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Prognostic Significance of Atrial Fibrillation is a Function of Left
Ventricular Ejection Fraction
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Summary

Background: Atrial fibrillation (AF) has been reported
to be associated with decreased survival in population-
based studies. Its prognostic importance in end-stage
heart failure is not clear.

Methods and Results: We investigated the prognos-
tic implications of AF as function of left ventricu-
lar (LV) ejection fraction (EF) in 8,931 consecutive
patients undergoing echocardiography at our medical
center between 1990 and 1999. Patient characteristics
were: age 66 ± 13 years, EF 51 ± 15, AF in 1,203
patients. There were 1,911 deaths over a mean follow up
of 913 days. The prevalence of AF was 11% in patients
with normal left ventricular ejection fraction (LVEF)
(EF ≥ 55%, n = 5, 130), and 18% each in those with
mild (EF 41–54%, n = 1209), moderate (EF 26–40%,
n = 1183) and severe reductions in left ventricular ejec-
tion fraction (LVEF) (EF ≤ 25%, n = 961). The 5-year
survival rate was 72% for those in sinus rhythm com-
pared to 56% for those in AF (p < 0.0001). The effect
of AF on 5-year survival was most pronounced in those
with normal LVEF (62 vs 78%, p < 0.0001) followed
by those with mild reduction in LVEF (57 vs 72%,
p = 0.02). It was not a predictor of survival in those with
moderate (5-year survival 55 vs 61%, p = ns) or severe
LV dysfunction (5-year survival 47 vs 45%, p = ns).
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Using the Cox regression model, AF was an indepen-
dent predictor of mortality after correcting for age and
LVEF in the entire cohort and in those with normal
LVEF, but not in those with reduced LVEF. Among the
other co-morbidities analyzed, an independent effect of
AF on mortality was present in those with QTc ≥ 450,
raising a possibility of enhanced susceptibility of these
patients.

Conclusions: The effect of AF on mortality diminishes
with worsening LV function and is absent in those
with severe LV dysfunction. Susceptibility of patients
with QT prolongation to AF mortality warrants further
attention.
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Atrial fibrillation (AF) is a common rhythm disor-
der, being present in 1% of the general population and
10% of octogenarians.1,2 Population based studies have
shown increased mortality with AF.3–5 However, most
of these are clinical observations and lack comprehen-
sive echocardiographic and electrocardiographic data. It
is possible that patients developing AF have underlying
myocardial dysfunction and AF may have been a mani-
festation of the underlying disorder. The effect of AF on
mortality in patients with advanced degrees of LV dys-
function is uncertain as well.6–10 Independent prognostic
significance of AF in heart failure patients was reported
by Dries et al.6 However, this was not supported by data
from the VHeft studies or heart failure patients await-
ing cardiac transplantation.7–9 Data from a heart failure
clinic population indicated that AF could be prognos-
tically unimportant in those with greater hemodynamic
derangement.10 There are no published data investigat-
ing the effect of AF on survival at different levels of left
ventricular ejection fraction (LVEF).
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Methods

Study Population

This single center retrospective study included patients
from the Loma Linda VA Medical Center between July
1990 and June 1999 who had an echocardiographic
examination. It was our laboratory policy to perform 12
lead electrocardiograms routinely at the time echocar-
diographic examinations. Removal of duplicate exami-
nations resulted in 8,931 consecutive patient who formed
the study cohort.

Echocardographic Data

All patients had standard two-dimensional and Doppler
echocardiographic examinations. LVEF was assessed
visually by a level III trained echocardiographer and
entered into the database at the time of the examina-
tion. Visual estimate of EF by an experienced inter-
preter has been shown to correlate very closely with that
obtained by radionuclide ventriculography and equiva-
lent to or superior to other quantitative echocardiographic
methods.11–13 Anatomic measurements were performed
according to the recommendations of the American Soci-
ety of Echocardiography.14

ECG Analysis

Digitally stored ECG data on the MUSE system was
used for analysis. The intervals were digitally measured
by this system. Conduction problems, atrial fibrillation
and myocardial infarctions were interpreted by the com-
puter and verified by a cardiologist. Atrial fibrillation
diagnosis was made when the P waves were absent and
the RR intervals were irregular.

Follow-up and Mortality Data

Follow-up data was gathered by using VA Hospital
administrative records. The endpoint of this study was
all cause mortality as determined by mortality records.
Different causes of mortality were not identified. Alive
status was confirmed by prescription refills or clinic
visits. Only 3% of the patients were lost to follow-up and
hence were censored on the day of echocardiographic
examination.

