction in the posterolateral wall of the LV or, in the
case of LBBB, in the anteroseptal the wall; however, these R waves may also be due to
increased anterior electrical force from RVH. If a patient has RAO, then large R waves in
V1 and V2 are likely to be due to RVH rather than infarction.?

Leads V1 and V2 have different criteria for measuring anteroseptal and posterolateral scar.
The QRS scoring sheet (Figure 5) lists the anteroseptal criteria as V1 anterior and V2
anterior in LBBB and simply as V1 and V2 in all other conduction types. Posterolateral
criteria are listed as V1 posterior and V2 posterior in all conduction types. All ECGs should
be analysed for the presence of both anteroseptal and posterolateral scar by evaluating both
sets of criteria for leads V1 and V2. In the presence of RAO, we have excluded the V1 and
V2 posterolateral QRS score criteria (anteroseptal criteria in LBBB) to prevent allocating
false positive points due to RVH; however, they can be included in situations where
sensitivity to detect scar is more valuable than specificity.

Application of QRS Scoring

False-positive points in QRS scoring were common in younger males who have increased
voltage and older females who have lower voltages.8 Before scoring, all absolute amplitude
criteria (not ratios) are corrected to the age of 55 in the scoresheet (Figure 5) by increasing
them 1%/year for those aged 54 years and below and decreasing them 1%/year for those
aged 56 years and above. For females, both duration and absolute amplitude (not ratio)
criteria are further decreased by 10%.

After ECGs have been placed in conduction/ hypertrophy bins and amplitude and duration
are corrected, the QRS score for that conduction/ hypertrophy type is selected and applied.
Careful measurements of both amplitudes and durations are made with up to an 8x
magnifier, when necessary.

When scoring, two concepts must be considered: “weighting” and “selecting” (Figure 6).
“Weighting” refers to the number of points awarded for the criteria satisfied which is
provided to the right of the criteria. If the point value is not listed directly to the right of the
criterion, its point value is the same as the criterion directly above it. “Selecting” is the
process of choosing a single criterion from a group. When criteria with multiple weights are
included within a box they are ordered by decreasing weights. Therefore, proceeding from
the top down within a box (delineated by a dotted line), only the first satisfied criterion
should be selected. Only one criterion can be selected for each box but there may be
multiple boxes in each lead. The total point score for each ECG is the sum of the points
accumulated from the criteria satisfied for each lead.

Glossary and definitions

Examples

The glossary section in Appendices 1 and 2 contain definitions and illustrations of terms and
criteria that are encountered when performing QRS scoring. The glossary is divided into two
sections; the first is for no confounders, LVH, LAFB, RBBB and RBBB+LAFB conduction/
hypertrophy types (Appendix 1) and the second is only for LBBB conduction type
(Appendix 2). This is due to LBBB having different criteria definitions compared to the
other conduction/ hypertrophy types.

An example ECG with a completed score sheet is depicted in Figure 7. Additionally, the
online supplement contains 26 example ECGs with both a blank test set and an annotated
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key with completed score sheets. This supplement is included to provide an opportunity to
apply the QRS scoring criteria in the various conduction abnormalities on pre-scored
examples.

Limitations of QRS Scoring

As with all diagnostic modalities, the QRS score has limitations. Using P wave amplitude
evidence of RAO to diagnose RVH is not a widely used method; however, it does not rely
on features of the QRS complex which may be affected by infarction. Previous studies have
found that P-wave analysis for diagnosing RVH has a sensitivity of 30-40% and a
specificity of 80-91%.24.25 Because the presence of RAQ is used to exclude evaluation of
posterolateral infarction, specificity is more important than sensitivity. One consequence of
this method is that patients with both RAO and posterolateral infarction (or anteroseptal
infarction in LBBB) may have underestimated QRS scores. Another challenge arises when
individual ECGs straddle the definitions of conduction/hypertrophy types. While the QRS-
score criteria were tested when adhering to the previously outlined conduction/hypertrophy
type definitions, further research may improve the classification of borderline ECGs,
especially with regard to defining the presence vs. absence of LBBB.2

