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Abstract: Background: Atrial fibrillation (AF) is associated with enlargement of the left atrium (LA). The LA volume can 
be assessed by cardiac magnetic resonance (CMR). The standard CMR method for measuring the LA volume is the short-
axis (SA) method, which is time consuming, hence little useful in the clinical setting. For this reason more simplified 
methods have been developed to assess the LA volume.  

Objective: To compare the standard SA method and the simplified single plane area-length (AL) method for 
measurements of the LA volume in patients with permanent AF. 

Methods and Results: CMR was performed in 34 patients with permanent AF. CMR was conducted with the steady-state 
free precession (SSFP) technique TrueFISP. LA volumes were measured using the single plane AL method and the SA 
method. A good and statistically significant correlation was found between the two methods. The Pearson’s correlation 
coefficients for LA maximal volume (LAmax) and LA minimal volume (LAmin) were 0.92, p<0.0001 and 0.91, 
p<0.0001, respectively. The single plane AL method underestimated LA volumes compared to the SA method (LAmax: 
143 ± 35 ml vs. 149 ml ± 38, p=0.046, LAmin: 124 ml ± 30 vs. 130 ml ± 34, p=0.014). Intra- and interobserver agreement 
was inferior for the single plane AL method.  

Conclusion: Measurements of LA volumes by the SA method and the single plane AL methods correlate closely in 
patients with permanent AF. However, the single plane AL method underestimates the LA volume and the reproducibility 
is inferior compared to the SA method.  

Keywords: Atrial fibrillation, cardiac magnetic resonance, left atrial volume, steady-state free precession, short-axis method, 
area-length method. 

INTRODUCTION 

 Atrial fibrillation (AF) is the most common cardiac 
arrhythmia associated with an adverse prognosis [1, 2], and 
the prevalence of AF is increasing [3]. AF is associated with 
enlargement of the left atrium (LA), because atrial dilatation 
is both the cause and consequence of AF [4-6]. LA volume 
provides a more accurate measure of LA size than LA 
diameter [7]. There is strong evidence that LA volume is a 
predictor of cardiovascular events in subjects without 
arrhythmia [7-9]. However, in patients with AF it has not 
been possible to confirm a relationship between LA 
enlargement and increased risk of future cardiovascular 
events [10]. In patients without arrhythmia, Cardiac 
Magnetic Resonance (CMR) is considered the gold standard 
for measuring cardiac chambers due to the methods excellent 
reproducibility [11, 12]. Measurements obtained using CMR 
resemble the true LA volume obtained from post-mortem  
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assessment [13]. The standard CMR method for measuring 
LA volume is the short-axis (SA) method. This method, 
however, is very time consuming, making it little useful in 
the clinical setting. In addition, the LA volume cannot 
always be obtained on standard CMR images by the SA 
method due to lack of multislice images of the LA in the SA 
orientation [14]. Therefore, simplified methods have been 
developed to assess the LA volume, among these the single 
plane area-length (AL) method. The single plane AL method 
assumes an ellipsoid geometry of the LA and because LA 
enlargement associated with AF may not occur in a uniform 
fashion, it has been argued that application of such a method 
may not be feasible in patients with AF [8, 15]. For this 
reason, the objective of our study was to assess how 
measurements of LA volume obtained by the single plane 
AL method correlate with the standard SA method in 
patients with permanent AF. 