Database Management

All the data was entered into the computer in Microsoft
Excel program. Data management was accomplished in
Microsoft Excel and Access programs.

Statistical Analysis

Kaplan–Meier survival curves of patients with and
without atrial fibrillation were compared using the log
rank statistic using StatView 5.01 (SAS Insitute Inc,
Cary, NC). A p-value ≤0.05 was considered to be
significant. Cox regression model was used to correct
for the effect of covariates and to calculate the hazard
ratio.

Results

Baseline Patient Characteristics

Most of the patients were men (96%), typical of VA
population. The mean age was 66 ± 13 years and LVEF
51 ± 15%. Eighty-one percent were Caucasians, 10%
African-Americans and 7% were of Hispanic origin.
There were 1,203 patients with AF. LVEF assessment
was possible and available in 8483 patients. Measure-
ments on LV size and wall thickness were available
in 5,136 patients. By using 2-tailed Student’s ‘t’ test,
compared to those in SR, patients with AF were older,
had a lower EF, greater LV wall thickness and size, a
marginally faster heart rate, longer QT interval and a
greater prevalence of left bundle branch block (Table 1).
However, both groups were similar in terms of height,
weight, and QRS duration. There were 1,911 deaths over
a mean follow up of 913 days.

AF Prevalence in EF Subgroups

The prevalence of AF was 11% in patients with
normal LVEF (EF ≥ 55%, n = 5, 130), and 18% each
in those with mild (EF 41–54%, n = 1, 209), moderate
(EF 26–40%, n = 1183) and severe reductions in LVEF
(EF ≤ 25%, n = 961).

AF and Mortality

The 5-year survival rate was 72% for those in SR
compared to 56% for those in AF (p < 0.0001, Fig. 1).
As shown in Fig. 2, the effect of AF on 5-year survival
was most pronounced in those with normal LVEF (62 vs.
78%, p < 0.0001) followed by those with mild reduction
in LVEF (57 vs. 72%, p = 0.02). It was not a predictor
of survival in those with moderate (5-year survival 55 vs.
61%, p = ns) or severe LV dysfunction (5-year survival
47 vs. 45%, p = ns).

Using the Cox regression model, AF was an inde-
pendent predictor of mortality after correcting for age
and LVEF in the entire cohort and in those with normal
LVEF, but not in those with reduced LVEF (Table 2).
However, when corrected for group differences such as
age, EF, left bundle branch block, LV wall thickness and
size and heart rate, AF was not a predictor of mortal-
ity either in the entire cohort or any of the EF subsets
including those with normal EF.
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TABLE 1 Patient characteristics of patients in sinus rhythm (SR) and atrial
fibrillation (AF)

Variable SR (n = 7, 728) AF (n = 1, 203) p-value

Age (years) 65 ± 13 72 ± 10 <0.0001
Male gender (%) 96 97 0.28
Height (cm) 176 ± 11 176 ± 9 0.26
Weight (Lbs) 189 ± 40 190 ± 39 0.33
EF (%) 52 ± 15 47 ± 17 <0.0001
Heart rate (bpm) 76 ± 18 77 ± 20 0.026
QRS duration (ms) 100 ± 21 100 ± 21 0.32
Left bundle branch block (%) 4 9 <0.0001
QT interval (ms) 373 ± 46 405 ± 50 <0.0001
Ventricular septum thickness (mm) 11.6 ± 2.4 12.1 ± 2.6 <0.0001
LV free wall thickness (mm) 11.6 ± 2.0 11.8 ± 2.1 0.015
LV end-diastolic diameter (mm) 49 ± 9 52 ± 10 <0.0001
LV end-systolic diameter (mm) 36 ± 11 39 ± 12 <0.0001
Left atrial diameter (mm) 39 ± 7 46 ± 8 <0.0001

All patients (n=8931)

P<0.0001
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FIG. 1 Kaplan–Meier analysis showing the effect of atrial
fibrillation (AF, n = 1, 203) in survival compared to those
in sinus rhythm (SR, n = 7, 728) in all the study patients.

Effect of AF on Mortality in other Patient Subsets

Table 3 summarizes the prevalence and prognostic sig-
nificance of AF in different subsets of patients both by
Kaplan–Meier analysis as well as by Cox regression
analysis adjusted for age and EF. This table also gives
insight into the interaction between AF and the vari-
ables on which subsets are based. Compared to the AF
prevalence of 14% in the whole cohort, it was markedly
increased in those with left bundle branch block (LBBB)
(28%), right bundle branch block (RBBB) (24%) and
3–4+ MR (29%) and TR 37%). The prevalence was
marginally increased in the elderly, those with AS and
those with left ventricle hypertrophy (LVH) or MI on
ECG, but not in those with QT interval prolongation.

