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Abstract: Based on the clinical trials so far, there is a major controversy regarding the benefit of CRT in patients with
QRS<150 milliseconds. Some studies have shown that a fair number of patients with QRS <150 milliseconds benefit from
CRT and it is needless to say that careful attention should be paid to CRT non-responders considering the risk of compli-
cations and cost-benefit ratio. Lack of uniformity in QRS measurement in all these trials could have a major influence on
variable study outcomes. This is of concern because when the QRS is close to 120 milliseconds in patients with NYHA
class III/IV symptoms or QRS close to 150 milliseconds in NYHA class I/II patients, the decision to recommend CRT
implantation or undertake further risk stratification investigations is critically dependent on the EKG interpretation. In this
paper we intent to raise the important question for need of standardized electrocardiographic criteria (QRS measurement
and LBBB) in patients enrolled in CRT trials considering the variability in study results, high rates of CRT non response
in the eligible population and the associated health care cost burden.
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INTRODUCTION

The American College of Cardiology (ACC), American
Heart Association (AHA), Heart Rhythm Society (HRS),
European Society of Cardiology (ESC), and Heart Failure
Society of America (HFSA) recommended cardiac resyn-
chronization therapy (CRT) as a class I indication in patients
with New York Heart Association (NYHA) class III-IV con-
gestive heart failure (CHF) with an EF <35% and QRS dura-
tion of >120 milliseconds, these guidelines were based on
the results of two major prospective randomized clinical tri-
als [1,2]. CRT has been shown to improve mortality, heart
failure hospitalizations, exercise performance, peak oxygen
consumption and overall quality of life in patients with New
York Heart Association (NYHA) class III-IV CHF [1,2].
Recently, the HFSA [3] and ESC [4] guidelines for manage-
ment of CHF were revised in response to the Multicenter
Automatic Defibrillator Implantation Trial With Cardiac
Resynchronization (MADIT-CRT) [5] and the extended fol-
low-up of the Resynchronization Reverses Remodeling in
Systolic Left Ventricular Dysfunction (REVERSE) [6] sub
study. These new guidelines introduced a new recommenda-
tion for CRT in NYHA class I and/or II systolic CHF, but
this time with a new QRS cutoff of >150 milliseconds for
this population. A recent meta-analysis by Sipahi et al. in-
cluding five randomized trials (COMPANION, CARE HF,
MADIT CRT, REVERSE and RAFT) reported that CRT did
not reduce events (death, hospitalization) in patients with
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QRS <150 milliseconds (RR, 0.95 [95% CI, 0.82-1.10]) (p =
0.49) [7]; raising several important questions regarding CRT
eligibility in the general population as well as in clinical tri-
als. The problem of non-response to CRT is becoming in-
creasingly important as approximately 40% of CRT devices
are now implanted in patients with a QRS duration of <150
milliseconds [8] and with the revision of new HFSA and
ESC guidelines extending the recommendation of CRT in
NYHA class I and II heart failure patients; increasing the
number of CRT eligible patients in the following years.
There is a general consensus that most patients with
QRS>150 milliseconds benefit from CRT. However there is
major controversy regarding the benefit of CRT in patients
with QRS<150 milliseconds. Studies have shown that a fair
number of patients with QRS <150 milliseconds benefit from
CRT and it is needless to say that careful attention should be
paid to CRT non-responders considering the risk of compli-
cations and cost-benefit ratio. In this review we intent to
raise the important question for need of standardized electro-
cardiographic criteria (QRS measurement and LBBB) in
patients enrolled in CRT trials considering the variability in
study results, high rates of CRT non response in the eligible
population and the associated health care cost burden.

