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ABSTRACT

ACKGROUND: Although QRS duration is known to be a predictor of mortality in patients with left
entricular dysfunction, our purpose was to evaluate the prognostic power of computer-measured QRS
uration in a general medical population.
ETHODS: Analyses were performed on the first electrocardiogram digitally recorded on 46,933 con-

ecutive patients at the Palo Alto Veterans Affairs Medical Center between 1987 and 2000. Patients with
lectrocardiograms exhibiting Wolff-Parkinson-White were excluded (n � 44), and those with bundle
ranch block or electronic pacing were considered separately, leaving 44,280 patients for analysis (mean
ge 56 � 15 years; 90% were males). There were 3659 (8.3%) cardiovascular deaths (mean follow-up of
.0 � 3.8 years).
ESULTS: A survival plot showed significant separation according to a QRS duration score. After
djustment in the Cox model for age, gender, and heart rate, the QRS duration score was a strong
ndependent predictor of cardiovascular mortality. For every 10-ms increase in QRS duration, there was an
8% increase in cardiovascular risk. The results were similar in patients with an abnormal electrocardio-
ram, a bundle branch block, and a paced rhythm.
ONCLUSION: Quantitative QRS duration was a significant and independent predictor of cardiovascular
ortality in a general medical population. © 2006 Elsevier Inc. All rights reserved.

KEYWORDS: Electrocardiography; QRS duration; Cardiovascular mortality
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he prognostic value of QRS duration in 2 groups of pa-
ients with structural heart disease has been demonstrated:
hose with prior myocardial infarction (MI) and ventricular
ysfunction and those with medically refractory congestive
eart failure (HF). The Multicenter Automated Defibrillator
mplantation Trial II demonstrated that prophylactic im-
lantation of an internal cardioverter defibrillator in patients
ith previous MI and left ventricular dysfunction improved

urvival. Subset analysis revealed that patients with the
reatest prolongation of QRS duration had the greatest sur-
ival benefit from device therapy.1 As a result of this find-
ng, previous Medicare guidelines for internal cardioverter
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ront matter © 2006 Elsevier Inc. All rights reserved.
ed.2005.08.028
efibrillator reimbursement required QRS duration greater
han 120 ms.2 Likewise, the emergence of biventricular
acing therapy for HF relies on the premise that multisite
acing can correct the mechanical dyssynchrony seen in
atients with intraventricular conduction delay (IVCD). In
act, it has been demonstrated that patients with longer QRS
urations are more likely to improve their functional status.3

From March 1987 to December 1999, the Palo Alto
eterans Affairs Medical Center has maintained a data-
ase with at least one computerized electrocardiogram
ECG) from 46,933 patients. These ECGs were obtained
rom inpatients and outpatients and represent findings
rom a broad sample of patients. This is in contrast with
revious studies that targeted select populations with
tructural heart disease or community epidemiologic co-
orts (Framingham). Thus, our sample comes from a
etting where the ECG is commonly used as the first

ssessment tool for possible cardiac disease and is used
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601Desai et al QRS Duration and Prognosis
y physicians in the decision process to determine the
eed for further testing.

ETHODS

tudy Design
he study design is a retrospective
nalysis of all ECGs obtained at the
alo Alto Veterans Affairs Medical
enter from March 1987 to 2000.
hey were digitally recorded and
tored in the General Electric cardi-
logy database system (MUSE,
eneral Electric Medical Systems,
ilwaukee, Wis). ECGs obtained

n an inpatient or emergency depart-
ent setting were flagged. When a

atient had more than one ECG in
he database, only the first one was
onsidered. Standardized, comput-
rized ECG criteria as described by

12-lead ECG analysis program
ere used (see MUSE/12 Lead
CG Physician Program Manual at
ww.gemedicalsystems.com). Be-

ause digital sampling can lead to underrecognition of pacing
pikes, all ECGs with QRS durations greater than 135 ms
ithout appropriate diagnostic classifications (ie, bundle
ranch block [BBB], n � 506) were visually inspected by 3
eparate investigators (A.D.D., T.Y., A.K.) and correctly
lassified.