By univariate analysis, AF was associated with a
higher mortality in most of the subsets except those with

LBBB, AS, and those with LVH on ECG and 3–4+
MR (Fig. 3). However, this did not persist after adjusting
for age and EF in any of the groups except those with
QTc ≥450. Interestingly, in these patients, AF was an
independent predictor of mortality after adjusting for age
and EF raising the possibility of a deleterious interaction
between AF and increased QTc in terms of a mortality
impact.

Discussion

The three important findings of our study are: (i) The
effect of AF on mortality is absent in those with moderate
and severe LV dysfunction; (ii) AF is a predictor of
higher mortality even in those with normal EF after
adjusting for co-morbidities and (iii) There may be an
enhanced sensitivity to AF in those with QT prolongation
in terms of mortality. This is the only study, we are aware
of, which has analyzed the effects of AF on survival as
a function of EF and various electrocardiographic and
echocardiographic variables which may have prognostic
importance. In addition, size of the study population is
very large compared to other published studies.

Patients with Normal and Abnormal LV Function

Review of literature suggests that AF may be prog-
nostically important in subjects with no other known
cardiac disease. Data from New York life insurance sug-
gests that for patients with AF, the hazard ratio for death
is about 3.3 However, data on LV function and other
co-morbidities are lacking and AF might have been a
manifestation of underlying heart disease which might
have determined the prognosis. Framingham Heart Study
supports these observations as well.4 Being a community
based study, it has a predominance of subjects with nor-
mal LV function. A study of 3,983 male air crew recruits

Clinical Cardiology DOI:10.1002/clc
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FIG. 2 Graph showing the effect of AF on mortality stratified by the level of LV ejection fraction.
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FIG. 3 Graph showing the effect of AF on mortality in subsets based mitral regurgitation severity and QTc interval.

observed for 44 years concluded that AF is associated
with a slightly increased mortality (RR 1.31), but less
than the other reports.5

Data in patients with congestive heart failure (CHF)
is mixed, but seems to indicate that AF is prognostically
unimportant in those with more severe disease. Mahoney
et al. based on a study of 234 consecutive patients
referred for cardiac transplantation, concluded that AF is
not associated with a decrease in survival.8 Independent
predictors of event-free survival were New York Heart
Association (NYHA) class and pulmonary artery wedge
pressure.8 In a study of 409 CHF patients, AF was an
univariate predictor of mortality, but not a predictor after
correcting for covariates.9 In a study of 390 patients from
a CHF clinic, 19% had AF.10 AF was an independent
predictor of mortality in the whole cohort and those

with pulmonary artery wedge pressure of <16 mmHg,
but not in those with a higher filling pressure. AF was
not an independent predictor of higher mortality in either
SCD-HeFT or the COMET trial.15,16

These data and our own results indicate that AF
may be prognostically important in patients with no or
mild LV dysfunction. When CHF or LV dysfunction is
more severe, mortality from the disease process itself is
high and addition of AF as a co-morbidity makes little
difference in terms of prognosis.

AF in MI Patients

Eldar et al. reported an increase in mortality with AF
in 2,866 patients with acute MI, attributable to worse
risk profile.17 In our series, prevalence of AF in those
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TABLE 2 Cox regression model for in different corrected for age
and EF

All patients (n = 8, 931)
Variable Hazard ratio (95% CI) Chi-square P-value

Age (per year) 1.041 (1.037–1.045) 282.4 <0.0001
LVEF (per %) 0.979 (0.977–0.981) 196.8 <0.0001
AF 1.128 (1.010–1.246) 5.3 0.02

Patients with normal EF (= >55%, n = 5130)
Variable Hazard ratio (95% CI) Chi-square P-value

Age (per year) 1.039 (1.033–1.045) 130.4 <0.0001
LVEF (per %) 1.023 (1.011–1.035) 15.5 <0.0001
AF 1.290 (1.112–1.468) 14.2 0.0002

Patients with reduced EF (<55%, n = 3353)
Variable Hazard ratio (95% CI) Chi-square P-value

Age (per year) 1.044 (1.038–1.050) 154.7 <0.0001
LVEF (per %) 0.969 (0.963–0.975) 141.3 <0.0001
AF 0.983 (0.825–1.141) 0.04 0.83