CRT NON-RESPONSE

What is “CRT non-response”? CRT non-response can be
broadly defined as inability to significantly impact patient’s
symptoms, improve quality of life and possibly affect out-
comes in CRT eligible patients. The rate of non-response to
CRT is often quoted to be about 30%. Quantifying CRT non-
response can be complex and depends on the outcome meas-
ure chosen such as symptom improvement, quality of life,
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heart failure hospitalizations, left ventricular remodeling and
mortality. Assessment of CRT non-response can be difficult
as the desired benefit from CRT cannot be generalized and
depends on the individual patient’s overall condition, under-
lying etiology of heart disease, functional capacity, genetic
ability and patient expectation.

LACK OF STANDARDIZATION

The major randomized clinical trials'” that led to the
widespread adoption of CRT used a QRS duration of 120
milliseconds but did not select patients on the basis of QRS
morphology. In comparison PATH-CHF 1I [9], COMPAN-
ION [1], CARE-HF [2] the Cardiac Resynchronization
Therapy in Patients with Heart Failure and Narrow QRS
(RethinQ) [10], MADIT-CRT [5], REVERSE [6] and the
most recent Resynchronization — Defibrillation for Ambu-
latory Heart Failure Trial (RAFT) [11] study all consis-
tently showed that CRT was progressively less effective in
reducing frequency of hospitalization, and death rate as
QRS duration decreased. However, the specific methods
for QRS measurement were not described in these publica-
tions, and international guidelines do not specify a pre-
ferred/standard measurement technique [3,4]. Lack of uni-
formity in QRS measurement in all these trials could have a
major influence on variable study outcomes. This is of con-
cern because when the QRS is close to 120 milliseconds in
patients with NYHA class III/IV symptoms or QRS close
to 150 milliseconds in NYHA class I/II patients, the deci-
sion to recommend CRT implantation or undertake further
risk stratification investigations is critically dependent on
the EKG interpretation. Thus, inaccurate QRS classifica-
tion may increase costs by exposing patients to otherwise
unnecessary invasive procedures or deny some patients the
beneficial effects of CRT.

MEASURING QRS DURATION

QRS duration is measured from the beginning of the Q
wave to the end of the S wave. A normal range is from 40
to 100 milliseconds (1 small box to 2.5 small boxes). Mod-
ern EKG equipment permits the EKG recordings to be ob-
tained in a digital format and stored in a computer readable
form. In some centers, especially the small and unspecial-
ized units, short-term EKGs are still recorded and kept on
paper. Short-term EKGs have been collected as paper re-
cordings also in many multi center and other extensive
studies. Hence, a significant number of resting 12-lead
EKGs exist in paper format which may contain a signifi-
cant amount of information that may be useful for research-
ing and outcome analysis in clinical studies. Most fre-
quently, manual measurements are performed directly on
the paper recorded tracings. These paper recordings impose
serious restrictions on the possibility of a detailed analysis
of EKG patterns, especially QRS duration and forms. This
concerns particularly those measurements involving very
small sections of the EKG, the correct identification of
which can be seriously affected by tiny absolute errors.
Several studies have been conducted showing the difficul-
ties in measuring QRS duration and QT dispersion [12].
Data obtained with manual calipers are known to be biased
by preferential numbers and the overall precision of manual
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calipers is not impressive. With calipers, it is particularly
difficult to obtain a precise value of an interval when the
baseline of the tracing is distorted. High precision digitiz-
ing boards with resolutions between 10 and 100 microme-
ters have been accepted as the gold standard technology for
manual measurements of paper EKG. While it seems obvi-
ous that localizing the same point repeatedly with a preci-
sion of + 10 micrometers is beyond human reach, no data
presently exist on the manual precision of operating a digit-
izing board, including the manual measurement of EKGs.
Malik et al., 1997 [13] investigated the precision achieved
by human measurement on a digitizing board and con-
cluded that human precision of operating a digitizing board
is rather poor. In consequence digital EKG tracings and on-
screen calipers have replaced paper EKG printouts and dig-
itizing board as the primary tools for EKG acquisition and
interval measurement in clinical trials. The only written
recommendations for EKG interval measurement widely
accepted before the digital era were published in 1997 by
the European Committee for Proprietary Medicinal Prod-
ucts and were based on annotating 3 consecutive sinus
complex, preferably from lead II [14]. The introduction of
on-screen methodologies based on digital EKGs has com-
pletely changed the measuring environment. For example,
the potential advantages of implementing digital algorithms
are now being considered. Consequently, pharmaceutical
sponsors commonly use semi automated methods for cen-
tralized EKG interval measurement, where a trained human
analyst decides whether the EKG interval annotations by
the automated algorithm should be adjusted based on visual
inspection of annotated waveforms on a computer screen.
This approach potentially combines consistency of the
automated interval measurement with the added precision
of manual adjustment, although no data have been pub-
lished thus far on the performance of semi automated
method.