It is possible that beat-to-beat variation may lead to different numbers of points to be
assigned to a lead depending on which beat is evaluated. The best way to limit bias and error
in this setting is to score the most representative QRS complex (i.e. isoelectric baseline, no
interceding premature beat etc.), or the computer-generated median beat, if available. Some
of the criteria call for recognition of notches and/or slurs in the QRS complex. The presence
and/or morphology of slurs and notches can be greatly affected by low ECG sampling rates
or poor quality tracings. Sampling rates of at least 500 Hz are ideal for QRS scoring but not
always available. Many of the previously cited studies utilized routinely acquired paper 12-
lead ECGs suggesting that QRS scores derived from lower sample rate ECGs still provide
clinically useful information. These studies demonstrated good intraobserver and
interobserver agreement and manually applied QRS score criteria also demonstrated a strong
ability to identify scar in reference to contrast-enhanced MRI (receiver operating
characteristic area under the curve 0.91 [95% CI 0.86,0.95]) and good correlation with MRI
scar size (r = 0.74, p < 0.0001).215 Limitations of beat-to-beat variability, poor-quality paper
ECGs and the increasing complexity of the QRS score criteria can be improved by
implementation of automated QRS-scoring algorithms.

Conclusions

The Selvester QRS score is a useful clinical tool that provides perspective on the
relationship between cardiac electrical function and structural changes (namely scar
presence and size). The clinical utility of understanding this relationship continues to be
explored. By providing this detailed guide, we hope to empower others to continue to study
QRS scoring, enable programming of automated QRS scoring and help determine how this
understanding can best inform clinical decisions.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. LBBB activation patterns

All panels demonstrate the ventricular activation pattern in LBBB and ECG wave forms as
seen from the frontal plane (top), horizontal plane (middle) and sagittal plane (bottom) in
LBBB without infarction (A), LBBB with anteroseptal infarction (B), LBBB with
posterolateral infarction (C) and LBBB with inferior infarction (D). Colored lines represent
areas of myocardium activated within the same 10-millisecond period (isochrones).
Numbers represent milliseconds since beginning of activation. Key ECG changes include
the development of large R waves in V1-V2 with anteroseptal infarction (B), increased R/R’
amplitude ratios in VV5-V6 with apical infarction (B), increased S/S’ amplitude ratios in V1-
V2 with posterolateral infarction (C) and Q waves and decreased R/Q or R/S in aVF
amplitude ratios with inferior infarction (D).
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No
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A\ 4

Sokolow-Lyon OR Cornell Criteria
(Sin V1) +

Rin V5 or V6 >2.60mV
Cornell criteria
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RinaVL + S in V3 >2.00mV (Q)

Sokolow-Lyon
(Rin V5 or V6) = 3.50mV
OR

No

A 4

No Confounders |

Figure 2. Flow chart for determining left conduction/hypertrophy type abnormality
This chart describes the sequence in which ECGs are evaluated for conduction type when

the terminal deflection in V1 is negative (rS or Q wave).
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Figure 3. Flow chart for determining left conduction/hypertrophy type abnormality
This chart describes the sequence in which ECGs are evaluated for conduction type when
the terminal deflection in V1 is positive (R or R” wave).
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Figure 4. Flow chart for determining RAO
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anterior “R criteria points”.