Patients with mildly reduced EF (41 to 54%, n = 1209)
Variable Hazard ratio (95% CI) Chi-square P-value

Age (per year) 1.050 (1.036–1.064) — <0.0001
LVEF (per %) 1.004 (0.952–1.030) — 0.87
AF 1.151 (0.861–1.341) — 0.26

Patients with moderately reduced EF (26–40%, n = 1183):
Variable Hazard ratio (95% CI) Chi-square P-value

Age (per year) 1.043 (1.027–1.059) — <0.0001
LVEF (per %) 0.991 (0.933–1.049) — 0.74
AF 0.950 (0.661–1.290) — 0.78

Patients with severely reduced EF (= <25%, n = 961)
Variable Hazard ratio (95% CI) Chi-square p-value

Age (per year) 1.041 (1.031–1.051) — <0.0001
LVEF (per %) 0.965 (0.955–0.975) — <0.0001
AF 0.890 (0.654–1.116) — 0.34

Abbreviations: LVEF = left ventricular ejection fraction; AF =
atrial fibrillation.

with electrocardiographic Q waves was 18%. Though AF
was associated with increased mortality in the univariate
analysis, it did not persist after correcting for age and EF.

Patients with Electrical Abnormalities

As summarized on Table 3, AF was not an indepen-
dent predictor of mortality in patients with any of the
conduction disturbances. To our knowledge, there are no
similar studies in the literature to compare. The most
interesting and alarming interaction was between AF and
QTc prolongation. While, QTc prolongation did not pre-
dispose to AF, AF seemed to make them vulnerable
to death in an independent fashion. These is no such
report in the literature. We speculate that varying cycle
lengths that occur in AF may make these patients vulner-
able to torsades de pointes through long-short coupling
sequences.

Strengths of the Study

Ours is a very large study with 1,203 patients with AF
at all levels of LV function. We also have comprehen-
sive echo and electrocardiographic data. Because of the
size of the population, we have been able to analyze the
impact of AF at different levels of LV function and in
different patient subsets based on echo and electrocar-
diographic data.

Study Limitations

One of the study limitation is its retrospective nature.
The study population was also predominantly male and
the conclusions of this study may not be applicable to
women. Clinical data such as causes of LV dysfunc-
tion, the details of medical therapy and their functional
class were not available. These factors have important

Clinical Cardiology DOI:10.1002/clc
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TABLE 3 Effect of AF on mortality in various patient subsets by Kaplan–Meier method with log rank p-value
and Cox proportional hazards model

Patient subsets AF: n (%) Log rank p-value Cox proportional hazards model p-value
(n) AF AF Age EF

Age >66 years (n = 4, 682) 897 (19%) <0.0001 NS <0.0001 <0.0001
MI on ECG (n = 2, 623) 469 (18%) <0.0001 NS <0.0001 <0.0001
LVH on ECG (n = 1, 456) 256 (18%) 0.066 NS <0.0001 <0.0001
LBBB (n = 408) 113 (28%) NS NS <0.0001 <0.0001
RBBB (n = 693) 165 (24%) 0.005 NS <0.0001 <0.0001
QRSd >110 ms (n = 1, 622) 236 (15%) 0.0001 NS <0.0001 <0.0001
QRSd ≥130 ms (n = 720) 104 (14%) 0.003 NS <0.0001 <0.0001
QTc ≥450 (n = 2, 623) 469 (18%) <0.0001 0.01 <0.0001 <0.0001
Any MR (n = 4702) 847 (18%) <0.0001 NS <0.0001 <0.0001
3 or 4+ MR (n = 792) 227 (29%) 0.09 NS <0.0001 <0.0001
Any TR (n = 4132) 770 (19%) <0.0001 NS <0.0001 <0.0001
3 or 4+ TR (n = 574) 214 (37%) 0.04 NS <0.0001 <0.0001
Any AS (n = 650) 110 (17%) 0.054 NS <0.0001 <0.0001
Moderate/severe AS (n = 251) 46 (18%) NS NS <0.0001 <0.0001

LBBB = left bundle branch block, RBBB = right bundle branch block, NS = not significant, MR = Mitral
regurgitation, TR = Tricuspid regurgitation, AS = Aortic stenosis.

prognostic implications. Despite these limitations, the
findings of this study may have important clinical impli-
cations.

Conclusions and Clinical Implications

This study establishes the fact that AF increases mor-
tality in those with normal, but not in those with impaired
LV function. Independent mortality effect of AF in
patients with QT prolongations warrants further atten-
tion.

