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Purpose: Spectral tissue Doppler-derived E/e’ ratio has been proposed as the best parameter
for prediction of atrial fibrillation (AF). Relaxation and contraction are equivalent parts of
a continuous cardiac cycle, where systolic and diastolic abnormalities have a variable
contribution to the left ventricle (LV) failure. The aim of this study was to investigate
whether the E/(e’xs’) ratio is a better index than E/e‘ to predict AF recurrence and to
determine the changes of spectral tissue Doppler indices 1 month after the electrical
cardioversion (ECV).
Patients and Methods: The study included 77 persistent AF patients with restored sinus
rhythm (SR) after ECV. Only patients with normal LV ejection fraction (EF) were included.
Echocardiography and NT-proBNP laboratory findings were performed. A primary outcome
was the early (within 1 month) recurrence of AF.
Results: After a 1 month follow-up period, 39 patients (50.6%) were in SR. E/e′ (HR=1.74,
P=0.001) and E/(e’×s’) ratios (HR=8.17, P=0.01) were significant predictors of AF recur
rence. E/(e’×s’) in combination with LV end-diastolic diameter >49.3 mm and NT-proBNP
>2000 ng/L demonstrated a higher contribution in the model to predict AF recurrence
compared to the E/e’ ratio (18.94, P=0.005 vs 1.95, P=0.001). On ROC analysis, E/(e’×s’)
and E/e′ showed similar diagnostic accuracy (E/(e’×s’), AUC=0.71, P=0.002 and E/e′,
AUC=0.75, P<0.0001). Average e‘ value significantly decreased after 1 month in SR
(from 10.76±1.24 to 8.96±1.47 cm/s, P=0.01), E wave did not change significantly and E/e
′ ratio tended to improve. A decrease of average e‘ and an increase of average s‘ values led to
significant improvement of E/(e’xs’) ratio.
Conclusion: E/(e’xs’) and E/e’ ratios are comparable to predict early AF recurrence after
ECV in patients with persistent AF. The e’ value decreased significantly after 1 month
follow-up period after ECV for persistent AF patients.
Keywords: diastolic function, E/(e‘xs‘), E/e‘, NT-proBNP, left ventricular end-diastolic
diameter
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Atrial fibrillation (AF) and heart failure with preserved ejection fraction (EF) often
coincide and are pathogenetically associated with each other, although the cause-effect
relationship has not been fully determined.1 The ratio of mitral peak early diastolic
filling velocity (E) to peak early diastolic mitral annular velocity (e’) estimated by
Doppler tissue imaging (E/e‘) is one of the four main echocardiographic variables for
diagnosing a diastolic dysfunction.2,3 In recent studies, a new Doppler index – the ratio
of E to e‘ multiplied by peak systolic mitral annular velocity (s’) derived by Doppler
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tissue imaging (E/(e‘xs’), is demonstrated to be superior to E/
e’, e’, s’, or E in sinus rhythm (SR) patients and has high
diagnostic accuracy, particularly in patients with intermedi
ate values for E/e’ ratio (8–15).4 Elevated E/e’ ratio and to
a lesser extent E/(e’xs’) have been confirmed as beneficial
predictors of new-onset AF, AF recurrence after electrical
cardioversion (ECV), and worse outcomes in patients with
various heart diseases.5–10 A comprehensive systematic
review by D. Kotecha reported that diastolic function indices,
particularly E/e’, are valid and reproducible in patients with
AF when the appropriate cardiac cycles are carefully
selected.11 Nevertheless, Park et al12 revealed in their small
study that E/e′ was significantly lower in AF compared with
SR during 1 month after ECV in the same patients. There is
limited data demonstrating how e‘ changes after SR restora
tion in AF patients and this information is useful to confirm
E/e‘ ratio constancy in AF patients.
The aim of this study was to investigate whether the E/
(e’xs’) ratio is a better index than E/e‘ to predict AF
recurrence and to determine the changes of spectral tissue
Doppler indices 1 month after the ECV for persistent AF
patients with normal left ventricular (LV) EF.