MATERIALS AND METHODOLOGY 
Patients 
 Forty patients with permanent AF were included in the 
study and underwent CMR from August 2009 to July 2011. 
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The patients were recruited from the Outpatient Clinic at the 
Department of Cardiology, Hvidovre University Hospital, 
Copenhagen, Denmark. Inclusion criteria were ECG-
documented permanent AF and ability to provide written 
informed consent, as well as existence of a documented 
decision not to attempt cardioversion. Exclusion criteria 
included contraindications to CMR (e.g. pacemaker, 
noncompatible biometalic implants, known claustrophobia), 
severe pulmonary disease and severe renal disease. Four of 
the included patients had to be excluded during the study: 
three patients due to claustrophobia during CMR and one 
due to excessive abdominal obesity. For two further patients 
CMR images could not be analyzed due to insufficient image 
quality. All patients were on their routine medication, 
including beta-blockers and digoxin. No additional 
medication was given to lower heart rate prior to or during 
CMR. Mean duration of AF was 3.3 ± 2.8 years. Informed 
consent was obtained before CMR in all cases. The study 
was conducted according to the principles of the Helsinki 
Declaration. Approval from the local Research Ethics 
Committee was obtained before the study was initiated. 

Magnetic Resonance Imaging 

 CMR was conducted using the steady-state free 
precession (SSFP) technique TrueFISP on two scanners 
(Siemens Magnetom Avanto 1.5 Tesla system and Siemens 
Magnetom Trio 3.0 Tesla system, Siemens, Erlangen, 
Germany). Cardiac synergy coils were used for 
radiofrequency signal reception. Imaging was performed 
with the patients in the supine position. Retrograde ECG-
gating was used to achieve 25 phases per RR-interval using 
Siemens arrhythmia detection sequences. Each slice was 
obtained from an average of 12 heart beats. After localizers, 
SSFP end-expiratory breath-hold cine sequences were 
performed covering the LV and subsequently the LA in the 
SA orientation with an average of 8-12 slices in the LA with 
a slice thickness of 6 mm. In addition, SSFP cine CMR was 
done in 4-chamber orientation covering the whole heart in 8-
10 slices. The mid-atrial slice was used for calculating the 
LA volume by the single plane AL method.  

Scan Parameters were as Follows 

 For Siemens Magnetom Avanto 1.5 Tesla system: field 
strength: 1.5 Tesla, TR: 58.3 msec, TE: 1.12 msec, flip 
angle: 80º, field of view: 340 mm, matrix size: 192 x 80, 
slice thickness: 6 mm.  
 For Siemens Magnetom Trio 3.0 Tesla system: field 
strength: 3.0 Tesla, TR: 64.8 msec, TE: 1.43 msec, flip 
angle: 38º, field of view: 340 mm, matrix size: 192 x 146, 
slice thickness 6 mm. 

Image Analysis 

 LA volumes were assessed offline using the 
commercially available software Argus (Siemens Medical 
Solution, Erlangen, Germany). The LA volumes were first 
measured by the standard SA method, where LA maximal 
volume (LAmax) was defined visually as the phase with the 
largest LA-dimension and LA minimal volume (LAmin) as 
the phase with the smallest LA-dimension. Manual tracing of 
the endocardial borders of successive SA slices was 
performed from the apex of the LA to the atrioventricular 
junction in LAmax and LAmin. At the base of the LA, slices 

were considered to be in the atrium if the blood was less than 
half surrounded by ventricular myocardium. Care was taken 
to exclude the pulmonary veins from the measurements.  
 LAmax and LAmin were calculated from the sums of the 
outlined areas using a modification of Simpson’s rule [17]. 
LA fractional change (FC) was calculated from the formula: 
FC = (LAmax-LAmin)/LAmax x 100%. Next, the single 
plane AL measurement was performed on the mid-atrial slice 
in the horizontal 4-chamber image. The LA area and length 
were assessed at LAmax and LAmin and LA volumes was 
calculated at the two phases using the formula: volume = 
0.85 x area²/length [14, 16]. On the 4-chamber image, 
LAmax was identified as maximal LA volume on the phase 
just before mitral valve opening and LAmin as the minimal 
LA volume on the phase just after mitral valve closure. 
Similarly to the SA measurements, pulmonary veins were 
excluded from the measurements on the 4-chamber image. 
LA FC was calculated from the same formula described 
above. Time consumption related to LA measurements by 
the SA method was on average 25 minutes. Time 
consumption related to LA measurements by the single plane 
AL method was on average 3 minutes. Patient examples of 
measurements are given in Fig. (1) and Fig. (2). 

