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Natriuretic Peptide Concentrations  
and Echocardiography Findings in Patients 
with Micro-atrial Fibrillation

Aim	 Atrial fibrillation (AF) is a rhythm disorder characterized by very rapid and disorganized atrial-derived 
electrical activations with uncoordinated atrial contractions. Very short periods of AF-like activity 
(micro-AF) may be precursors of undetected, silent episodes of atrial fibrillation. Here, we examined 
the relationship between natriuretic peptide concentrations and echocardiography findings in patients 
with micro-AF.

Material and methods	 The electrocardiograms (ECGs) of patients complaining of palpitations were recorded with a 24‑hour 
Holter monitor, and the patients were consecutively included in the study. Micro-AF was defined 
as sudden, irregular atrial tachycardia lasting less than 30 sec with episodes of ≥5 consecutive 
supraventricular depolarizations with the absolute absence of p-waves. After a G-power test, patients 
were consecutively included in the study: 45 patients in the micro-AF group and 45 patients in 
the  control group. Laboratory parameters, ECG and echocardiographic findings of the two groups 
were compared.

Results	 N-terminal pro B-type natriuretic peptide (Pro-BNP) and serum troponin T concentrations were 
higher in the micro-AF group, (375.5±63.6 pg / ml vs. 63.1±56.8 pg / ml, p<0.001; 13±11.4 ng / dl vs. 
4.4±2.4 ng / dl, p<0.001 respectively.) Each 1 pg / ml increase in serum Pro-BNP increased the risk of 
micro-AF by 1.8 %. In the ROC analysis, the cut-off value of Pro-BNP for the diagnosis of micro-AF 
was 63.4 pg / ml, with a sensitivity of 91.1 % and a specificity of 73.3 %. Atrial electro-mechanical delay 
durations were significantly higher in the micro-AF group. To predict micro-AF, the inter-annulus 
plane electromechanical delay time (inter-annulus plane AEMD) had a cut-off value of 18.5 sec, with 
a sensitivity of 93.3 % and a specificity of 91.1 %. Left intra-annulus plane electro-mechanical delay 
time (intra-annulus AEMD LEFT) had a cut-off value of 11.5 sec with a 95.6 % sensitivity and 75.6 % 
specificity. In the ECG evaluation, maximum P wave duration (Pmax) (113.±10.2 ms vs. 98±10.4 ms; 
p<0.001), minimum P wave duration (Pmin) (73.8±5.5 ms vs.70±6.3 ms; p<0.001) and P wave 
dispersion (PWD) (39.1±7.9 ms vs.28±7.6 ms; p<0.001) were longer in the micro-AF group.

Conclusions	 Micro-AF in patients may be predicted by evaluating ECG, echocardiographic, and serum natriuretic 
peptide data.
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natriuretic peptide
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Introduction
Atrial fibrillation (AF) is a cardiac rhythm disorder 

characterized by very rapid and irregular depolarizations of 
the atria and irregular activation of the ventricles [1]. Surface 
electrocardiography (ECG) shows irregular R-R intervals 
(when atrioventricular conduction is not impaired), absence 
of prominent, repetitive P waves, and irregular, fast AF waves 
[2]. AF is the most common rhythm disorder in clinical 
practice [3]. While AF is seen in 3 % of adults, this rate 
increases to 4.8–17 % in the elderly and up to 79 % in mitral 
valve patients [4]. As the elderly population increases, the 
total number of patients diagnosed with AF also increases. 

Clinically, symptomatic or asymptomatic AF is documented 
by ECG. The minimum duration of ECG monitoring 
required to make a clinical diagnosis of AF is at least 30 sec or 
the entire 12‑lead ECG.