An equally important aspect which has not received
importance is to where to measure QRS duration. Due to
the absence of new guidelines there is lack of uniformity in
EKG interval measurement in majority of studies being
carried out. A study by Hamlein ef al. [15] investigated the
number of cardiac cycles that must be measured from a dog
to accurately characterize the relationship between RR and
QT intervals. In this study, EKGs’ were obtained from 12
conscious dogs with sinus rhythm. In each dog, RR and QT
intervals were measured for 12 cardiac cycles. Measure-
ments for each were then averaged over all 12 cycles, and
those results compared to the average of both the initial 6
and 3 cycles, as well as to the middle cycle alone, for 12, 6,
and 4 of the dogs. The study reported that there was no
significant difference in the results of measurements of RR,
QT, or QTc obtained from 12, 6, 3, or 1 cycle, whether
from 12, 6, or 4 dogs. Intraobserver variability of EKG
measurements was tested by having a single observer
measure 10 copies of 12 different EKGs. The greatest coef-
ficient of variation for the measurement of any EKG pa-
rameter was less than 2.5%. The study concluded that
measurements of RR and QT intervals made by a trained
observer from 1 cardiac cycle accurately reflect those that
are averaged from 3, 6, or 12 cycles whether the number of
dogs per group is 12, 6, or 4. Manual QRS duration as-



22 Current Cardiology Reviews, 2013, Vol. 9, No. 1

sessments demonstrate significant variability, and concor-
dance with computer-calculated measurement depends on
whether QRS duration is defined as the mean or maximal
value. Tomlinson ef al., 2009 [16] investigated the effect of
EKG display format and paper speed on the accuracy of
manual QRS duration assessment and concordance of man-
ual QRS duration with computer-calculated mean and
maximal QRS duration. Six cardiologists undertook QRS
duration measurements on EKGs, with computer-calculated
mean QRS duration close to 120 milliseconds. Display
formats were 12-lead, 6-limb, and 6-precordial leads, each
at 25 and 50 mm/s. When the computer-calculated mean
was used to define QRS duration, manual assessment dem-
onstrated 97 and 83% concordance at categorizing QRS
duration as and >120 ms respectively. Using the computer-
calculated maximal QRS duration, manual assessment
demonstrated 83% concordance when QRS duration was,
120 ms and 19% concordance when QRS duration was
>120 ms. The six-precordial lead format demonstrated sig-
nificantly less intra and inter-observer variability than the
12-lead, but this did not improve concordance rates. The
study concluded that manual QRS duration assessments
demonstrate significant variability, and concordance with
computer-calculated measurement depends on whether
QRS duration is defined as the mean or maximal value.
Consensus is required both on the most appropriate defini-
tion of QRS duration and its measurement. Finally, the lack
of a clear guideline on methods for QRS measurement may
create intra- and inter-individual inconsistencies in device
prescription.