STATISTICAL ANALYSIS 

 All examined parameters of atrial volumes and function 
were found to be normally distributed using the 
Kolmogorov-Smirnov test. Continuous data are expressed as 
mean ± standard deviation (SD). Catagorical data are 
summarized as frequencies and percentages. Continuous 
variables were compared by paired t-tests. Categorical data 
were analysed by Ҳ² test and Fisher’s exact test when 
appropriate. A sample size calculation was performed using 
a test of equivalence, where non-equivalence was taken to be 
the null hypothesis, since the hypothesis was that the two 
CMR measuring methods would provide equivalent results, 
In accordance, rejection of the null hypothesis would 
indicate equivalence, implying that the results obtained by 
the two methods could be considered practically 
indistinguishable. Based on data from a previous imaging 
study conducted in patients with non-permanent AF using 
CMR [14], we found that acceptance of an equivalence 
margin of 15 ml with an assumed SD of 20 ml between mean 
measurements of LAmax by the two methods at a two-sided 
alpha level of 0.05 and a power of 80%, would require a 
sample size of 32 patients to reject the null hypothesis (of 
non-equivalence).  
 In order to assess the correlation between measurements 
of LA volume by the single plane AL method and the SA 
method, a Pearson’s correlation coefficient (r) was 
calculated. In addition, Bland Altman analyses were carried 
out to assess the limits of agreement for results obtained by 
the two methods.  
 Intra-observer and inter-observer variability of LA 
volume measurements were also determined by linear 
regression (Pearson’s correlation coefficient) and Bland 
Altman analyses. Intra-observer variability was assessed by 
making the same investigator repeat measurements of 
LAmax and LAmin in 20 randomly selected patients by both 
the SA method and the single plane AL method 
approximately one month after the initial assessment. Inter-
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observer variability was assessed by a second investigator, 
who performed measurements of LAmax and LAmin in the 
same 20 patients by both the SA method and the single plane 
AL method. At each assessment the definition of LAmax and 
LAmin was reassessed visually and the measurements of LA 
volumes corresponding to LAmax and LAmin were repeated 
by the two methods. 
 All statistical analyses were performed with the use of a 
commercially available package (SAS 9.1 and 9.3, SAS 
System, Cary, NC, USA). A p-value of less than 0.05 was 
considered to be significant.  

Table 1. Patient Characteristics 

N 34 

Age (years) 69 ± 6 

Sex – male (%) (n) 65 (22) 

Body Surface Area 2.0 ± 0.2 

Body Mass Index 28 ± 6 

Heart Rate 80 ± 14 

Concomitant Disease  

Hypertension (%) (n) 50 (17) 

Diabetes (%) (n) 21 (7) 

LVEF<45% (%) (n) 32 (11) 

Previous Stroke/TCI (%) (n)   9 (3) 

IHD (%) (n)   29 (10) 

Medication  

Beta-blocker (%) (n) 92 (31) 

Digoxin (%) (n) 35 (12) 

ACEi or ARB (%) (n) 68 (23) 

Oral anticoagulants (%) (n) 97 (33) 

Data are presented as mean ± standard deviation or as % (n) unless otherwise stated. 
LVEF: left ventricular ejection fraction, TCI: transitory cerebral ischemia, IHD: 
ischemic heart disease, ACEi: angiotensin converting enzyme inhibitor, ARB: 
angiotensin receptor blocker 
 

Results 

 Patient characteristics are shown in Table 1. The single 
plane AL method underestimated LAmax and LAmin 
compared to the SA method (LAmax: 143 ± 35 ml vs. 149 ± 

 
Fig. (1). Patient example. 
Manual tracings of the left atrial volume using the standard short-axis (SA) method. Left: left atrial maximal volume (LAmax), Right: left 
atrial minimal volume (LAmin). 