Atrial fibrillation is common in patients with hypertensive 
heart disease and coronary artery disease. In developing 
countries, the frequency of AF has increased due to 
the increased incidence of rheumatic mitral valve disease [4]. 
Heart failure, acute myocardial infarction, cardiomyopathies, 
myocarditis, congenital heart disease, post-cardiac surgery, 
and Wolf Parkinson  – White Syndrome are other cardiac 
conditions that increase the frequency of AF [5]. Advanced 
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patient age, excessive alcohol consumption, diabetes 
mellitus (DM), obesity, chronic kidney failure, hyper
thyroidism, chronic obstructive pulmonary diseases, sleep 
apnea syndrome, smoking, and genetic factors are non-
cardiac factors that increase the frequency of AF [6]. Micro-
AF is observed as brief, rapid, irregular atrial activity on ECG 
or rhythm recorders. Micro-AF describes the abrupt onset 
of irregular tachycardia attacks with ≥5 consecutive episodes 
of supraventricular beats lasting less than 30 sec that do 
not meet the criteria for clinical definition of AF and with 
complete absence of P waves.

In a long-term, randomized, controlled atrial fibrillation 
screening study conducted in Sweden, the risk of developing 
AF was higher patients with micro-AF than in those without 
micro-AF [7]. When patients with and without micro-
AF (the  subgroups of the  STROKESTOP trial [7]), were 
recalled after two weeks of follow-up, AF was observed in 
26 of 196 patients in the micro-AF group and only in 7 out 
of 250 patients in the control group [8]. Otherwise healthy 
patients with supraventricular tachycardia attacks longer 
than 20 beats and supraventricular ectopic beats greater than 
30 beats per hour were followed for an average of 6.3 years 
in healthy individuals by Binici et al [9]. Compared to 
the control group, patients with supraventricular tachycardia 
or supraventricular ectopic beats had an increased frequency 
of atrial fibrillation and stroke.

In the  current cardiology guidelines, there are no clear 
recommendations for the  management of patients with 
micro-AF. All the cited studies show the importance of early 
recognition of micro-AF patients and starting anticoagulant 
and antiarrhythmic treatment to preventing stroke due to 
atrial fibrillation. In many studies, prolonged inter-annulus 
plane electromechanical delay time (AEMD) durations and 

increased natriuretic peptide concentrations were found 
in patients with AF [10]. However, there are few studies in 
the  literature on patients with micro-AF. In this study, we 
aimed to examine the  relationship between natriuretic 
peptide concentrations and echocardiographic findings in 
patients with micro-AF.

Material and methods
Study population

Patients who presented to the  Cardiology Polyclinic of 
Tekirdağ Namık Kemal University Hospital between June 
2021 and October 2022 with the  complaint of palpitation 
and were fitted with a 24‑hour rhythm Holter monitor and 
were consecutively included in the study. A G-power analysis 
indicated that there should be 45 patients in the micro-AF 
group and 45 patients in the control group.

Following 24‑hour rhythm Holter analysis, patients with 
micro-AF were included in Group 1, and patients with no 
supraventricular tachycardia attacks in their Holter records 
were included in Group 2, the  control group. The  study 
was conducted according to the  principles outlined in 
the Declaration of Helsinki and approved by the local ethics 
committee.

Patients included in the  study were over 18 yrs of 
age, without heart failure or heart valve disease, and were 
diagnosed with micro-AF following 24‑hour rhythm 
Holter monitoring. Patients who were diagnosed with 
paroxysmal AF following Holter monitoring, who used oral 
anticoagulants or warfarin before monitoring, and patients 
with structural valve disease, heart failure, thyroid hormone 
disorder, or severe coronary artery disease were excluded 
from the study. The medical histories of all patients included 
in the  study were recorded, including their age, gender, 
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presence of hypertension, DM, peripheral artery disease, 
previous history of coronary artery disease, or previous 
history of cerebrovascular disease.

Detailed physical examinations were performed. 
The BMI was calculated by dividing weight in kilograms by 
height in metres squared. ECG and echocardiography was 
performed on all patients. All blood samples were taken after 
a 12 hr fast following the Holter monitoring..