References

1. Feinberg WM, Blackshear JL, Laupacis A, Kronmal R, Hart RG.:
Prevalence, age distribution, and gender of patients with atrial
fibrillation. Arch Intern Med 1995;155:469–473

2. Go AS, Hyleck EM, Phillips KA, Chang Y, Henault LE, et al.:
Prevalence of diagnosed atrial fibrillation in adults: national
implications for rhythm management and stroke prevention: the
Anticoagulation and Risk Factors in Atrial fibrillation (ATRIA)
Study. JAMA 2001;285:2370–2375

3. Iacovino JR: Mortality of atrial fibrillation in a population selected
to be free of major cardiovascular impairments. J Insur Med
199;31:8–12

4. Benjamin AJ, Wolf PA, D’Agostino RB, Silbershatz H, Kannel
WB, et al.: Impact of atrial fibrillation on the risk of death: The
Framingham Heart Study. Circulation 1998;98:946–952

5. Krahn AD, Manfreda J, Tate RB, Mathewson FA, Cuddy TE:
The natural history of atrial fibrillation: incidence, risk factors,
and prognosis in the Manitoba Follow-Up Study. Am J Med
1995;98:476–484

6. Dries DL, Exner DV, Gersch BJ, Domanski MJ, Waclawiw MA,
et al.: Atrial fibrillation is associated with an increased risk for
mortality and heart failure progression in patients with asymptomatic
and symptomatic left ventricular systolic dysfunction: a retrospective
analysis of the SOLVD trials. Studies of Left Ventricular Dysfunction.
J Am Coll Cardiol 1998;32:695–703

7. Carson PE, Johnson GR, Dunkman WB, Fletcher RD, Farrell
L, et al.: The influence of atrial fibrillation on prognosis in
mild to moderate heart failure. The V-HeFT Studies. The V-
HeFT VA Cooperative Studies Group. Circulation 1993;87(suppl
6):VI102–VI110

8. Mahoney P, Kimmel S, DeNofrio D, Wahl P, Loh E: Prognostic
significance of atrial fibrillation in patients at a tertiary medical center
referred for heart transplantation because of severe heart failure. Am
J Cardiol 1999;83:1544–1547

9. Crijns HJ, Tjeerdsma G, de Kam PJ, Boomsma F, van Gelder IC,
et al.: Prognostic value of the presence and development of atrial
fibrillation in patients with advanced chronic heart failure. Eur Heart
J 2000;21:1238–1245

10. Middlekauff HR, Stevenson WG, Stevenson LW: Prognostic
significance of atrial fibrillation in advanced heart failure. A study of
390 patients. Circulation 1991;84:40–48

11. van Royen N, Jaffe CC, Krumholz HM, Johnson KM, Lynch PJ,
et al.: Comparison and reproducibility of visual echocardiographic
and quantitative radionuclide left ventricular ejection fractions. Am J
Cardiol 1996;77:843–850

12. van ’t Hof AW, Schipper CW, Gerritsen JG, Reiffers S,
Hoorntje JC: Comparison of radionuclide angiography with three
echocardiographic parameters of left ventricular function in patients
after myocardial infarction. Int J Card Imaging 1998;14:413–418

13. Amico AF, Lichtenberg GS, Reisner SA, Stone CK, Schwartz RG,
et al.: Superiority of visual versus computerized echocardiographic
estimation of radionuclide left ventricular ejection fraction. Am Heart
J 1989;118:1259–1265

14. Schiller NB, Shah PM, Crawford M, DeMaria A, Devereux
R, et al.: Recommendations for quantitation of the left ventricle
by two-dimensional echocardiography. J Am Soc Echocardiogr
1989;2:358–367

15. Singh SN, Poole J, Anderson J, Hellkamp AS, Karasik P,
et al., SCD-HeFT Investigators: Role of amiodarone or implantable
cardioverter/defibrillator in patients with atrial fibrillation and heart
failure. Am Heart J 2006;152:974.e7–11

16. Swedberg K, Olsson LG, Charlesworth A, Cleland J, Hanrath P,
et al.: Prognostic relevance of atrial fibrillation in patients with
chronic heart failure on long-term treatment with beta-blockers:
results from COMET. Eur Heart J 2005;26:1303–1308

17. Eldar M, Canetti M, Rotstein Z, Boyko V, Gottlieb S, et al.:
Significance of paroxysmal atrial fibrillation complicating acute
myocardial infarction in the thrombolytic era. SPRINT and
Thrombolytic Survey Groups. Circulation 1998;97:965–970

Clinical Cardiology DOI:10.1002/clc