 
Fig. (2). Patient example. 
Tracing of the left atrial volume using the single plane area-length (ALM) method in the 4-chamber view. Left: left atrial maximal volume 
(LAmax), Right: left atrial minimal volume (LAmin). 
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38 ml, p=0.046; LAmin: 124 ± 30 ml vs. 130 ± 34 ml, 
p=0.014). FC was larger when assessed by the single plane 
AL method compared to the SA method (FC; 13.6 ± 4.7% 
vs. 12.5 ± 3.6%, p=0.040). 
 The Pearson’s correlation coefficients between 
measurements using the two methods were: 0.92, 0.91 and 
0.79 (p<0.0001) for LAmax, LAmin and FC, respectively 
(Fig. 3).  
 Bland Altman analyses showed good agreement for 
measurements of LAmax, LAmin and FC performed with the 
two methods. Bias were: 5.3 ± 14.9 ml, 6.2 ± 14.0 ml and -1.1 
± 2.9 % for LAmax, LAmin and FC, respectively (Fig. 4).  

 Data on intra- and interobserver variability are 
summarized in Table 2 and Table 3. For measurements 
performed by the standard SA method, assessment of both 
intra- and interobserver variability gave Pearson’s 
correlation coefficients above 0.90 for LAmax and LAmin 
(p<0.0001). For measurements performed by the single plane 
AL method, correlation coefficients of intraobserver 
variability were 0.86 for LAmax and 0.87 for LAmin 
(p<0.0001) and correlation coefficients of interobserver 
variability were 0.87 for LAmax and 0.92 for LAmin 
(p<0.0001).  
 Bland Altman analyses showed good intra- and 
interobserver agreement for measurements of LAmax and 

 
Fig. (3). Correlation between methods. 

Correlation between the short-axis method (SA) and the single plane AL method (ALM) for LAmax, LAmin and LA fractional change (FC). 

 
Fig. (4). Mean difference between methods. 

Bland Altman plots showing agreement between measurements of LAmax, LAmin and LA fractional change (FC) performed with the short-
axis (SA) method and the single plane AL method. LoA; limits of agreement.  

Table 2. Intraobserver Reproducibility of LAmax and LAmin 

 Short-Axis Method  Area-Length Method  

 r Mean Difference ± SD r Mean Difference ± SD 

LAmax 0.97* 6.9 ± 11.3 ml 0.86* 6.1 ± 15.9 ml 

LAmin 0.97* 4.8 ± 9.4 ml 0.87* 8.6 ± 13.8 ml 

SD: standard deviation 
*p<0.0001 

Table 3. Interobserver Reproducibility of LAmax and LAmin 

 Short-Axis Method  Area-Length Method  

 r Mean Difference ± SD r Mean Difference ± SD 

LAmax 0.94* 1.6 ± 11.1 ml 0.87* -6.8 ± 16.1 ml 

LAmin 0.96* 2.0 ± 8.1 ml 0.92* -2.5 ± 10.1 ml 

SD: standard deviation 
*p<0.0001 
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LAmin by the SA method. With respect to both intra- and 
interobserver assessment, limits of agreement were larger for 
the single plane AL method than for the SA method (Fig. 5 
and Fig. 6). 

DISCUSSION 

 Transthoracic echocardiography (TTE) is due to its wide 
availability the most frequently used method for assessment 
of the LA volume [18]. CMR, however, allows 3-
dimensional measurements of the LA volume with a clear 
delimitation of endocardial borders, and due to the fact that 
CMR is increasingly gaining importance in the assessment of 
structural heart disease and is considered an accurate method 
for measuring myocardial infarction size in patients with 
myocardial infarction [19, 20], evaluation of the use of CMR 
is warranted in the growing number of patients with AF, who 
often have substantial cardiac co-morbidity. Until recently, 
patients with AF were generally excluded from CMR 
studies, because the reliability of measurements was 
impaired by the varying RR-interval that caused reduced 
image quality. Due to technical advances during the last 
decade, a number of CMR studies have now been performed 
including patients with AF [4, 18, 21, 22]. The currently 
used SSFP technique is able to produce high-quality images 
with clear distinction of endocardial and epicardial borders 
in spite of the varying cycle length in AF [21]. Due to the 
scarcity of CMR studies in patients with AF, it has not 
previously been assessed how the single plane AL method 
compares to the SA method for assessment of the LA 
volume in patients with permanent AF. Hof et al. found a 
good correlation between measurements of LA volume and 
function by the two methods in patients with paroxysmal and 
persistent AF, who where all in SR at the time of CMR, 
although the single plane AL method underestimated LA 
volumes and overestimated LA function and had inferior 