Patients and Methods
Study Population and Data Collection
This prospective study included 77 patients with persistent
AF scheduled for ECV in the Cardiology Department at
the Hospital of Lithuanian University of Health Sciences
Kaunas Clinics during the 24 months screening period.
Inclusion criteria were as follows: age>18 years,
AF>48 hours, proven indication to restore SR by ECV,
and obtained written informed consent. The exclusion
criteria were: refusal to participate in the study, relevant
medical history of present heart failure with preserved or
reduced EF, newly diagnosed significant LV dysfunction
(LV EF<35%), confirmed ischemic heart disease, severe
valvular heart disease, permanent pacing, and known other
diseases which could affect results of laboratory findings
(severe renal failure and liver disease, use of glucocorti
costeroids, any type of cancer, thyroid disorders).
A flowchart of patient selection is shown in Figure 1.
Primary outcome was the early (within 1 month) recur
rence of AF. According to that, patients were assigned into
two groups: those who maintained SR and those with
relapse of AF diagnosed by clinical manifestations
and ECG.
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This study was conducted in accordance with the
Declaration of Helsinki. The study protocol and a written
informed consent form were reviewed and approved by the
Kaunas Regional Biomedical Research Ethics Committee
(ref. number BE-10-4). Every patient signed an informed
consent form, which was provided to the patient with
sufficient time to read and ask questions prior to signing.

Biochemical Analyses
Blood samples were collected immediately before ECV for
all patients and repeated after 1 month in the case of SR
maintenance, centrifuged, and stored at –80°C until analysis.
The plasma N-terminal proatrial natriuretic peptide (NTproANP) concentrations were estimated using Human NTproANP ELISA Kit (Biomedica Immunoassay, Biomedica
Medizinprodukte GmbH & Co KG, Austria). N-terminal-pro
B-type natriuretic peptide (NT-ProBNP) concentrations were
estimated using NT-ProBNP ELISA Kit (PathFast, LSI
Medience Corporation, Japan). Following the Quality
Specifications for B-Type Natriuretic Peptide Assays recom
mendations provided by the Committee on Standardization
of Markers of Cardiac Damage of the IFCC the manufac
turer’s assay characteristics and results were recalculated
from original units to ng/L (1 nmol/L=12,700 ng/L for NTproANP and 1 pg/mL=1 ng/L for NT-proBNP).13 For the
evaluation of renal function, serum creatinine levels were
determined before ECV, and glomerular filtration rate was
evaluated according to the CKD-EPI equation.14

Electrical Cardioversion Procedure
ECVs were performed using a biphasic defibrillator with
energy selected on 200 J under short-term general sedation
with propofol after obtaining patients informed consent. If
SR was not restored, the ECV was repeated with increas
ing energy (by 100 J) up to three repetitions. The decision
of medical therapy was taken by a physician according to
the current European Society of Cardiology (ESC) guide
lines for the management of AF.15

Transthoracic Echocardiography
Two-dimensional echocardiography was performed within
24 hours after ECV for all patients and repeated 1 month
later in the case of successful SR maintenance using the
diagnostic ultrasound system (EPIQ 7, Phillips Ultrasound,
Inc. Washington, USA) by one investigator. All measure
ments were averaged over five cardiac cycles with simul
taneously obtained ECG. Two-dimensional measurements
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Screening group: 252 patients
with AF scheduled for ECV
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126 patients met inclusion criteria
and did not meet exclusion criteria

44 patients excluded after initial
tests:
•
•
•
•
•
•

82 patients enrolled in the study

thyrotoxicosis (n=3),
valvular AF (n=3),
thrombus in LA (n=1),
LV EF <35% during AF
(n=5),
spontaneous conversion
occurred until ECV (n=14),
planned cryoablation or
radiofrequency ablation for
treatment of AF in 1 month
period (n= 18).

5 patients did not completed the
study:
•
•

ECV was unsuccessful
(n=4),
Acute coronary syndrome
was confirmed within 1
month after ECV (n=1).