The  presence of hypertension was defined as systolic 
blood pressure >140 mmHg or diastolic blood pressure 
>90 mmHg, or by the patient using blood pressure- lowering 
medication. The  presence of DM was defined as a fasting 
blood glucose level of 126 mg / dl, a spot blood glucose level 
of 200 mg / dl, and / or using oral antidiabetic medication 
and / or insulin. The  presence of peripheral artery disease 
was defined as the presence of plaque in an artery other than 
the coronary arteries, with or without stenosis, as identified 
by an imaging method. The  presence of coronary artery 
disease was defined by imaging coronary disease by invasive 
coronary angiography or by coronary computed tomography 
angiography. The  history of cerebrovascular disease was 
defined as the presence of a previously diagnosed transient 
ischemic attack, stroke, or intracranial hemorrhage.

Transthrocacic Echocardiography
Echocardiography was performed on all patients in 

the  lateral decubitus position with a Siemens Acuson 
SC2000 echocardiography device (Siemens Medical 
Solutions USA, Inc.) with single-lead ECG monitoring. 
For the  tissue Doppler echocardiographic examination, 
a  transducer with a frequency of 3.5–4.0 MHz was used. 
The  monitor flow velocity was set to 50–100 mm / sec. In 
an apical 4‑chamber view, a 3 mm sample volume pulse 
wave Doppler was positioned at the mitral leaflet tips, and 

the  peak E and A waves were measured. Tissue Doppler 
imaging (TDI) was performed in the apical 4‑chamber view 
at the septal and lateral mitral, tricuspid valve annulus, and 
atrial walls. The time interval between the start of the P wave 
on the ECG to the start of the late diastolic wave (Am) was 
assessed for atrial electromechanical delay (AEMD) from 
the  atrial wall and valve annulus levels (Figure 1). AEMD 
durations were identified as follows: lateral mitral annulus 
(mitral lateral AEMD), medial mitral annulus (mitral medial 
AEMD), lateral tricuspid annulus (tricuspid lateral AEMD), 
lateral left atrium wall (LA lateral AEMD), interatrial septum 
(LA medial AEMD) and lateral right atrium wall (RA lateral 
AEMD).

The  differences between the  following time intervals, 
respectively, were expressed as: inter-atrial electromechanical 
delay time (inter-AEMD) = LA lateral wall AEMD  – RA 
lateral wall AEMD. Inter-annulus plane electromechanical 
delay time (inter-annulus plane AEMD) =mitral lateral 
AEMD  – tricuspid lateral AEMD. Left intra-atrial electro
mechanical delay time (intra-AEMD LEFT) =LA lateral 
wall AEMD–LA medial wall AEMD. Left intra-annulus 
plane electromechanical delay time (intra-annulus AEMD 
LEFT) = mitral lateral AEMD  – mitral medial AEMD. 
Right intra-atrial electromechanical delay time (intra-
AEMDRIGHT) = LA medial wall AEMD  – RA lateral 
wall AEMD. Right intra-annulus plane electromechanical 
delay time (intra-annulus AEMDRIGHT) = mitral medial 
annulus AEMD – tricuspid lateral annulus AEMD.

Measurement of P-wave duration and P-wave dispersion
12 lead ECGs of all patients were taken in the  supine 

position (EDAN SE-601 PC ECG system, EDAN 
Instruments, Inc., China). ECG recording speed was 
standardized as 50 mm / sec and amplitude as 20 mm / mV. 
Measurement values were calculated by taking the  average 
of three consecutive waves recorded in each lead. The point 
where the P wave left the isoelectric line of the first deflection 
and intersected with the isoelectric line again was accepted 
as the duration of the P wave. The maximum P wave duration 
(Pmax) was measured as the duration of the longest P wave 
in any of the  12 leads, and the  minimum P wave duration 
(Pmin) was measured as the  shortest P wave duration in 
any of the 12 leads. The time between Pmax and Pmin was 
recorded as P wave dispersion (PWD).