CRT AND LBBB

Sweeny et al. demonstrated that an EKG pattern for
complete left bundle branch block (LBBB) is a strong pre-
dictor of response to CRT [17]. This observation was consis-
tent with the recent COMPANION [1], MADIT-CRT [5] and
RAFT [11] study. In the COMPANION trial, patients with-
out LBBB did not have a statistically significant benefit, and
those with QRS durations <147 milliseconds had absolutely
no benefit'. MADIT-CRT [5] trial enrolled patients with
NYHA class I and IT CHF and QRS durations >130 millisec-
onds. The presence or effect of LBBB versus right bundle
branch block (RBBB) was not reported in the original publi-
cation; however, patients with QRS durations <150 millisec-
onds received no benefit. Subsequent analysis showed that
patients with LBBB receiving CRT had a very significant
55% decrease (hazard ratio [HR] 0.45, p <0.05) in CHF hos-
pitalizations or mortality, while patients without LBBB had a
non-statistically significant increase in these adverse events
[18]. Additional analysis also considered thresholds of QRS
duration separately for men and women. The benefit from
CRT was highly significant in women beginning at a QRS
duration >130 milliseconds (QRS duration 130 to 139 ms
HR 0.19, p <0.05), but there was no benefit in men with
QRS durations <140 ms (HR 1.12, p >0.05) and a non-
significant benefit in the group with QRS durations from 140
to 159 ms (HR 0.76, p >0.05). This was supported by an-
other study in 14,946 Medicare patients with NYHA Class
II/IV receiving CRT showed that those without LBBB had
significantly increased mortality compared to patients with
LBBB, and QRS duration 150 milliseconds predicted more
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favorable outcomes in LBBB but not in RBBB [19].In com-
parison clinical data from the MADIT-CRT [5] and RAFT
trial [11], which indicate that in CRT patients with RBBB,
there was a marginal reduction in the number of hospitaliza-
tions but an higher risk of death, or major arrhythmic events
compared to the control group. Interestingly, CRT patients
with diffuse intraventricular conduction disturbances showed
an increased risk for hospitalization, and a near 2-fold higher
risk of death compared to ICD patients.

Therefore, while initially QRS duration was the selec-
tion criterion (and still is in the guidelines), it seems that a
LBBB configuration should be the most important crite-
rion. A recent study by Seo et al. [20] reported that com-
plete LBBB was identified as an independent predictor of
CRT responders and more strongly associated with the
endpoint (hazard ratio, 0.38, 95% confidence interval 0.20-
0.72, P = 0.003) than any of the echocardiographic parame-
ters. Another metanalysis by Sipahi ef al. [21] including
four randomized trials totaling 5,356 patients with LBBB at
baseline demonstrated that there was a highly significant
reduction in composite adverse clinical events with CRT
(RR = 0.64 [95% CI (0.52-0.77)], P = .00001). The study
also reported that there was no benefit for patients with
non-LBBB conduction abnormalities (RR = 0.97 [95% CI
(0.82-1.15)], P = .75) and that there was a significant dif-
ference in effect of CRT between LBBB versus non-LBBB
(P = .0001). Though there is emerging data to say that
complete LBBB may be used as criteria for CRT place-
ment, there are some fundamental problems regarding crite-
ria for defining complete LBBB. Similarly another recent
study by Perrin et al. demonstrated that in patients with
guideline-defined LBBB, the absence of EKG markers of
residual left bundle conduction was predictive of a greater
response with CRT [22]. According to the ACC/AHA/HRS
recommendations regarding criteria for LBBB include QRS
duration >120 ms, QS or rS in lead V1, monophasic R
wave with no Q waves in leads V6 and I, broad notched or
slurred R wave in leads I, aVL, V5 and V6 and an occa-
sional RS pattern in V5 and V6 [23]. There are three clini-
cal studies suggesting that a third patients diagnosed with
complete LBBB by EKG crtieria may not tryly have one.
[24,25,26]. Strauss et al. [27] recently proposed a new cri-
teria for complete LBBB which included QRS duration
>140 ms (men) or 130 ms (women), QS or rS in leads V1
and V2, and mid-QRS notching or slurring in >2 of leads
V1, V2,V5,V6,1, and aVL.