Computer-measured ECG waveforms and parameters
nd several computerized ECG interpretations were ex-
racted. Patients were classified according to a QRS duration
core: QRS duration less than 110 ms � score of 1; 111 to
20 ms � score of 2; 121 to 130 ms � score of 3, and
reater than 130 ms � score of 4. Criteria for left bundle
ranch block (LBBB) include that the T-wave vector be 180
egrees from the QRS vector, loss of anterior forces, and an
sR prime in lateral leads.

The institutional review board of the Palo Alto Veterans
ffairs Medical Center approved the study.

atients
nalysis was performed on 2 groups of patients: all those
ithout BBB or electronic pacing and patients with BBB or

lectronic pacing. The reason for this separation was to
etermine whether QRS duration alone had prognostic
alue independent of BBB or pacing. ECGs exhibiting
olff-Parkinson-White pattern (ventricular pre-excitation,
� 44) were excluded. Further analysis was performed on

subsets in those without BBB or electronic pacing: normal
nd abnormal ECGs. An abnormal ECG was defined as
aving one of the following: right ventricular hypertrophy
r left ventricular hypertrophy (LVH), right or left axis

CLINICAL SIGNIF

● QRS prolongation
is a significant p
lar mortality i
population.

● Every 10 millisec
ration was assoc
crease in risk of

● Our findings supp
electrocardiograp
tients for interve
survival.
eviation, abnormal Q waves, abnormal T-wave inversion, a
bnormal ST segment depression, atrial fibrillation, or cor-
ected QT interval greater than 450 ms. Abnormal ST de-
ression was defined as ST depression greater than or equal
o 0.5 mm in any one of leads II, V2, or V5. Left axis
eviation was defined as an R-wave axis that was more

negative than 45 degrees. LVH
with strain was defined LVH volt-
age criteria with abnormal ST de-
pression, and the points for the
Romhilt-Estes classification for
LVH were calculated (�4 points
� LVH).4

Outcome Variables
The primary outcome variable
was mortality from a cardiovascu-
lar (CV) cause. The California
Health Department Service and
Social Security Death Index were
used to ascertain the vital status of
each patient as of December 31,
2000. The majority of deaths were
the result of CV disease (36.5% of
total deaths).

tatistical Analysis
he database was imported into Number Cruncher Sta-

istical System (Kaysville, Utah) for analysis. Descriptive
tatistics were used to find mean values for continuous
ariables. Bivariate associations between the two groups
ere tested by using chi-square tests for dichotomous
ariables and t tests for continuous variables (2-tailed,
npaired). All variables were first tested for normality of
istribution. A P value less than .05 was considered
tatistically significant. Kaplan-Meier curves were gen-
rated for individual variables to display impact on sur-
ival. Cox proportional hazard testing was performed to
ssess independent predictors of mortality, and hazard
atios were calculated after the assumptions of the model
ere confirmed. The variables were tested for indepen-
ence and normal distributions. The significant variables
ere chosen by auto-selection with a Z value of 2 and 20

terations.

ESULTS
hirty-five percent of the ECGs with QRS greater than 135
s were not recognized as paced rhythms by the computer

rogram and were subsequently reclassified after visual
nspection and placed in the correct groups. There were
4,280 patients without BBB or paced rhythms and 18,403
atients in the abnormal ECG subset. The breakdown of
atients with BBB and paced rhythms was as follows: 625
ith LBBB, 1675 with right bundle branch block (RBBB),

CE

sured by computer
or of cardiovascu-
general medical

ncrease in QRS du-
with an 18% in-

ovascular death.

he use of standard
or stratifying pa-
s that can improve
ICAN

mea
redict
n a

ond i
iated
cardi

ort t
hy f
ntion
nd 309 with paced rhythms.

http://www.gemedicalsystems.com
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aseline Demographics and Clinical
haracteristics
he mean height of our population was 1.75 � 0.1 m, the
eight was 83 � 18 kg, and the body mass index was 27.2

5.5, with no clinically meaningful differences noted.
able 1 shows the characteristics of patients without BBB
r paced rhythms classified by ranges of the QRS duration.
ge, CV mortality, inpatient status, and prevalence of ECG

bnormalities all increased with increasing QRS duration.
atients with QRS duration greater than 130 ms were the
ldest, had the highest prevalence of other ECG abnormal-
ties (95%), and had the highest CV mortality.