Statistical Analysis
All patient data were analyzed using the  SPSS 27.0 

statistics package (SPSS Inc, Chicago, III, USA). Conti
nuous variables with a normal distribution are reported 
as mean±standard deviation (SD), and non-normally 
distributed continuous variables are presented as median 
(interquartile range [IQR])) Categorical variables are 

Figure 1. Measuring left atrium lateral wall atrial 
electromechanical delay (83 ms) by echocardiography 
with accompanied by electrocardiography monitoring
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reported as percentages and numbers. The  student’s 
t-test was used to compare means of normally distributed 
data, and the  Mann-Whitney U test was to compare non-
normally distributed data. Categorical variables were 
compared using the Chi-square test or Fisher’s exact test as 
appropriate. Univariate and multivariate logistic regression 
analyses were used to determine significant factors affecting 
micro-AF status. The  sensitivity and specificity of the  Pro-
BN levels and the  AEMD durations to predict micro-
AF were analyzed by receiver operating characteristics 
(ROC) analysis. Pearson statistical correlation analysis was 
performed to evaluate the relationship between LA diameter 
and inter-annulus plane AEMD. P values less than 0.05 were 
considered significant.

Results
This prospective study enrolled a total of 90 consecutive 

patients. Baseline characteristics of the  patients are 
summarized in Table 1. In Group 1, stroke rates and 
CHA2DS2‑VASc scores were significantly higher [11]. 
Pro-BNP and troponin T were significantly higher in 
group 1 (375.5±63.6 pg / ml vs. 63.1±56.8 pg / ml, p<0.001; 
13±11.4 ng / dl vs. 4.4±2.4 ng / dl, p<0.001), respectively. 
There was no difference between the  two groups in terms 
of other demographic data and biochemical parameters. 
B-blocker use was higher in Group 1.

Electrocardiographic examinations showed that 
the  maximum and minimum durations of the  p wave 
and the dispersion of the p wave were longer in Group 1 
(Table  2). Echocardiographic examinations showed 
that the LA diameters were larger and that the durations 
measured by tissue Doppler from the  valve annulus and 
atrial walls were longer in Group 1. Also, in Group 1, tissue 
Doppler measurements from all regions showing diastolic 
dysfunction had low e’ wave and high E / e’ ratios (Table 3).

In the  ROC analysis the  inter-annulus plane AEMD 
predicted micro-AF with a cut-off value of 18.5 ms with 
a sensitivity of 93.3 % and a specificity of 91.1 % (area 
under the  curve (AUC) =0.977; 95 % confidence interval 
(CI) 0.953–1.000, p<0.001). The  left intra-annulus plane 
electromechanical delay time (intra-annulus AEMD LEFT) 
predicted micro-AF with a cut-off value of 11.5 ms and 
a 95.6 % sensitivity and 75.6 % specificity (AUC=0.921; 
95 % CI 0.866–0.976, p<0.001). The  ROC analysis of Pro-
BNP and P max values for predicting micro-AF were as 
follows: Pro-BNP cut-off ≥63.4 pg / ml, AUC: 0.860; 95 % CI 
(0.783–0.936) with 91.1 % sensitivity and 73.3 % specificity, 
p<0.001; P max cut-off ≥102.5 ms, AUC: 0.852; 95 % CI 
(0.773–0.931)) with 80 % sensitivity and 73.3 % specificity, 
p<0.001.

When the  P max value increased by 1 ms, the  risk of 
micro-AF increased by 15.7 % (odds ratio (OR) = 1.15 95 % 

CI (1.086–1.231). When the PRO-BNP value increased by 
1 unit, the risk of micro-AF increased by 1.8 % (OR=1.01; 
95 % CI (1.009–1.028). In the micro-AF group, a positive, 
weak, and statistically significant correlation was found 
between LA diameter and inter-annulus plane AEMD 
(r=0.324; p=0.030). In multivariate logistic regression 
analysis, LA, P max, Pro-BNP, intra-annulus plane 
AEMD RIGHT were independent predictors of micro-AF, 
(OR=2.62; 95 % CI (1.490–4.628), p=0.001; OR=1.29; 
95 % CI (1.107–1.522), p=0.001; OR=0.97; 95 % CI 
(0.963–0.993), p=0.004; OR=0.79; 95 % CI (0.664–0.945, 
p=0.01, respectively.

Discussion
The  results of this study showed that, while troponin 

T, Pro-BNP levels were higher in the  micro-AF group, 
Pmax, Pmin, and PWD durations were longer. In 
the echocardiographic evaluation, LA diameters were larger 
and electromechanical delay times were longer in all foci 
of the tissue Doppler, and stroke rate was more frequent in 
the micro-AF group.