CONCLUSION

We propose that a consensus view needs to be estab-
lished on how best to measure QRS duration (manual vs.
computerized); if computerized standardization on the
company manufacturing the EKG machine is not in clinical
practice but in trials; whether to use the mean or maximal
QRS duration also reconsider the diagnostic criteria for
LBBB to better standardize decision-making in CRT
implantation.

CONFLICT OF INTEREST

The authors confirm that this article content has no con-
flicts of interest.



Standardization of QRS Duration Measurement and LBBB

ACKNOWLEDGEMENTS

Declared none.

REFERENCES

(1]

(2]

[10]

[11]

Bristow MR, Saxon LA, Boehmer J, ef al.; Comparison of Medical
Therapy, Pacing, and Defibrillation in Heart Failure (COMPAN-
ION) Investigators. N Engl J Med 2004; 350:2140-50.

Cleland JG, Daubert JC, Erdmann E, et al. Longer-term effects of
cardiac resynchronization therapy on mortality in heart failure [the
Cardiac REsynchronization-Heart Failure (CARE-HF) trial exten-
sion phase]cardiac resynchronization on mortality in the CARE-HF
extension study. Eur Heart J 2006; 27:1928-32.

Heart Failure Society of America, Lindenfeld J, Albert NM, Boeh-
mer JP, et al. Heart Failure Society of America. HFSA 2010 com-
prehensive heart failure practice guideline. J Card Fail 2010; 16:el-
el94.

Dickstein K, Vardas PE, Auricchio A, et al.; 2010 Focused Update
of ESC Guidelines on device therapy in heart failure: an update of
the 2008 ESC Guidelines for the diagnosis and treatment of acute
and chronic heart failure and the 2007 ESC guidelines for cardiac
and resynchronization therapy: developed with the special contri-
bution of the Heart Failure Association and the European Heart
Rhythm Association. Eur Heart J 2010; 31:2677-87.

Moss AJ, Hall WJ, Cannom DS, et al.; MADIT-CRT Trial Investi-
gators.; MADIT-CRT Trial Investigators. Cardiac-
resynchronization therapy for the prevention of heart-failure events.
N Engl J Med 2009; 361:1329-38.

Daubert C, Gold MR, Abraham WT, et al.; REVERSE Study
Group. Prevention of disease progression by cardiac resynchroniza-
tion therapy in patients with asymptomatic or mildly symptomatic
left ventricular dysfunction: insights from the European cohort of
the REVERSE (Resynchronization Reverses Remodeling in Sys-
tolic Left Ventricular Dysfunction) trial. J Am Coll Cardiol 2009;
54:1837-46.

Sipahi I, Carrigan TP, Rowland DY, Stambler BS, Fang JC. Impact
of QRS Duration on Clinical Event Reduction With Cardiac Re-
synchronization Therapy. Arch Intern Med 2011 Jun 20. [Epub
ahead of print].

Mullens W, Grimm RA, Verga T, et al. Insights from a cardiac
resynchronization optimization clinic as part of a heart failure dis-
ease management program. ] Am Coll Cardiol 2009; 53: 765-73.
Kass DA, Chen CH, Curry C et al. Improved left ventricular me-
chanics from acute VDD pacing in patients with dilated cardiomy-
opathy and ventricular conduction delay. Circulation 1999; 99:
1567-73.

Beshai JF, Grimm RA, Nagueh SF, et al.; RethinQ Study Investiga-
tors. Cardiac resynchronization therapy in heart failure with narrow
QRS complexes. N Engl J Med 2007; 357: 2461 — 71

Tang AS, Wells GA, Talajic M, et al; Resynchronization-
Defibrillation for Ambulatory Heart Failure Trial Investigators.
Cardiac-resynchronization therapy for mild-to-moderate heart fail-
ure. N Engl J Med 2010; 363: 2385-95.

Kautzner J, Yi G, Camm AJ, Malik M. Short- and long term repro-
ducibility of QT, QTc, and QT dispersion measurement in healthy
subjects. PACE 1994; 17:928-37.