Table 2 is comparison of the subsets of normal and
bnormal ECGs and LBBB, RBBB, and paced rhythms.
he BBB and paced rhythm subsets tended to be older with
rolonged QRS durations. The mean QRS duration for the
ormal and abnormal ECG subsets was relatively normal.

ortality
n patients without BBB or paced rhythms, there were 3659
V deaths (36.5% total deaths [N � 10,016]) during a mean

ollow-up of 6.0 � 3.8 years. The differences in demo-
raphics and clinical characteristics between those who died
f CV causes and those who survived were statistically

Table 1 Baseline Characteristics of Group 1 (Electrocardiogram
Survival Stratified by QRS Duration Score

Characteristic Total

QRS Duration

�110

Number 44,280 41,154
Age (y) 56.2 � 14.6 55.9 � 14.5
Males 39,800 (89.9%) 36,749 (89.3
Outpatient status 32,140 (72.6%) 30,035 (73.0
QRS duration (ms) 92.7 � 12.0 90.6 � 9.3
Abnormal electrocardiogram� 18,403 (41.6%) 16,165 (39.3
Atrial fibrillation 1195 (2.7%) 1069 (2.6%
Premature ventricular

contraction
1652 (3.7%) 1393 (3.4%

Left ventricular hypertrophy 1955 (4.4%) 1519 (3.7%
Corrected QT �450 (ms) 5219 (11.8%) 4354 (10.6
Q waves present 5337 (12.1%) 4527 (11.0
Single Q-wave distribution

Anterior 769 (16.1%) 656 (16.0
Lateral 115 (2.4%) 91 (2.2%
Inferior 3217 (67.2%) 2751 (66.9

T-wave inversion 4763 (10.8%) 3920 (9.5%
ST depression 6838 (15.4%) 5962 (14.5
Cardiovascular death 3659 (8.2%) 3008 (7.3%

*QRS duration in milliseconds.
†P value for comparison of 4 groups based on QRS duration.
‡P � .01 versus QRS duration less than 110 milliseconds.
�Includes electrocardiograms with atrial fibrillation, premature ven

hypertrophy/right ventricular hypertrophy, abnormal Q waves, abnorm
milliseconds.

§P � .05 versus QRS duration less than 110 milliseconds.
ignificant (Table 3). w
When patients without BBB or paced rhythms and pa-
ients with BBB and paced rhythms were compared, the
ollowing was noted: Annual mortality was highest in the
aced group, followed by those with LBBB and RBBB
Table 2). Those with an abnormal ECG without BBB or
aced rhythm had a lower annual mortality, and those with
normal ECG had the lowest annual mortality.

aplan-Meier Survival Curves
n patients without BBB or paced rhythms, a survival plot
howed significant separation according to the QRS dura-
ion score (Figure 1). The annual mortality for a QRS
reater than 130 ms (score of 4) was 6.6%. For those with
BBB, RBBB, and paced rhythms, a cut-point was used for
RS duration rather than the score (Figures 2 and 3), and

imilar associations between QRS duration and CV mortal-
ty were seen.

nivariate Survival Analysis
fter adjustment in the Cox model for age, gender, and
eart rate, the QRS score was a strong independent predictor
f CV mortality in patients without BBB or paced rhythms
Table 4). For each score point increase, the risk of CV
eath increased 60%. Thus, an increase in QRS duration
core from 1 to 4 (or a QRS duration � 110 ms to �130 ms)

out Bundle Branch Block or Paced Rhythms) and Associated

P Value†11-120 121-130 �130

325 441 360
58.9 � 14.4‡ 63.8 � 13.6‡ 66.3 � 11.3‡ �.001
262 (97.3%)‡ 435 (98.6%)‡ 354 (98.3%)‡ �.001
607 (69.1%)‡ 284 (64.4%)‡ 214 (59.4%)‡ �.001
14.8 � 3.0‡ 125.2 � 2.3‡ 142.7 � 16.4‡ �.001
523 (65.5%)‡ 371 (84.1%)‡ 344 (95.6%)‡ �.001
81 (3.5%)§ 20 (4.5%)§ 25 (6.9%)‡ �.001