reproducibility compared to the SA method [14]. Our data 
confirm that this also applies to patients with permanent AF 
in spite of the fact that the patients in our study were scanned 
during AF and had substantially larger LA volumes. Even 
though LA enlargement is often more evident and may occur 
in a non-uniform fashion in patients with permanent AF, we 
have demonstrated that also in these patients the single plane 
AL method correlate well with the SA method, but 
underestimates LAmax and LAmin and overestimates FC 
compared to the SA method. However, although the 
difference is statistically significant, it is hardly of any 
clinical significance. With respect to intra- and interobserver 
agreement, the limits of agreement for the single plane AL 
method were quite wide implying that the reproducibility of 
this method is considerably inferior to the SA method, which 
to some extent limits the utility of the method. Since CMR is 
usually performed for other purposes than assessment of the 
LA volume, e.g. evaluation of ischemic heart disease, it can 
be argued that a fair estimate of the LA volume may be 
sufficient in most cases even in patients with permanent AF. 
For this reason use of the single plane AL method may in 
fact be a reasonable alternative to the SA method in the 
majority of patients, since the measurements correlate 
closely with the SA method and the trade off between 
reduced reproducibility and time saving may favour the latter 
in daily clinical practice. Also, in circumstances where 
multiple slices of the LA in the SA orientation are not 
available, it may be justified to use the single plane AL 
method for assessment of the LA volume, due to the close 
correlation between the two methods. Nevertheless, in cases 
where a high level of reproducibility is required, e.g. for 
serial assessments of LA volumes over time, use of the SA 
method should be encouraged. However, CMR should at this 
stage only be used for research in group studies in patients 
with permanent AF, as the feasibility of CMR need to be 

 
Fig. (5). Intraobserver variability. 

Bland Altman plots of intraobserver variability of LAmax and LAmin using the short-axis (SA) method (left) and the single plane AL 
method (right). LoA: limits of agreement. 

 
Fig. (6). Interobserver variability. 

Bland Altman plots of intraobserver variability of LAmax and LAmin using the short-axis (SA) method (left) and the single plane AL 
method (right). LoA: limits of agreement. 
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validated in larger studies before the method can be 
implemented in clinical decision making or research with 
serial measurements in individual patients. 

LIMITATIONS 

 A relatively small number of patients were examined, 
therefore the study does not allow for any definite 
conclusions. Due to practical logistics, patients were scanned 
using two different scanners with different field strengths. 
Nineteen patients were scanned using Siemens Magnetom 
Avanto 1.5 T and fifteen patients were scanned using 
Siemens Magnetom Trio 3.0 T. Previously, it has been 
established that field strength have no effect on LA 
assessment of volume and function [23], hence, the use of 
two different scanners does not appear to be a major 
limitation. However, 3.0 T may produce more artefacts than 
1.5 T, and we cannot exclude the possibility that this might 
have affected the measurements complicating the evaluation. 
Since images were only acquired in the SA orientation and 
4-chamber view according to the CMR protocol, images in 
the 2-chamber view were not obtained, and calculations of 
LA volumes using a biplane AL method have not been 
possible. We anticipate that application of a biplane AL 
method would have yielded comparable results, since good 
agreement between measurements derived from the single- 
and biplane AL method has previously been reported [15], 
but this remains to be determined. With respect to time 
consumption related to measurements by the two methods, 
we found that the single plane AL method was associated 
with a substantial reduction of analysis time compared to the 
SA method (approx. 3 min vs. 25 min). With greater routine, 
however, it might be possible to shorten the time 
consumption associated with the SA method. Also, semi-
automated software is increasingly becoming available, 
which will eventually allow faster volumetric analysis.  