After conduction type is determined by following Figure 2 or Figure 3, all ECGs are
evaluated for presence of right atrial overload (RAQO) which suggests accompanying right

ventricular hypertrophy (RVH).
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QRS Scoring
Patient ID QRS duration Amplitude adjust
(t11%l/yr age 20-54; | 1%/yr >55 yrs; | 10% for females)
Age & gender QRS axis Duration adjust RAO(**, ***)Yes/No
(1 10% for females)
RBBB LAFB LAFB + RBBB LVH No Confounders LBBB
Lead | Criteria Pts| Criteria _Pts| Criteria _Pts| Criteria _Pts| Criteria _Pts Lead _ Critera Pts
1 [_Q230ms Q230ms 1| Q>230ms__ __Q230ms 1] [
Q=1 1 1 <
R<02mV R<02mV R<02mV R<02mV R<02mV
[0 Q240ms 2 | Q=240ms 2 | Q240ms 2 | Q=240ms 2 [ Q=40ms 2 RIQs15 1
Q230ms 1| Q230ms 1| Q=30ms 1] Q=30ms 1| Q=30ms 1 RIS<15
avL 1]._Qz40ms 1.]._Qz40ms 1 1 1 [0 Q240ms 2
.Qz3ms 1
aVF RIQ05 1
RIS<05
aVL | Qz50ms 2
_Qz40ms___ 1.
RIS<05 2
V1 RIQ<05
Ant. (oranyQif*) 1 anyQ 1 RIS<1 1
Init R <20 ms Ntchinit40 RIQ=1
L2 N e e . aVF | Q=50ms 2
Post*{ntR=60ms 2 ntR=60ms 2 | R250ms 2 | R250ms 2 _Qz40ms 1
InitR > 15 mV InitR = 15 mV R21mV R21mV RIQ<05
nitR=50ms 1 nitR=50ms 1| R240ms 1| Rzd0ms 1 RIS<05
IitR=10mV. _| mitR=10mv. R207mV R207mV V1 |_Nchinitd0___1
Q<028S502mV_1 Q<0288502mV_ 1 [Q<028S502mV__ 1 Ant2**| R203mV 2
V2 | Q=50ms 2 Q=50ms 2 R230ms
Ant. anyQ 1 anyQR 1 anyQ 1 anyQR 1 anyQ 1 R202mV 1
RsOms RsOms R<Oms (oranyQif*) R<Dms R>20ms
R<0.1mV R<0AmV R<0imV Ntchinit40 R<0AmV Vi | s/§220 3
vz | _ Post [ s/5215 2
Post.*] InitR=70ms nitR=70ms 2 | R260ms 2 | R260ms 2 SI8'2125 1
IitR>25mV R22mV InitR225mV R22mV R22mV V2 1
nitR=50ms 1 | R=250ms 1| mtR=50ms 1| R=250ms 1| R250ms 1 Ant. s+
Init R=20mV. R215mV. InitR=20mV. R215mV R215mV.
Q<0.385503mV__1 Q<0.385<03mV__ 1 |Q<03&5503mV__ 1
V3 | Q=30ms 2 | Q=30ms 2 | Q=30ms 2 | OR&(Q=30ms) 2 | Q=30ms 2
R<0Oms R<0ms R<0ms Ntchinit40 1 R<Oms V2
Q220ms 1| Q220ms 1| Q=20ms 1 anyQR Q220ms 1 Post
R<20ms R<20ms R<20ms (oranyQif*) R<20ms
va | Q _.Qz20ms_____ 1.9 1. s V5
RIQ<05 2 [ RIQ<05 2 RIQ<05 2 RIQ<05 RIQ<05 2
RIS<05 RIS<05 RISS05 RIS<05 RIS<05
RIQs1 1 R/IQs1 1 RIQ=1 1 RIQs1 1 RIQs1 1
RISs1 RIS<1 RIS<1 RIS<1 RIS<1
R<05mV R<05mV R<05mV R<05mV R<05mV V6
Ntchinit40 Ntchinit40 Ntchinit40 Ntchinit40 Ntchinit40
V5 | _Q230ms 1| Q=30ms 1] _Q=30ms 1]_Q=30ms 1] _Q=30ms 1 B
RIQ=<1 2 RIQ=<1 2 RIQ=1 2 RIQ=<1 2 RIQ=1 2 RIS<2
RIS<1 RIS<1 RIS<1 RIS<1 RIS<1 R<06mV__ 1
R/IQ=2 1 RIQ=2 1 R/Q= 1 RIQ= 1 Total Points
RIS<2 RIS<15 RISs2 RISs2
R<06mV R<06mV R<06mV R<06mV %LV infarct
Ntchinit40 Ntchinit40 Ntchinit40 Ntchinit40 (3*#pts)
Ve | Qz30ms __1 ..Qz30ms_ 1]..Qz3%0ms 1f..Qz3oms ____ 1
RIQ<1 2 R/Q<1 2 RIQ=<1 2 RIQ<1 2
RIS<1 RIS<1 RIS<1 RIS<1
RIQs3 1 RIQ<3 1 RIQs3 1 RIQ<3 1
RIS<3 RISs2 RIS<3 RISS3
R<06mV R=06mV R<06mV R<06mV
Ntchinit40 Ntchinit40 Ntchinit40 Ntchinit40 Ntchinit40
Total| Points Points Points Points Points