175 (7.5%)‡ 41 (9.3%)‡ 43 (11.9%)‡ �.001

287 (12.3%)‡ 87 (19.7%)‡ 62 (17.2%)‡ �.001
514 (22.1%)‡ 147 (33.3%)‡ 204 (56.7%)‡ �.001
560 (24.1%)‡ 141 (32.0%)‡ 109 (30.3%)‡ �.001

79 (16.7%) 18 (16.2%) 16 (19.5%) �.001
7 (1.5%) 5 (4.5%) 12 (14.6%)‡ �.001

344 (72.9%)‡ 75 (67.6%) 47 (57.3%) �.001
528 (22.7%)‡ 147 (33.3%)‡ 168 (46.7%)‡ �.001
540 (23.2%)‡ 160 (36.3%)‡ 176 (48.9%)‡ �.001
401 (17.2%)‡ 114 (25.9%)‡ 136 (37.8%)‡ �.001

contraction, left axis deviation/right axis deviation left ventricular
depression, abnormal T wave inversion, corrected QT interval �450
s with

(ms)*

1

2

%) 2
%) 1

1
%) 1
)
)

)
%)
%)

%)
)
%)
)
%)
)

tricular
al ST
as associated with a 180% increase in the risk of CV death
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1.8 times increased risk). Similarly, for each 10-ms in-
rease in QRS duration, the risk of CV death increased 21%.
urthermore, the results were unaffected by the inpatient/
utpatient status.

The results were similar in the patients with LBBB,
BBB, and paced rhythm. Although the paced rhythm sub-

et did not have a statistically significant difference in haz-
rd ratio between patients with QRS durations greater than
80 ms versus those with QRS durations less than 180 ms,
here was a trend toward higher mortality in patients with

Table 2 Baseline Characteristics of the Electrocardiogram Sub

Characteristic
Normal
Electrocardiogram

Abnormal
Electrocardiogram*

N 25,877 18,403
Age (y) 52.6 � 14.3 61.2 � 13.5‡
Males 23,068 (89.1%) 16,762 (91.1%)‡
Outpatient status 14,910 (57.6%) 12,457 (67.7%)‡

QRS duration (ms)� 90.9 � 10.0 95.1 � 14.0‡
� 120 (ms) 183 (0.7%) 988 (5.4%)‡
� 150 (ms) 25,877 18,328 (99.6%)‡
150-180 (ms) (-) 67
� 180 (ms) (-) 8

Cardiovascular Death 1042 (4.0%) 2617 (14.2%)‡
Annual mortality 0.5% 2.3%

*Includes electrocardiograms with atrial fibrillation, premature ven
hypertrophy/right ventricular hypertrophy, abnormal Q waves, abnormal

†P value for comparison of each group based on QRS duration.
‡P � .001 versus normal electrocardiogram group.
�QRS duration categorized into 4 groups.

Table 3 Survival of Primary Study Group Related to Baseline C

Characteristic
Total
(N � 44,280)

Age (y) 56.2 � 14.6
Males 39,800 (89.9%)
Body mass index (kg/m2) 27.2 � 5.5
Outpatient status 32,140 (72.6%)
Electrocardiogram features

QRS duration (ms) 92.7 � 12.0
Abnormal electrocardiograms† 18,403 (41.6%)
Atrial fibrillation 1195 (2.7%)
Left ventricular hypertrophy 1955 (4.4%)
Premature ventricular

contraction
1652 (3.7%)

Corrected QT interval �450 (ms) 5219 (11.8%)
Q waves present 5337 (12.1%)