77 patients completed the study

Figure 1 A flowchart of patient selection.
Abbreviations: AF, atrial fibrillation; ECV, electrical cardioversion; LA, left atrium; LV EF, left ventricular ejection fraction.

were performed according to the recommendations of the
American Society of Echocardiography.16
Left atrium (LA) volumes were measured by the mod
ified Simpson’s disc summation method using apical fourand two-chamber views. LA maximum volume (Vmax) was
measured at the end-systolic frame, just before the opening
of the mitral valve. LA minimum volume (Vmin) was
measured at the end-diastolic frame, at the mitral valve
closure. Vmax was indexed to the body surface area to
derive the LA volume index (LAVI). Left ventricular EF
was assessed by the modified Simpson’s method. LA
emptying fraction (LAEF) was calculated using the fol
lowing equation (Vmax-Vmin)/Vmax×100.17
Mitral peak early (E) diastolic filling velocity was
recorded from the apical four-chamber view with 3-mm
PW Doppler sample volume placed between mitral leaflet
tips. Tissue Doppler imaging was performed in the apical
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four-chamber view with a 5-mm PW Doppler sample
volume at the lateral and septal basal regions. The peak
septal and lateral early diastolic (e′ wave) and the peak
systolic (s’ wave) mitral annular velocities were col
lected. The following ratios were calculated: E/e′ and E/
(e’xs’).3

Statistical Analysis
Statistical analysis was performed by IBM® SPSS®
Statistics 20 (Armonk, NY: IBM Corp., USA). All con
tinuous variables were assessed by the Kolmogorov–
Smirnov test and were normally distributed. They are
expressed as mean±standard deviation. The categorical
variables are expressed as absolute numbers (percentages).
Normally distributed continuous variables were compared
using independent-samples and paired-samples T-tests.
A Mann–Whitney rank sum test was used if data was not
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normally distributed. Categorical variables were compared
using the Chi-square test. Univariate binary logistic regres
sion was carried out to identify the risk factors associated
with AF recurrence and results are shown as a hazard ratio
(HR) with 95% confidence intervals (CI). Then we devel
oped two multivariate models using the potential con
founding factors. To minimize the problem of
collinearity, E wave and average e′ values were not
included, being already represented within the derived
ratios, and these derived ratios (E/e‘ and E/(e‘xs‘)) were
included in two separate models. Receiver-operating char
acteristic (ROC) analysis was used to determine optimal
cutoff values with corresponding sensitivity and specificity
of continuous variables for the prediction of AF recur
rence. A P-value<0.05 was considered significant.

Results
Clinical and Echo-Doppler
Characteristics
At 1-month follow-up period, 39 patients (50.6%) were in
SR. Patients with AF recurrence and maintained SR were
similar in relation to age, sex, used medications, concen
trations of natriuretic peptides, and cardiovascular risk
factors; however, more patients from the SR group had
diabetes mellitus (respectively, 9 (24.3%) vs 2 (5.3%),
P=0.02). More patients from the AF group had AF of
longer duration (respectively 5 (2–24) vs 13 (4–47)
months, P=0.04), however AF and SR groups did not
differ significantly regarding the duration of the current
AF episode. Baseline characteristics for the entire patients’
population are reported in Table 1.
Patients enrolled in the study had a moderate-to-severe
LA enlargement (maximum LAVI 52.86±10.47 mL/m2,
antero-posterior LA diameter 49.03±3.86 mm). No signif
icant difference in LAVI, cardiac dimensions, and LAEF
was detected between the SR and AF groups. Patients
from the AF group showed higher E wave (respectively,
E wave 103.03±15.93 vs 89.41±14.84 cm/s, P=<0.0001),
lower septal, lateral, and average e′ velocities (respec
tively, average e′ velocity 9.93±1.19 vs 10.76±1.24 cm/s,
P=0.004), and in turn higher septal E/e′ (respectively,
10.47±1.73 vs 8.49±2.03, P<0.0001) and E/(e’xs’) ratios
(respectively, 1.53±0.29 vs 1.29±0.37, P=0.003) when
compared with patients who remained in SR. Baseline
Echo-Doppler parameters of the study group are reported
in Table 2.
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Table 1 Baseline Characteristics of the Study Groups
Total Cohort