%LV infarct
(3x#pts)

%LV infarct
(3x#pts)

%LV infarct
(3x#pts)

%LV infarct
(3x#pts)

*(for LVH)if 24 other points in leads |, aVL, V4, V6 or V6 then count QS in V+V3
**(RAO)if P positive amp in V120.1mV or aVF P 20.175mV, then exclude V+V2 Post criteria

Figure 5. QRS Scoring Sheet
Sample QRS scoring sheet with all conduction types and criteria listed. After demographic
information is entered in the top portion, conduction type is selected and analysis proceeds
down the appropriate column.

%LV infarct
(3x#pts)
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Lead|Criteria

Pts

Max Pts

1Box{[ V4 |[Q=20ms
R/Q<0.5
R/S<0.5
R/Q<1
R/S<1
R<0.5mV
Nchint40

1 Box

x 1
A
o
X

) é——-

/" Criteria Satisfied

X Criteria NOT Satisfied

Figure 6. “Selecting” and “weighting” example
Criteria for an example lead are shown. Boxes are delineated by dotted lines, check marks
and X’s indicate which criteria are satisfied, and circles indicate criteria that are selected and
contribute to the overall score for the lead. The Q > 20 ms criterion is met yielding 1 point
for the top box in this lead. Proceeding from the top down to the next box, the next criterion
that is met is R/S < 0.5 yielding 2 points (no point value is listed directly to the right of this
criterion; therefore, its point value is equal to that of the criterion directly above it). Even
though two additional criteria are met (R/S < 1 and R < 0.5 mV), only the single criterion
within each box that is closest to the top of the box is selected.

Criteria Selected(1 point)

Criteria Selected(2 points)

Criteria NOT Selected
Criteria NOT Selected

Total Points: 1+2 = 3 points
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Figure 7. QRS score example
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Vs
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Lead Criteria Pts
v |mEzoms 1
R/Q =1 1
RES0ZmYW
n Qz240ms 2
Q230ms 1
avi [ @zsoms 1
RiQ=1 1
aVvF Qz50ms 2
Q240 ms 2
..0230ms 1
RiQ =1 2
R/QS2 1
V1
Ant any Q@ 1
¥ L. BEe
Fost* R250ms 2
RE1mYV
R240ms 1
PR (E 1) Lope——
QE02&50 2mV 1
v2
Ant. 4 any Q 13
RsTms
R=01mV
v2 R/S215 1
Post* R260ms 2
Rz2mV
Rz50ms 1
WLk A
Q20 3&S0.3my 1
v: 4 0230ms 2
R21Tms
Qz20ms 1
R=20ms
v Qz220ms 1
4 R/s05 2
RISE05
RiQ=A 1
RIS <1
RE05mV
Nichinit40
Vs Qz230ms 1
R/QS1 2
RIS =1
RS2 1
RIG22
€ _R=065mY -
Nichinitdd
veE Qz30ms 1
CURGEYTTTTEY
R#SS1
RIQ=3 1
RiSS3
4 _Rs065mv -
Ntchinit40
Total Points 7
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The ECG and completed QRS score sheet are shown for a 45 year old male with a QRS

score of 7.
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