Distribution of single Q-wave areas
Anterior 769 (16.1%)
Inferior 3217 (67.2%)

T-wave inversion 4763 (10.8%)
ST depression 6838 (15.4%)

*P value is based on comparison between cardiovascular deaths and
†Includes electrocardiograms with atrial fibrillation, premature ven
hypertrophy/right ventricular hypertrophy, abnormal Q waves, abnormal ST depr
onger QRS durations. When QRS duration was compared
ith other ECG criteria including LVH, Q waves, and
amage scores,5,6 it had a powerful predictive value being
hosen second in the Cox-Hazard model after the Cardiac
nfarction Injury Score.

ISCUSSION
his study of a large cohort of general medical patients
emonstrates that an increase in QRS duration is associated

d Associated Mortality

t Bundle
nch Block

Right Bundle
Branch Block Paced P Value†

5 1675 309
9.2 � 10.6‡ 68.6 � 11.2‡ 72.2 � 10.5‡ �.001
5 (90.4%) 1615 (96.4%)‡ 294 (95.1%)‡ �.001
3 (69.3%)‡ 1175 (70.1%)‡ 201 (65.0%)‡ �.001

2.0 � 17.7‡ 141.4 � 14.5‡ 175.4 � 28.8‡ �.001
3 (99.7%)‡ 1621 (96.8%)‡ 294 (95.1%)‡ �.001
6 (49.0%)‡ 1268 (75.7%)‡ 39 (12.6%)‡ �.001
1 (43.4%) 374 (22.3%) 112 (36.2%) �.001
8 (7.7%) 33 (2.0%) 158 (51.1%) �.001

2 (25.9%)‡ 307 (18.3%)‡ 99 (32.0%)‡ �.001
% 3.6% 7.1% �.001

contraction, left axis deviation/right axis deviation, left ventricular
ression, abnormal T wave inversion, corrected QT interval �450 ms.

eristics

Cardiovascular
Deaths
(n � 3659)

Survivors
(n � 34,264)

P
Value*

67.5 � 11.3 53.6 � 14.1 �.0001
3475 (95.0%) 30,301 (88.4%) �.0001
26.7 � 5.2 27.6 � 5.5 �.0001
2130 (58.2%) 26,456 (77.2%) �.0001

97.6 � 15.8 92.3 � 11.1 �.0001
2617 (71.5%) 12,341 (36.0%) �.0001
307 (8.4%) 634 (1.9%) �.0001
435 (11.9%) 1205 (3.5%) �.0001
321 (8.8%) 1024 (3.0%) �.0001

915 (25.0%) 3015 (8.8%) �.0001
927 (25.3%) 3494 (10.2%) �.0001

144 (18.5%) 464 (14.5%) .006
503 (64.5%) 2214 (69.5%) .007

1034 (28.3%) 2893 (8.4%) �.0001
1154 (31.5%) 4338 (12.7%) �.0001

rs.
contraction, left axis deviation/right axis deviation, left ventricular
sets an

Lef
Bra

62
6

56
43

15
62
30
27
4

16
5.3

tricular
ST dep
haract

survivo
tricular
ession, abnormal T-wave inversion, and corrected QT interval �450 ms.



w
s
r
B
t
w
M
a
m
i
p
t
r

G
S
d
f
g
o
t
n
p
d
C
e
w

F
d
a rs of s

F
(
Q

F
b

604 The American Journal of Medicine, Vol 119, No 7, July 2006
ith an increase in the risk of CV death. Patients were
eparated into two main groups: those with BBB and paced
hythms and those without these findings. In patients with
BB and paced rhythms, a markedly prolonged QRS dura-

ion (�150 ms for BBB and �180 ms for paced rhythms)
as found to be associated with a higher CV mortality risk.
ore important, in patients without BBB or paced rhythms,

n increase in QRS duration from less than or equal to 110
s to greater than 130 ms was associated with a 180%

ncreased risk of CV death. Few studies have examined the
rognostic value of QRS duration independent of BBB, but
hey have been limited by small numbers or conflicting
esults.7-10

igure 1 Kaplan-Meier survival plot of primary group accordin
ifferent QRS duration ranges. N � total number of subjects in eac
t each time point. Numbers in parentheses are cumulative numbe

igure 2 Kaplan-Meier survival plot of left bundle branch block
LBBB) group. Two groups are displayed: QRS � 150 ms and