SR Group

AF Group

(n=77)

(n= 39)

(n=38)

P

Clinical characteristics
Age, years

63 ± 10

62±9

65±10

0.15

Males, n (%)

48 (62.3)

26 (66.7)

22 (57.9)

0.43

BMI, kg/m2

29.52±4.09

29.33±4.35

29.72±3.85

0.68

eGFR, mL/min/

69.45±15.71

65.50±14.96

72.84±15.74

0.06

AH, n (%)

64 (85.3)

32 (86.5)

32 (84.2)

0.78

Diabetes

11 (14.7)

9 (24.3)

2 (5.3)

0.02

Smokers, n (%)

13 (18.3)

7 (20)

6 (16.7)

0.72

AF history,

8 (2–37)

5 (2–24)

13 (4–47)

0.04

0.32

1.73m2

mellitus, n (%)

months
AF duration before ECV, n (%)
<3 months

37 (48.1)

22 (56.4)

15 (39.5)

3–6 months

21 (27.3)

9 (23.1)

12 (31.6)

6–12 months

19 (24.7)

8 (20.5)

11 (28.9)

First AF

35 (45.5)

20 (51.3)

15 (39.5)

0.29

episode, n (%)
Medical therapy, n (%)
Beta-blockers

70 (94.6)

33 (47.1)

37 (52.9)

0.28

ACEI or ARB

56 (75.7)

28 (77.8)

28 (73.7)

0.68

AAD

45 (60.8)

25 (55.6)

20 (44.4)

0.14

2304.48

2334.25

2274.71

0.87

±1570.65

±1570.39

±1592.59

59,324.88±

66,140.54±

53,645.15±

31,155.56

36,999.74

24,400.29

Biomarkers, ng/L
NT-proBNP
NT-proANP

0.12

Abbreviations: SR, sinus rhythm; AF, atrial fibrillation; n, number; BMI, body mass
index; eGFR, estimated glomerular filtration rate; AH, arterial hypertension; ECV,
electrical cardioversion; ACEI, angiotensin-converting enzyme inhibitors; ARB,
angiotensin II receptor blockers; AAD, antiarrhythmic drugs (Ic/III class); NTproBNP, N-terminal-pro B-type natriuretic peptide; NT-proANP, N-terminal proa
trial natriuretic peptide.

Changes of Echo-Doppler Parameters
within 1 Month After ECV
LV end-diastolic diameter (LVEDD) decreased from 51.02
±3.11 to 50.40±3.08 mm (P<0.0001) and LV EF increased
from 54.69±6.96 to 56.83±5.54% (P<0.0001) after 1 month
in SR. The LAVI decreased significantly after 1 month in SR
from 51.98±11.33 to 45.14±12.05 mL/m2 (P<0.0001), which
in turn improved significantly LAEF from 26.21±9.18 to
38.49±9.24% (P=0.01), whereas the antero-posterior LA
diameter remained unchanged. Septal e‘ and average e‘ sig
nificantly decreased after 1 month in SR, E wave was not
significantly different, and E/e′ ratio tended to improve dur
ing the follow-up, but the change remained statistically
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Table 2 Baseline Echo-Doppler Parameters of the Study Group
Total Cohort n=77