CONCLUSION 

 Measurements of LA volumes by the SA method and the 
single plane AL methods correlate closely in patients with 
permanent AF. However, the single plane AL method 
underestimates the LA volume compared to the standard SA 
method in patients with permanent AF and the 
reproducibility is inferior to the SA method.  

CONFLICT OF INTERESTS 

 The author(s) confirm that this article content has no 
conflicts of interest. 

ACKNOWLEDGEMENTS 

 The authors thank the staff at the Danish Research Centre 
for Magnetic Resonance for skillful assistance. 
 The Augustinus Foundation (Copenhagen, Denmark), the 
Beckett Foundation (Copenhagen, Denmark) and the Toyota 
Foundation (Copenhagen, Denmark) financially supported 
the making of this study. None of these foundations have had 
any influence on the content of the manuscript. 

REFERENCES 
[1]  Kannel WB, Wolf PA, Benjamin EJ, Levy D. Prevalence, 

incidence, prognosis, and predisposing conditions for atrial 

fibrillation: population-based estimates. Am J Cardiol 1998; 82: 
2N-9N. 

[2]  Benjamin EJ, Wolf PA, D'Agostino RB, et al. Impact of atrial 
fibrillation on the risk of death: the Framingham Heart Study. 
Circulation 1998; 98: 946-52. 

[3]  Naccarelli GV, Varker H, Lin J, Schulman KL. Increasing 
prevalence of atrial fibrillation and flutter in the United States. Am 
J Cardiol 2009; 104: 1534-9. 

[4]  Therkelsen SK, Groenning BA, Svendsen JH, Jensen GB. Atrial 
and ventricular volume and function in persistent and permanent 
atrial fibrillation, a magnetic resonance imaging study. J 
Cardiovasc Magn Reson 2005; 7: 465-73. 

[5]  Fuster V, Ryden LE, Cannom DS, et al. 2011 ACCF/AHA/HRS 
focused updates incorporated into the ACC/AHA/ESC 2006 
Guidelines for the management of patients with atrial fibrillation: a 
report of the American College of Cardiology 
Foundation/American Heart Association Task Force on Practice 
Guidelines developed in partnership with the European Society of 
Cardiology and in collaboration with the European Heart Rhythm 
Association and the Heart Rhythm Society. J Am Coll Cardiol 
2011; 57: e101-98. 

[6]  Vaziri SM, Larson MG, Benjamin EJ, Levy D. Echocardiographic 
predictors of nonrheumatic atrial fibrillation. The Framingham 
Heart Study. Circulation 1994; 89: 724-30. 

[7]  Lester SJ, Ryan EW, Schiller NB, Foster E. Best method in clinical 
practice and in research studies to determine left atrial size. Am J 
Cardiol 1999; 84: 829-32. 

[8]  Abhayaratna WP, Seward JB, Appleton CP, et al. Left atrial size: 
physiologic determinants and clinical applications. J Am Coll 
Cardiol 2006; 47: 2357-63. 

[9]  Møller JE. Left Atrial Volume: A Powerful Predictor of Survival 
After Acute Myocardial Infarction. Circulation 2003; 107: 2207-
12. 

[10]  Tsang TS, Abhayaratna WP, Barnes ME, et al. Prediction of 
cardiovascular outcomes with left atrial size: is volume superior to 
area or diameter? J Am Coll Cardiol 2006; 47: 1018-23. 

[11]  Maceira AM, Cosín-Sales J, Roughton M, Prasad SK, Pennell DJ. 
Reference left atrial dimensions and volumes by steady state free 
precession cardiovascular magnetic resonance. J Cardiovasc Magn 
Reson 2010;12: 65. 