RS � 150 ms. *Annual mortality for each group. a
eneral Medical Populations
chneider et al.,11 as part of the Framingham Heart Study,
etermined CV risk in 70 patients with RBBB who were
ollowed for up to 18 years. CV mortality was three times
reater in patients with RBBB than an age-matched sample
f the population at large. ECGs with QRS duration greater
han 130 ms were most likely to have associated CV ab-
ormalities such as HF. These same investigators studied 55
atients who developed LBBB and found that the QRS
uration did not correlate with the prevalence of associated
V abnormalities.12 A higher mortality rate from CV dis-
ase was seen in men with LBBB versus RBBB. This rate
as higher than in women with either conduction abnor-

S duration score. Four subject groups are displayed representing
p. Numbers above each survival curve refer to subjects evaluated
ubject deaths at each point.

igure 3 Kaplan-Meier survival plot of right bundle branch
lock (RBBB) group. Two groups are displayed: QRS � 150 ms
g to QR
h grou
nd QRS � 150 ms. *Annual mortality for each group.
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605Desai et al QRS Duration and Prognosis
ality.13 Kreger et al.14 found the age-adjusted incidence of
I, angina pectoris, and coronary death to be unrelated to

aseline QRS prolongation.

elect Samples
cute Myocardial Infarction. Brilakis et al.15 found that

ncreased QRS duration in the absence of BBB was inde-
endently associated with higher in-hospital and overall
ortality in patients with non-ST elevation MI versus ST

levation MI. A Global Utilization of Strategies to Open
ccluded Coronary Arteries substudy of patients with ST

levation MI found that QRS duration was a strong predic-
or of mortality.16

ostmyocardial Infarction. Greco et al.17 studied the 10-
ear survival rate of 321 patients post-MI by analyzing the
mpact of an IVCD on mortality. Mortality was 74% in the
resence of an IVCD versus 39% without an IVCD. Ana-
yzed by QRS duration, survival was 55% with QRS less
han 120 ms, 23.8% with QRS from 120 to 140 ms, and 4%
ith QRS greater than 140 ms.17

eart Failure. Brophy et al.18 reported that IVCD was
ssociated with worsened survival in patients with HF.
henkman et al.19 found a linear relationship between in-
reased QRS duration and decreased ejection fraction. A
rolonged QRS duration of 120 to 149 ms demonstrated
ncreased mortality. Shamim et al.20 found that QRS pro-
ongation over time predicted mortality and that a greater
han 20% increase in duration was associated with the worst
rognosis. Iuliano et al.21 found that LBBB was associated
ith a worse survival than RBBB or IVCD and that among
given ejection fraction class, QRS duration still stratified

isk. Bruch et al.22 prospectively enrolled 193 patients with
F and an ejection fraction less than 45%. They found that

n subjects with HF and systolic dysfunction, transmitral
ow patterns added incremental value to QRS duration in
etermining the prognosis.

ick Sinus. Baseline QRS duration from 12-lead ECGs
efore pacemaker implantation was analyzed in the Mode
election Trial, a 6-year, 2010-patient, randomized trial of

Table 4 Univariate Analysis of QRS Duration Adjusted for Age

Study Group Variable

Group 1: All subsets QRS duration score
Group 1: All subsets QRS duration (10 m
Group 2: Left bundle branch block QRS � 150 ms
Group 2: Right bundle branch block QRS � 150 ms
Group 2: Paced QRS � 180 ms

CI � confidence interval.
*Milliseconds.
ual-chamber versus ventricular pacing in sinus node dys-
unction.23 Baseline QRS duration was greater than or equal
o 120 ms in 23% of patients and was associated with older
ge, lower EF, cardiomyopathy, and prior HF. QRS dura-
ion greater than or equal to 120 ms was a predictor of death.

ypertensives. The Losartan Intervention For Endpoint
eduction in Hypertension study investigators measured the
RS duration and QT intervals from hypertensive patients
ith ECG-LVH randomized to two treatments to decrease
lood pressure.24 Only QRS duration and maximum rate-
djusted QT interval were significant independent predic-
ors of CV mortality.