SR Group n= 39

AF Group n=38

P

LVEDD, mm
Left ventricular EF, %

50.52±3.50
54.92±8.31

51.02±3.11
54.69±6.96

50.00±3.83
55.16±9.60

0.23
0.82

Antero-posterior LA diameter, mm

49.03±3.86

48.93±4.09

49.14±3.67

0.82

Maximum LAVI, mL/m2
LAEF, %

52.86±10.47
25.07±8,56

51.98±11.33
26.21±9.18

53.79±9.55
23.86±7.81

0.47
0.25

E wave, cm/s

96.04±16.74

89.41±14.84

103.03±15.93

<0.0001

E-deceleration time, ms
Septal e′, cm/s

177.10±18.73
8.66±1.21

181.01±18.69
9.08±1.15

172.69±18.05
8.22±1.12

0.06
0.001

Lateral e′, cm/s
Average e′, cm/s

12.05±1.54
10.35±1.28

12.44±1.49
10.76±1.24

11.64±1.49
9.93±1.19

0.02
0.004

E/e′ ratio

9.46±2.12

8.49±2.03

10.47±1.73

<0.0001

Average s’, cm/s
E/(e’xs’) ratio

6.87±0.77
1.41±0.35

6.89±0.86
1.29±0.37

6.85±0.67
1.53±0.29

0.79
0.003

Abbreviations: SR, sinus rhythm; AF, atrial fibrillation; LVEDD, left ventricular end diastolic diameter; EF, ejection fraction; LA, left atrial; LAVI, left atrium volume index;
LAEF, left atrium emptying fraction; E, mitral peak early diastolic filling velocity; e’, peak early diastolic mitral annular velocity; s’, peak systolic mitral annular velocity; E/(e’x
s’), the ratio of mitral peak early diastolic filling velocity (E) to peak early diastolic mitral annular velocity (e’) multiplied by peak systolic (s’) mitral annular velocity derived by
Doppler tissue imaging.

Table 3 Echo-Doppler Parameters After 1 Month in SR Group
Baseline

Follow-Up

p

LVEDD, mm

51.02±3.11

50.40±3.08

<0.0001

Left ventricular EF, %

54.69±6.96

56.83±5.54

<0.0001

Antero-posterior LA diameter, mm
Maximum LAVI, mL/m2

48.93±4.09
51.98±11.33

45.93±6.87
45.14±12.05

0.12
<0.0001

LAEF, %

26.21±9.18

38.49±9.24

0.01

E wave, cm/s
E-deceleration time, ms

89.41±14.84
181.01±18.69

69.96±19.77
189.06±34.87

0.57
0.31

Septal e′, cm/s

9.08±1.15

7.32±1.25

0.003

Lateral e′, cm/s
Average e′, cm/s

12.44±1.49
10.76±1.24

10.60±1.83
8.96±1.47

0.05
0.01

E/e′ ratio

8.49±2.03

7.86±1.91

0.23

Average s’, cm/s
E/(e’xs’) ratio

6.89±0.86
1.29±0.37

7.58±0.76
1.04±2.78

0.001
0.02

Abbreviations: LVEDD, left ventricular end diastolic diameter; EF, ejection fraction; LA, left atrial; LAVI, left atrium volume index; LAEF, left atrium emptying fraction; E,
mitral peak early diastolic filling velocity; e’, peak early diastolic mitral annular velocity; E/e’, the ratio of mitral peak early diastolic filling velocity (E) to peak early diastolic
mitral annular velocity (e‘) by Doppler tissue imaging; s’, peak systolic mitral annular velocity; E/(e’xs’), the ratio of mitral peak early diastolic filling velocity (E) to peak early
diastolic mitral annular velocity (e’) multiplied by peak systolic (s’) mitral annular velocity derived by Doppler tissue imaging.

insignificant (from 8.49±2.03 to 7.86±1.91, P=0.23).
A decrease of average e‘ and increase of average s‘ values
led to significant improvement of E/(e’xs’) ratio (from 1.29
±0.37 to 1.04±2,78, P=0.02). All changes of echocardio
graphic parameters after 1 month in SR group are presented
in Table 3.