[12]  Lønborg JT, Engstrøm T, Møller JE, et al. Left atrial volume and 
function in patients following ST elevation myocardial infarction 
and the association with clinical outcome: a cardiovascular 
magnetic resonance study. Eur Heart J Cardiovasc Imaging 2012; 
14(2): 118-27. 

[13]  Järvinen V, Kupari M, Hekali P, Poutanen VP. Assessment of left 
atrial volumes and phasic function using cine magnetic resonance 
imaging in normal subjects. Am J Cardiol 1994; 73:1135-8. 

[14]  Hof IE, Velthuis BK, Van Driel VJ, Wittkampf FH, Hauer RN, Loh 
P. Left atrial volume and function assessment by magnetic 
resonance imaging. J Cardiovasc Electrophysiol 2010; 21: 1247-50. 

[15]  Whitlock M, Garg A, Gelow J, Jacobson T, Broberg C. 
Comparison of left and right atrial volume by echocardiography 
versus cardiac magnetic resonance imaging using the area-length 
method. Am J Cardiol 2010; 106: 1345-50. 

[16]  Lang RM, Bierig M, Devereux RB, et al. Recommendations for 
chamber quantification: a report from the American Society of 
Echocardiography's Guidelines and Standards Committee and the 
Chamber Quantification Writing Group, developed in conjunction 
with the European Association of Echocardiography, a branch of 
the European Society of Cardiology. J Am Soc Echocardiogr 2005; 
18: 1440-63. 

[17]  Lorenz CH, Walker ES, Morgan VL, Klein SS, Graham TP, Jr. 
Normal human right and left ventricular mass, systolic function, 
and gender differences by cine magnetic resonance imaging. J 
Cardiovasc Magn Reson 1999; 1: 7-21. 

[18]  Jahnke C, Fischer J, Mirelis JG, et al. Cardiovascular magnetic 
resonance imaging for accurate sizing of the left atrium: 
predictability of pulmonary vein isolation success in patients with 
atrial fibrillation. J Magn Reson Imaging 2011; 33: 455-63. 

[19]  Lønborg J, Vejlstrup N, Mathiasen AB, et al. Myocardial area at 
risk and salvage measured by T2-weighted cardiovascular magnetic 
resonance: reproducibility and comparison of two T2-weighted 
protocols. J Cardiovasc Magn Reson 2011;13:50. 



10     The Open Cardiovascular Imaging Journal, 2013, Volume 4 Agner et al. 

[20]  Thiele H, Kappl MJ, Conradi S, et al. Reproducibility of chronic 
and acute infarct size measurement by delayed enhancement-
magnetic resonance imaging. J Am Coll Cardiol 2006; 47: 1641-5. 

[21]  Sievers B, Kirchberg S, Addo M, et al. Assessment of left atrial 
volumes in sinus rhythm and atrial fibrillation using the biplane 
area-length method and cardiovascular magnetic resonance 
imaging with TrueFISP. J Cardiovasc Magn Reson 2004; 6:855-63. 

[22]  Therkelsen SK, Groenning BA, Svendsen JH, Jensen GB. Atrial 
and ventricular volume and function evaluated by magnetic 
resonance imaging in patients with persistent atrial fibrillation 
before and after cardioversion. Am J Cardiol 2006; 97: 1213-9. 

[23]  Hudsmith LE, Cheng AS, Tyler DJ, et al. Assessment of left atrial 
volumes at 1.5 Tesla and 3 Tesla using FLASH and SSFP cine 
imaging. J Cardiovasc Magn Reson 2007; 9: 673-9. 

 
Received: July 14, 2013 Revised: August 3, 2013 Accept: August 8, 2013 

© Agner et al.; Licensee Bentham Open. 
 

This is an open access article licensed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-
nc/3.0/), which permits unrestricted, non-commercial use, distribution and reproduction in any medium, provided the work is properly cited. 

 
 

 