Table 1. Baseline characteristics of the study participants

Characteristic Group 1, 
Micro-AF

Group 2, 
Control

p 
value

Age (yrs) 62.8±8.2 60.3±10 0.273
Body mass index (kg / m2) 29.7±4.3 28.7±5.1 0.228
Male 22 (48.9) 23 (51.1) 0.833
Diabetes 13 (28.9) 12 (26.7) 0.814
Hypertension 34 (75.6) 28 (62.2) 0.172
Coronary artery disease 8 (17.8) 9 (20) 0.788
Stroke 23 (51.1) 6 (13.3) <0.001
CHA2DS2-VASc Score 3 (0-6) 2 (0-6) 0.004

Laboratory parameters
Creatinine (mg/dl) 0.8±0.2 0.7±0.1 0.390
Hemoglobin(g/dl) 13.3±1.5 13.5± 1.7 0.125
Pro-BNP(pg/ml) 375.5±63.6 63.1±56.8 <0.001
ANP(ng/ml) 160.1±8.4 152±7.9 0.789
Troponin T(ng/dl) 13±11.4 4.4±2.4 <0.001
CRP(mg/l) 3.02±2.6 4.2±13.1 0.190
TSH 1.52±1.15 1.81±0.94 0.071

Medication use
ACEI 9 (20) 16 (35.6) 0.099
ARB 20 (44.4) 11 (29.3) 0.076
βeta-Blocker 23 (51.1) 9 (20) 0.002
Ca–channel blocker 9 (20) 10 (22.2) 0.796

Diuretic 22 (48.9) 13 (28.9) 0.052

Oral antidiabetic 13 (28.9) 11 (24.4) 0.634
Insulin 6 (13.3) 3 (6.7) 0.292
Statin 13 (28.9) 9 (20) 0.327
Data are mean±SD or number (percent). ACE-I, angiotensin-
converting enzyme inhibitors, ARB, angiotensin receptor blocker; 
TSH, thyroid stimulating hormone; Pro-BNP, B-type natriuretic 
peptide precursor, ANP; atrial natriuretic peptide.
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The  term micro-AF, as used in this study, refers to 

≥5  consecutive episodes of supraventricular beats during 
less than 30 sn and sudden onset, irregular atrial activity 
with the  complete absence of P waves in ECG or rhythm 
recording devices. Current guidelines do not include clear 
treatment recommendations for micro-AF, so treatment 
recommendations for this patient group have remained 
at the  level of expert opinion. When these patients were 
followed up for a long time, it was observed that permanent 
AF developed more frequently than healthy people [12]. 
Thus, it is important to find ways to early detect additional 
risk factors for the  development of AF in these patients 
along with long-term follow-up by comparing AF patients 
with the healthy population. The present prospective study 
addressed this problem by investigating natriuretic peptide 
concentrations and echocardiography findings in patients 
with micro-AF.

Although atrial fibrillation is more common in men in 
all age groups, the  number of men and women with atrial 
fibrillation is equal [12]. In our study, the  patient group 
(n=45) consisted of 23 females (51.1 %) and 22 males 
(48.9 %) There was no significant difference in terms of 
gender in the  micro-AF and control groups. Apart from 
stroke, the groups were similar in terms of other risk factors. 
The  reason why CHA2DS2‑VASc scores were higher in 
Group 1 in our study was that the number of patients who 
had a stroke was higher in the  micro-AF group. The  two 
groups were similar in terms of other risk factors. While 
23 patients (51.1 %) in the micro-AF group had a history of 
previous ischemic stroke, 6 patients (13.3 %) in the control 
group had a history of previous ischemic stroke.

Pro-BNP is a biomarker of volume overload and myo
cardial distension. Pro-BNP plays an important role in 
cardiovascular remodeling, volume homeostasis, and ische
mia response. Previous studies have described the  relatio
nship between circulating NT-pro BNP and the  risk of 
developing AF, and, thus, provided evidence of the value of 
NT-pro -BNP measurements to predict AF [10].