Predictors of AF Recurrence After ECV
Binary logistic regression analysis demonstrated that
LVEDD>49.3 mm, NT-proBNP>2000 ng/L, E wave, aver
age e′, E/e′, and E/(e’xs’) ratios were significant predictors
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of AF early recurrence after ECV. We developed multi
variate models using these potential confounding factors.
To minimize the problem of collinearity, E/e‘ and E/(e’xs‘)
were included in two separate models and E wave was not
included, being already represented within the both
derived ratios. Neither continuous nor categorical vari
ables of NT-proANP (expressed as percentiles or cut-off
value derived on ROC analysis) were not significantly
associated with AF recurrence in the binary logistic regres
sion. Multivariate analysis identified that E/(e’xs’) ratio
and E/e′ ratio in combination with LVEDD>49.3 mm and
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NT-proBNP>2000 ng/L are able to predict early AF recur
rence after ECV in 74% and 79% of cases, respectively.
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A Comparison Between E/(e’ x s’) and E/
e’ Ratios to Predict AF Recurrence After
ECV
E/(e’xs’) ratio demonstrated a higher contribution in the AF
recurrence prediction model compared to E/e’ ratio (for E/
(e’xs’) ratio, HR=18.94, 95% CI=2.39–149.66, P=0.005; for
E/e’ ratio, HR=1.95, 95% CI=1.31–2.91, P=0.001).
Univariate and multivariate analyses concerning the vari
ables which predicted the AF recurrence are shown in
Table 4. On ROC analysis, E/(e’xs’) ratio and E/e′ ratio
were found to have the largest areas under the curve (AUC)
(E/(e’xs’) ratio, AUC=0.71, P=0.002; and E/e′ ratio,
AUC=0.75, P<0.0001), with an optimal E/(e’xs’) ratio cutoff value of 1.15 (sensitivity 97%, specificity 58%) and an E/
e′ ratio value of 8.79 (sensitivity 89%, specificity 41%) for
predicting early recurrence of AF after ECV. All ROC curve
analysis of independent echocardiography parameters for the
prediction of AF early recurrence after ECV are presented in
Table 4 Logistic Regression Analysis, Hazard Ratio for Risk of
AF Early Recurrence After ECV
A. Univariate Models
Variables

Hazard Ratio

95% CI

P

E/(e’xs’) ratio

8.17

1.57–42.4

0.01

LVEDD>49.3, mm

3.70

1.29–10.58

0.02

NT-proBNP>2000, ng/L
E/e′ ratio

3.28
1.74

1.01–10.71
1.27–2.39

0.04
0.001

E wave, cm/s

1.06

1.02–1.11

0.002

Average e′, cm/s

0.58

0.36–0.91

0.02

B. Multivariate Models
Model 1 (Overall Percentage=74%, Nagelkerke R Square-0.34)
E/(e’×s’) ratio
LVEDD>49.3, mm

18.94
5.54

2.39–149.66
1.58–19.39

0.005
0.007

NT-proBNP>2000, ng/L

4.17

1.10–15.72

0.04

Model 2 (Overall Percentage=9%, Nagelkerke R Square=0.43)
LVEDD>49.3, mm
NT-proBNP>2000, ng/L

6.22
4.08

1.69–22.95
1.06–15.73

0.006
0.04

E/e′ ratio

1.95

1.31–2.91

0.001

Abbreviations: CI, confidence interval; E/(e’xs’), the ratio of mitral peak early
diastolic filling velocity (E) to peak early diastolic mitral annular velocity (e’) multi
plied by peak systolic (s’) mitral annular velocity derived by Doppler tissue imaging;
LVEDD, left ventricular end diastolic diameter; NT-proBNP, N-terminal-pro B-type
natriuretic peptide; E/e‘, the ratio of mitral peak early diastolic filling velocity (E) to
peak early diastolic mitral annular velocity (e’) by Doppler tissue imaging; E, mitral
peak early diastolic filling velocity; e’, peak early diastolic mitral annular velocity.

1922

Powered by TCPDF (www.tcpdf.org)

submit your manuscript | www.dovepress.com

DovePress

Table 5. Figure 2 shows the ROC curves for the prediction of
early (at 1 month) recurrence of AF.