Malik M, Bradford A. Human precision of operating a digitizing
board: implications for electrocardiogram measurements. Pacing
Clin Electrophysiol. 1998 Aug; 21(8): 1656-62.

[14]

[15]

[17]

[18]

[19]

[22]

(23]

Current Cardiology Reviews, 2013, Vol. 9, No. 1 23

Points to consider: the assessment of the potential for QT interval
prolongation by non-cardiovascular medicinal products. London7
Committee for Proprietary Medicinal Products (CPMP); 1997.
Hamlin RL, Kijtawornrat A, Keene BW. How many cardiac cycles
must be measured to permit accurate RR, QT, and QTc estimates in
conscious dogs? J Pharmacol Toxicol Methods. 2004; 50(2):103-
08.

Tomlinson DR, Bashir Y, Betts TR, Rajappan K. Accuracy of
manual QRS duration assessment: its importance in patient selec-
tion for cardiac resynchronization and implantable cardioverter de-
fibrillator therapy. Europace. 2009; 11(5): 638-42.

Sweeney MO, van Bommel RJ, Schalij MJ, Borleffs CJW, Hell-
kamp AS, Bax JJ. Analysis of ventricular activation using surface
electrocardiography to predict left ventricular reverse remodeling
during cardiac resynchronization therapy. Circulation 2010; 121:
626 — 34.

Zareba W, H. Klein H, Cygankiewicz I, et al. CRT-D effectiveness
by QRS duration and morphology in the MADIT-CRT patients.
Heart Rhythm 2010; 7:S24-S25.

Bilchick KC, Kamath S, DiMarco JP, Stukenborg GJ, Bundle-
branch block morphology and other predictors of outcome after
cardiac resynchronization therapy in medicare patients, Circulation;
2010; 122: 2022-30.

Seo Y, Ito H, Nakatani S, et al. J-CRT investigators. The role of
echocardiography in predicting responders to cardiac resynchroni-
zation therapy. Circ J 2011; 75:1156-63.

Sipahi I, Chou JC, Hyden M, Rowland DY, Simon DI, Fang JC.
Effect of QRS morphology on clinical event reduction with cardiac
resynchronization therapy: meta-analysis of randomized controlled
trials. Am Heart J. 2012; 163(2): 260-7.e3.

Perrin MJ, Green MS, Redpath CJ, et al. Greater response to car-
diac resynchronization therapy in patients with true complete left
bundle branch block: a PREDICT substudy. Europace. 2012; 14(5):
690-5.

Surawicz B, Childers R, Deal BJ, et al.; American Heart Associa-
tion Electrocardiography and Arrhythmias Committee, Council on
Clinical Cardiology; American College of Cardiology Foundation;
Heart Rhythm Society. AHA/ACCF/HRS recommendations for the
standardization and interpretation of the electrocardiogram: part I11:
intraventricular conduction disturbances: a scientific statement
from the American Heart Association Electrocardiography and Ar-
rhythmias Committee, Council on Clinical Cardiology; the Ameri-
can College of Cardiology Foundation; and the Heart Rhythm So-
ciety. Endorsed by the International Society for Computerized
Electrocardiology. J] Am Coll Cardiol 2009; 53:976-81.

Dodge HP, Grant RP. Mechanisms of QRS complex prolongation
in man; left ventricular conduction disturbances. Am J Med 1956;
21:534-50.

Vassallo JA, Cassidy DM, Marchlinski FE, et al. Endocardial acti-
vation of left bundle branch block, Circulation 1984; 69: 914-23
Auricchio A, Fantoni C, Regoli F, et al. Characterization of left
ventricular activation in patients with heart failure and left bundle-
branch block. Circulation 2004; 109:1133-39.

Strauss DG, Selvester RH, Wagner GS. Defining left bundle branch
block in the era of cardiac resynchronization therapy. Am J Cardiol
2011;107: 927-34.

Received: January 04,2012

Revised: June 26,2012

Accepted: July 18,2012