In a study by Richards et al, patients with AF were found 
to have a statistically significant increase in Pro-BN when 
compared to patients without AF and patients with AF 
at Pro-BNP in patients who presented to the  emergency 
department with shortness of breath (p<0.001) [10]. In 
another study by Ellinor et al., when 150 patients with AF 
alone were compared with the  control group, Pro-BNP 
concentrations were found to be significantly higher in 
patients with AF (166 vs. 133 fmol / ml, p=0.003) [13, 14].

Atrial natriuretic peptide (ANP) is a cardiac hormone 
with pleiotropic cardiovascular and metabolic properties, 
including vasodilation, natriuresis, and suppression of 
the  renin-angiotensin-aldosterone system [15]. Plasma 
ANP concentrations increase secondary to volume overload 

Table 2. Comparison of electrocardiographic 
and echocardiographic data

Variable Group 1, 
Micro-AF

Group 2, 
Control

p  
value

Pmax (ms) 113±10.2 98±10.4 <0.001

Pmin (ms) 73.8±5.5 70±6.3 0.009

PWD (ms) 39.1±7.9 28±7.6 <0.001

LVEF (%) 61.6±4.8 61.5±5 0.934

LA (mm) 35.9±1.3 34.6±1.7 <0.001

E (cm/s) 0.76±0.1 0.74±0.1 0.683

Mitral lateral AEMD (ms) 108.4±9.6 89±6.5 <0.001

Mitral medial AEMD (ms) 92.4±7.9 79.1±6.7 <0.001

Tricuspid lateral  
AEMD (ms) 82.7±6.7 74.8±6.5 <0.001

LA lateral AEMD (ms) 98.7±7.9 83.6±6.1 <0.001

LA medial AEMD (ms) 85.3±6.4 75.5±6. <0.001

RA lateral AEMD (ms) 76.9±6 70.7±6.25 <0.001

Inter-AEMD (ms) 22±5.9 12.7±3 <0.001

Inter-annulus  
plane AEMD (ms) 25.8±5.6 14.1±3.3 <0.001

Intra-AEMD LEFT (ms) 13.9±5.3 8.1±2.4 <0.001

Intra-annulus plane AEMD 
LEFT (ms) 16±3.6 9.8±2.7 <0.001

Intra-AEMDRIGHT (ms) 8.1±2.9 4.6±1.5 <0.001

Intra-annulus plane 
AEMDRIGHT (ms) 9.6±3.1 4.3±1.3 <0.001

Data are mean±SD. LA, left atrium;  
RA, right atrium; AEMD, atrial electromechanical delay.

Table 3. Univariate and multivariate logistic regression 
analysis of the independent predictors of micro-AF

Variable
Univariate analysis Multivariate analysis

OR (95% CI) p 
value OR (95% CI) p 

value

Pmax (ms) 1.15  
(1.086-1.231) <0.001 1.29  

(1.107-1.522) 0.001

Pmin (ms) 1.11  
(1.035-1.206) 0.005 0.79  

(0.627-1.010) 0.06

PWD (ms) 1.20  
(1.111-1.296) <0.001 1.09  

(0.968-1.232) 0.152

Left  
atrium (mm)

1.79  
(1.285-2.495) 0.001 2.62  

(1.490-4.628) 0.001

A (cm/s) 30.25  
(1.708-536.116) 0.020 22.39  

(0.04-32.042) 0.332

Pro-BNP  
(pg/ml)

1.01  
(1.009-1.028) <0.001 0.97  

(0.963-0.993) 0.004

Intra-
annulus plane 
AEMDRIGHT 
(ms)

5.98  
(2.550-14.05) <0.001 0.79 

(0.664-0.945) 0.01

OR, odds ratio; CI, confidence interval;  
AEMD, atrial electromechanical delay.
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and / or increased atrial pressure [16]. Studies on ANP and 
atrial fibrillation have shown contradictory results [15, 16]. 
ANP concentrations were similar in our groups as well. All 
of these studies revealed that, in contrast to ANP, Pro-BNP 
concentrations are significantly higher in patients with AF 
[15, 16]. In our study, Pro-BN concentrations were higher in 
the micro-AF group, which supports previous studies.