Discussion
The key findings of this report are three-fold:
1. E/(e’xs’) and E/e‘ ratios are possible predictive
factors of early AF recurrence after ECV.
2. Complex assessment of NT-proBNP level and
LVEDD increases prediction ability of early AF
recurrence of E/(e’xs’) ratio almost 3-fold, whereas
E/e‘ power remains unchanged.
3. Value of e‘ and derived ratios to identify diastolic
dysfunction in patients with AF is questionable.
The LA size is considered as one of the key parameters to
determine the risk of AF recurrence after SR restoration
procedures.7,18,19 Recent studies revealed that impaired LA
function can be a more valuable predictor of possible AF
recurrence compared to structural LA enlargement
alone.19,20 Nevertheless, in our study population, we did
not notice any significant differences of LAVI and LAEF
between SR and AF groups. This could be explained by the
fact that LAVI values in our study tended to be higher
compared to studies which confirmed LAVI prognostic
value for AF recurrence (LAVI of total cohort 52.86
±10.47 mL/m2).7,18,19 Fornengo et al5 also demonstrated
that LAVI and total LAEF failed in predicting the risk of
AF recurrence in patients with moderate-to-severe LA
enlargement (LAVI ≥34 mL/m2). Our results illustrate that
the LAVI and LAEF also did not provide supplementary
information to indices of diastolic function parameters.
The LA emptying pattern is strongly influenced by the
LV filling pressures. Diastolic LV dysfunction over time
can lead to progressive LA enlargement, gradually
decreased LA function, and electrical instability.21
According to this assumption, LV diastolic dysfunction
may play a pivotal role in the development and mainte
nance of AF. In the present study, high E/e‘ and low e‘
values were significantly associated with AF recurrence,
which is in line with the previous reports.5–7
Relaxation and contraction are equivalent parts of
a continuous cardiac cycle, where systolic and diastolic
abnormalities have a variable contribution to the LV
impairment.22 The E/(e’xs’) ratio combines an index of dia
stolic function (E/e’) and a marker of LV systolic function
(s’). It revealed a good correlation with invasively measured
LV end-diastolic pressure regardless of LV EF and present
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Table 5 ROC Curve Analysis of Echocardiography Parameters for the Prediction of AF Early Recurrence After ECV
Parameters

Cutoff Value

Sensitivity (%)

Specificity (%)

AUC

P

E wave, cm/s
Average e′, cm/s

96.00
10.13

70
65

30
33

0.71
0.67

0.001
0.01

E/e′ ratio

8.79

89

41

0.75

<0.0001

E/(e’×s’) ratio

1.15

97

58

0.72

0.002

Abbreviations: ROC, receiver operating characteristic; AUC, area under the curve; E, mitral peak early diastolic filling velocity; e’, peak early diastolic mitral annular
velocity; E/e’, the ratio of mitral peak early diastolic filling velocity (E) to peak early diastolic mitral annular velocity (e‘) by Doppler tissue imaging; E/(e’xs’), the ratio of mitral
peak early diastolic filling velocity (E) to peak early diastolic mitral annular velocity (e’) multiplied by peak systolic (s’) mitral annular velocity derived by Doppler tissue
imaging.

regional dysfunction.23 Previous studies demonstrated the
usefulness of the E/(e’xs’) ratio to predict new-onset AF
and AF recurrence after ECV.8,10 Univariate and multivariate
analysis of our data showed that the E/(e’xs’) ratio was
a significant predictor of early AF recurrence after ECV and
demonstrated higher hazard ratios than E/e’ ratio. ROC ana
lysis revealed that AUCs of E/(e’xs’) and E/e′ ratios were
similar: AUC=0.71 and AUC=0.75, respectively. he TAUC
of the E/(e’xs’) ratio showed slightly better sensitivity and
specificity than the AUC of the E/e′ ratio (sensitivity 97% for
E/(e’xs’) compared to 89% for E/e’ and specificity 58% for
E/(e’xs’) compared to 41% for E/e’). Regarding out study the
prediction accuracy of the E/(e’xs’) ratio for AF recurrence
was comparable to the E/e’ ratio, whereas Ari et al10 demon
strated an obvious advantage of E/(e’xs’) to predict shortterm recurrence of AF after ECV comparing to the E/e’ ratio.
Larger studies are required to be performed to verify the

superiority of E/(e’xs’) ratio against conventional echocar
diographic variables for diagnosing a diastolic dysfunction in
AF patients.
Many clinical factors, such as preprocedural natriuretic
peptides levels, inflammatory factors, various echocardio
graphic measures of LA morphology and function were
investigated as possible predictors of AF recurrence.
Regarding controversial results and the heterogenecity of
the patient population that suffer from AF there is no
single predictor of AF recurrence to optimize patients’
selection for SR restoration by ECV. In our study baseline
preprocedural NT-proBNP level alone had no prognostic
value, differently from what has been recently confirmed
by the two meta-analyses.24,25 AF by itself is related to
increased levels of plasma natriuretic peptides and signifi
cant reduction or normalization is observed after the rever
sion to SR.26,27 Latest studies revealed that BNP levels