Several unique characteristics of this study should be
onsidered. The study includes one of the largest sample
izes compared with those published, involves analysis of
omputer-measured ECG parameters rather than manual
ssessments, and specifically examines the prognostic
ower of QRS duration in a general medical population
ather than a specialized target group. Furthermore, our
ndings have a sound theoretical basis. Abnormal and im-
aired electrical activation of the ventricle(s) can worsen
eart function, signify impairment of infra-His conduction
s a precursor to advanced heart block, and set the stage for
entricular arrhythmogenesis.25

ONCLUSION
RS duration provides a simple method to stratify patients

s to their risk of CV death. In a general medical sample
ithout BBB or paced rhythms, those with a QRS duration
reater than 130 ms experience nearly twice the risk of CV
eath compared with those with a QRS duration of 110 ms
r less. Similarly in patients with LBBB and RBBB, a QRS
uration greater than 150 ms is associated with greater risk
f CV death.

eferences
1. Moss AJ, Zareba W, Hall WJ, et al. The Multicenter Automatic

Defibrillator Implantation Trial II investigators. Prophylactic implan-
tation of a defibrillator in patients with myocardial infarction and
reduced ejection fraction. N Engl J Med. 2002;346:877-883.

2. Medicare Defibrillator Guidelines. Available at: http://www.medicare.
gov. Accessed August 15, 2003.

3. Oguz E, Dagdeviren B, Bilsel T, et al. Echocardiographic prediction of
long-term response to biventricular pacemaker in severe heart failure.

t Rate, and Sex

Hazard
Ratio 95% CI P Value

1.59 1.53-1.67 �.001
ements) 1.21 1.19-1.22 �.001

1.75 1.26-2.41 �.001
1.44 1.12-1.84 �.005
1.48 0.99-2.22 .07
, Hear

(1-4)
s* incr
Eur J Heart Fail. 2002;4:83-90.

http://www.medicare.gov
http://www.medicare.gov


1

1

1

1

1

1

1

1

1

1

2

2

2

2

2

2

606 The American Journal of Medicine, Vol 119, No 7, July 2006
4. Romhilt DW, Estes EH Jr. A point-score system for the ECG diagnosis
of left ventricular hypertrophy. Am Heart J. 1968;75:752-758.

5. Jones MG, Anderson KM, Wilson PW, et al. Prognostic use of a QRS
scoring system after hospital discharge for initial acute myocardial
infarction in the Framingham cohort. Am J Cardiol. 1990;5:546-550.

6. Dekker JM, Schouten EG, Kromhout D, et al. The Cardiac Infarction
Injury Score and coronary heart disease in middle-aged and elderly
men: the Zutphen Study. J Clin Epidemiol. 1995;6:833-840.

7. Fahy GJ, Pinski SL, Miller DP, et al. Natural history of isolated bundle
branch block. Am J Cardiol. 1996;77:1185-1190.

8. Hesse B, Diaz LA, Snader CE, et al. Complete bundle branch block as
an independent predictor of all-cause mortality: report of 7,073 pa-
tients referred for nuclear exercise testing. Am J Med. 2001;110:
318-319.

9. Freedman RA, Alderman EL, Sheffield LT, et al. Bundle branch block
in patients with chronic coronary artery disease: angiographic corre-
lates and prognostic significance. J Am Coll Cardiol. 1987;10:
73-80.

0. Baldasseroni S, Opasich C, Gorini M, et al. Left bundle-branch block
is associated with increased 1-year sudden and total mortality rate in
5517 outpatients with congestive heart failure: a report from the Italian
network on congestive heart failure. Am Heart J. 2002;143:
398-405.