On the ECG, the P wave represents the depolarization of 
the atria. P wave anomalies are associated with deterioration 
in the  structure of the  atria, and most of these anomalies 
are directly related to AF. An increase in Pmax and PWD 
time are non-invasive electrocardiographic findings for 
atrial remodeling and for scar tissue. In a study by Chen 
et al., three-dimensional voltage mapping of the left atrium 
was performed, and the patients with scar tissue and those 
without scar tissue were compared [17]. The  P wave 
duration was significantly longer in patients with scar tissue 
(122.9±18.5 and 116.9±28.0 ms, respectively, p:0.01). Some 
clinical studies in which increased Pmax and PWD times 
were also associated with an increased risk of AF [18, 19]. 
In a study by Aytemur et al., when patients with paroxysmal 
AF were compared with the control group in terms of Pmax 
and PWD durations, Pmax was found significantly higher 
in patients with a history of paroxysmal AF compared to 
controls (116±17ms vs 101±1 ms; p<0.001). PWD was also 
significantly higher in patients with a history of paroxysmal 
AF compared to controls (44±15 ms vs 27± 10 ms, p <0.001) 
[19]. In our study, Pmax, Pmin, and PWD durations were 
significantly longer in the micro-AF group.

Diastolic dysfunction and atrial electromechanical 
delay are considered independent risk factors for AF. The e’ 
velocities and s’ velocities measured in the micro-AF group 
were significantly lower than the  control group. The  e / e’ 
ratio was higher in the micro-AF group than in the control 
group. Cha et al. followed up patients with and without 
diastolic dysfunction after AF ablation [20]. In patients with 
diastolic dysfunction, recurrence of AF was observed more 
frequently after 1 yr of follow-up. After AF ablation, 30 % 
of patients with diastolic dysfunction had at least 1 degree 
improvement in the diastolic dysfunction stage. All of these 
data show that AF may be commonly found along with 
diastolic dysfunction, that prolongation of atrial fibrillation 
duration will impair diastolic function, and that shortening 
of atrial fibrillation duration will improve diastolic function. 
The atrial electromechanical delay time is defined as the time 

between the onset of the P wave in the single-lead, surface 
ECG and the  onset of the  late diastolic A wave measured 
in tissue Doppler imaging. AEMD has been observed to 
be prolonged in many systemic diseases and in paroxysmal 
atrial fibrillation. In a study by Çalık et al., it was observed 
that prolongation of AEMD durations was associated with 
AF independent of left atrial area and volume [21]. A study 
by Hasan et al. in patients with paroxysmal AF found that 
the duration of LA lateral AEMD was longer in patients with 
AF [22]. In our study, inter-annulus plane AEMD and intra-
annulus AEMD LEFT durations were longer in the micro-AF 
group. All the studies in the literature and our study showed 
that there are similar changes in the structure of the atrium 
in micro-AF, in paroxysmal AF, and in permanent AF. Along 
with these changes, an increase in the Pro-BN concentration, 
prolongation of the  P wave duration, prolongation of 
AEMD durations in echocardiography, and deterioration 
in diastolic function were observed.In order to include 
micro AF patients in the definition of AF in the guidelines 
and to determine treatment indications, studies involving 
a large number of patients need to be conducted. In this way, 
uncertainties about treatment can be eliminated.

Study limitations
The  study has some limitations. First, it was a single 

center study with a small number of patients. The duration 
of rhythm Holter recordings could be extended in patients 
with micro-AF. In this way, paroxysmal AF events in these 
individuals could be recognized. Large-scale multicenter 
studies are needed to confirm the  results of this study. 
B-blocker use was higher in the  micro-AF group included 
in the  study. This may have affected the  measured AEMD 
durations.

Conclusion
Early diagnosis and treatment of Micro-AF could be 

possible with data that can be obtained in routine clinical 
practice. Pro-BNP measurement, Pmax and Pdd times on 
ECG, and checking atrial electromechanical delay times 
in the  echocardiography laboratory, can help us to predict 
Micro-AF.
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