Figure 2 ROC curves for the prediction of early (within 1 month) recurrence of AF.
Abbreviations: ROC, receiver operating characteristic; AF, atrial fibrillation; E, mitral peak early diastolic filling velocity; E/e’, the ratio of mitral peak early diastolic filling
velocity (E) to peak early diastolic mitral annular velocity (e‘) by Doppler tissue imaging; E/(e’xs’), the ratio of mitral peak early diastolic filling velocity (E) to peak early
diastolic mitral annular velocity (e’) multiplied by peak systolic (s’) mitral annular velocity derived by Doppler tissue imaging.
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were significantly positively related to E/e’ in heart failure
with preserved EF patients.28 Analysis of our data demon
strates that complex evaluation of diastolic function com
bining NT-proBNP levels and echocardiographic variables
have better prognostic value compared to each component
considered separately. Complex evaluation increased the
contribution of E/(e’xs’) ratio to predict AF recurrence
from HR=8.17 in univariate analysis to HR=18.94 in the
complex model, whereas the E/e’ ratio contribution
remained similar: HR=1.74 in univariate analysis and
HR=1.95 in the model.
In patients with AF, the cut-off values of Doppler assess
ment of LV diastolic function is almost the same as in
patients with SR.3 However, previous studies stated incon
sistent results show tissue Doppler velocities changes after
ECV. Melek et al29, found no significant changes in e’
velocities 1 month after ECV, in comparison, Fung et al30
demonstrated the increasement of e’ in 1 month following
ECV. In our study, septal, lateral, and average e’ decreased,
whereas E/e’ increased, but the change remained statistically
insignificant. This result is similar to the findings of Park
et al,12 where e’ was significantly higher in AF compared
with during SR in the same patients. Restoration of atrial
mechanical contraction following ECV improved LV systolic
function, assessed by s’, and together had a larger impact on
LV function assessed by E/(e’xs’) ratio that statistically sig
nificantly improved. These findings suggest that the e’ and
derived ratios that include spectral tissue Doppler variables
might be inaccurate and should be used with caution in order
to identify diastolic dysfunction in patients with AF. The
latest systematic review by Nauta et al31 also revealed that
E/e’ showed the best, albeit modest correlation with invasive
measurements of elevated LV filling pressure.

Limitations
The present study has several limitations. First, it was
a single-center study with a relatively small number of
patients. Second, we chose to perform echocardiography
within 24 hours after ECV in regular R-R intervals of SR,
thus obviously limiting the clinical implications of our
findings on the everyday clinical practice, when routine
echocardiography is not performed to patients with AF.
Third, our results can be limited by a relatively short
follow-up period of 1 month, which can result in less
significant results. And, finally, patients with reduced left
ventricular ejection fraction were not included in our
cohort and we did not compare the results between certain
groups of patients according to their left ventricular

1924

Powered by TCPDF (www.tcpdf.org)

submit your manuscript | www.dovepress.com

DovePress

ejection fraction. Larger studies with a longer follow-up
period are needed to be performed to establish our initial
results for certain groups of patients.

Conclusion
E/(e’xs’) and E/e’ ratios are comparable to predict early
AF recurrence after ECV in patients with persistent AF.
In the AF recurrence prediction model, which included
a higher NT-proBNP level, larger LVEDD, and spectral
tissue Doppler-derived ratios, E/(e’xs’) ratio demonstrated
a higher contribution compared to the E/e’ ratio. The e’
decreased significantly within 1-month after ECV for per
sistent AF patients with normal LV EF. Thus, the value of
e‘ and derived ratios to detect diastolic dysfunction in
patients with AF are questionable.
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