1. Schneider JF, Thomas HE, Kreger BE, et al. Newly acquired right
bundle-branch block: The Framingham Study. Ann Intern Med. 1980;
92:37-44.

2. Schneider JF, Thomas HE Jr, McNamara PM, Kannel WB. Clinical-
electrocardiographic correlates of newly acquired left bundle branch
block: the Framingham Study. Am J Cardiol. 1985;55:1332-1338.

3. Schneider JF, Thomas HE, Sorlie P, et al. Comparative features of
newly acquired left and right bundle branch block in the general
population: the Framingham study. Am J Cardiol. 1981;47:931-940.

4. Kreger BE, Anderson KM, Levy D. QRS interval fails to predict
coronary disease incidence: the Framingham Study. Arch Intern Med.
1991;151;1365-1368.

5. Brilakis ES, Mavrogiorgos NC, Kopecky SL, et al. Usefulness of QRS
duration in the absence of bundle branch block as an early predictor of
survival in non-ST elevation acute myocardial infarction. Am J Car-

diol. 2002;89:1013-1018.
6. Hathaway WR, Peterson ED, Wagner GS, et al. Prognostic signifi-
cance of the initial electrocardiogram in patients with acute myocardial
infarction. JAMA. 1998;279:387-391.

7. Greco R, Siciliano S, D’Alterio D, et al. 10-year follow-up of patients
with intraventricular conduction defects associated with myocardial
infarction: the meaning of QRS duration. G Ital Cardiol. 1985;15:
1147-1154.

8. Brophy JM, Deslauriers G, Rouleau JL. Long-term prognosis of pa-
tients presenting to the emergency room with decompensated conges-
tive heart failure. Can J Cardiol. 1994;10:543-547.

9. Shenkman HJ, Pampati V, Khandelwal AK, et al. Congestive heart
failure and QRS duration: establishing prognosis study. Chest. 2002;
122:528-534.

0. Shamim W, Yousufuddin M, Cicoria M, et al. Incremental changes in
QRS duration in serial electrocardiograms over time identify high risk
elderly patients with heart failure. Heart. 2000;88:47-51.

1. Iuliano S, Fisher SG, Karasik PE, et al. QRS duration and mortality in
patients with congestive heart failure. Am Heart J. 2002;143:1085-
1091.

2. Bruch C, Gotzmann M, Stypmann J, et al. Electrocardiography and
Doppler echocardiography for risk stratification in patients with
chronic heart failure: incremental prognostic value of QRS duration
and a restrictive mitral filling pattern. J Am Coll Cardiol. 2005;45(7):
1072-1075.

3. Sweeney MO, Hellkamp AS, Lee KL, Lamas GA; Mode Selection
Trial (MOST) Investigators. Association of prolonged QRS duration
with death in a clinical trial of pacemaker therapy for sinus node
dysfunction. Circulation. 2005;111(19):2418-2423. Epub 2005
May 2.

4. Oikarinen L, Nieminen MS, Viitasalo M, et al; LIFE Study Investi-
gators. QRS duration and QT interval predict mortality in hypertensive
patients with left ventricular hypertrophy: the Losartan Intervention for
Endpoint Reduction in Hypertension Study. Hypertension. 2004;
43(5):1029-1034. Epub 2004 Mar 22.

5. Josephson ME. Atrioventricular conduction: infra-His conduction. In:
Josephson ME, ed. Clinical Cardiac Electrophysiology: Techniques
and Interpretations, 3rd ed. Philadelphia: Lippincott Williams &

Wilkins; 2002:102-103.


	Prognostic Significance of Quantitative QRS Duration
	METHODS
	Study Design
	Patients
	Outcome Variables
	Statistical Analysis

	RESULTS
	Baseline Demographics and Clinical Characteristics
	Mortality
	Kaplan-Meier Survival Curves
	Univariate Survival Analysis

	DISCUSSION
	General Medical Populations
	Select Samples
	Acute Myocardial Infarction
	Postmyocardial Infarction
	Heart Failure
	Sick Sinus
	Hypertensives


	CONCLUSION
	References


