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Abstract

Objectives: To explore the effect of left atrial changes in structure and function on the total atrial conduction time (TACT) and left atrial
conduction delay (LACD) in patients with paroxysmal supraventricular tachycardia.

Patients and methods: A cross sectional study, hospital based with analytic element was conducted at Ibn Al-Bitar center for cardiac surgery.
Patients were recruited from electrophysiological (EP) lab. The inclusion criteria were the followings: all patients admitted to EP lab for
electrophysiological study(EPS) because of episodes of SVT were included. Those patients should: 1) have normal cardiac anatomy and
function, 2) be in sinus rhythm and 3) be in a drug-free state. History, general examination and a twelve-lead surface electrocardiography
(ECG) were taken. The (EPS) of the heart was conducted. Surface ECG and intracardiac electrograms (EGM) were done simultaneously,
and evaluated. (TACT) and (LACD) were recorded. Transthoracic traditional echocardiography was done during one-lead ECG monitoring.
All echocardiographic measures were performed, focusing on these parameters: (LA anteroposterior diameter, area and volume). LA
functional assessment using the following methods: 1) volumetric method; maximal LA volume (LA V max), minimal LA volume (LA V
min), and pre-atrial contraction (LA V pre-A) were measured using apical four- and two-chamber views; and 2) pulsed-wave and tissue
Doppler echocardiography methods; late mitral filling (A) velocity and late mitral annular filling (a') velocity measurements.

Results: In our study (110) patients (66 of them were women), 42.22 + 1.68 years old. We found that there are significant positive correlations
of LA V max and LA V min with TACT, and there is a significant negative correlation of (a") velocity with TACT. Other parameters were
having non-significant correlations with TACT and LACD.

Conclusion: Patients with dilated left atrium are more prone for atrial fibrillation due to the prolonged atrial conduction time and dilated
atria, in order to take in consideration for the possible risk factors modification.

Keywords: left atrium, electrophysiology, total atrial conduction time, left atrial conduction delay, echocardiography, supraventricular
tachycardia.

1.INTRODUCTION During ventricular systole, it acts as a reservoir for pulmonary
venous return; during early ventricular diastole, it serves as a

The left atrium (LA): is often regarded as a prognostic  conduit for pulmonary venous return; and

marker of cardiovascular risk. It carries out three key

physiological functions that affect LV filling and
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during late ventricular diastole, it acts as a booster pump to
increase ventricular filling. It modulates left ventricular
filling and cardiovascular performance in these ways(1). . It
is very dynamic and responds to many pathophysiological
insults with time-dependent structural, functional, and
electrical remodeling. Atrial dilatation, the defining feature
of structural remodeling, is typically accompanied with a
rise in interstitial fibrosis and structural modifications to the
heart (2). A larger LA is associated with poorer
cardiovascular outcomes (3).

Increased wall tension brought on by an increase in LA
pressure and impairment in LA function related to an atrial
myopathy are the most frequent causes of an increase in LA
size in the absence of mitral valve disease (6). LA
enlargement is a measurement of the severity and recurrence
of diastolic dysfunction as well as the magnitude of the
increase in LA pressure (4). Electrical and functional
continuity of atrial myocytes is necessary for sinus beat
transmission through the atria. Atrial conduction time,
which is inversely related to atrial conduction velocity, is
used to quantify atrial conduction features (5).

Electrophysiology studies (EPS) of the heart: are carried out
to identify arrhythmias and classify patients at risk of sudden
cardiac death into different risk categories. An
electrophysiological investigation includes the measurement
of baseline intervals, incremental and decremental pacing of
the atria and ventricles with an extra pharmacologic
challenge, mapping, and catheter ablation(7). The
assessment of total atrial conduction time (TACT) or left
atrial conduction delay (LACD) has provided useful
information regarding the likelihood of atrial fibrillation
development and recurrence(13). The invasive (EPS) of the
heart, is considered the gold standard for TACT and LACD
assessment. According to previous research(8), a prolonged
TACT is a reliable predictor of new-onset atrial
fibrillation(AF)(9). Inadequate LA myocardial deformation
and a prolonged TACT may indicate early, subclinical
cardiac disease(10). LA remodeling may give some insights
for early prevention of AF(11). These echocardiographic
remodeling markers have been linked to both electrical
conduction slowness and localized atrial fibrosis, according
to researches on electrophysiologic mapping(12).

Total atrial conduction time (TACT): “formerly known as
the Inter-atrial conduction time (IACT)” was determined as
the interval between the high right atrium (where the surface
ECG's P wave starts) and the distal coronary sinus
(beginning of A wave in strip C1-2 in the intracardiac ECG)
(13,14,15).

Left atrial conduction delay (LACD): “formerly known as
the intra-left atrial conduction time (ILCT)” the time in the
intracardiac ECG between the proximal and distal sections
of the coronary sinus was known as the left atrial conduction
delay (between the beginnings of A waves in the C9-10 and
C1-2 in the intracardiac ECG)(13,14,15).

PATIENTS AND METHODS

The study population: This cross sectional study, was
conducted at Ibn Al-Bitar center for cardiac surgery,
Baghdad, Irag. Patients were recruited from EPS lab. All the
patients were subjected to an exhaustive medical
examination, routine physical examination, including: blood
pressure and pulse rate measurement, a twelve-lead
conventional ECG, and an echo-Doppler evaluation. The
inclusion criteria were the followings: all patients admitted to
the EPS lab for EPS because of episodes of SVT included; 1)
having normal cardiac anatomy and function, 2) be in sinus
rhythm and 3) be in a drug-free state. The exclusion criteria
were: 1)congenital heart diseases, 2)moderate or greater
valvular disease, 3)atrioventricular blocks, 4)recent
myocardial  infarction,  5)bundle  branch  blocks,
6)medications alter cardiac conduction, 7)history of cardiac
surgery and 8)diseases affecting cardiac function or structure
(like diabetes mellitus, hypertension or thyroid diseases).

Electrophysiological study (EPS): The EPS of the heart was
conducted with the SIEMENS CATH. LAB. system. A
computer running the EP Tracer (CardioTek, Maastricht, the
Netherlands) program was used to receive intracardiac
recordings. Conduction times were evaluated at a rate of 150
mm/s while simultaneously recording surface ECG and
intracardiac electrograms (EGM). Three catheters—a
quadripolar catheter in the right ventricle, a decapolar
catheter in the coronary sinus, and an ablation catheter—were
introduced through three venous accesses through the femoral
vein.

The time between the start of the P wave in the surface ECG
and the start of the A wave in strip C1-2 in the intracardiac
EGM was used to define TACT. And the time between the
onsets of the A waves in the C9-10 and C1-2 of the
intracardiac EGM, was used to define LACD. The suggested
formula, corrected time = time 800/R-R interval, was used to
adjust TACT and LACD for heart rate. Prior to ablation, all
measurements were performed in sinus rhythm.

Echocardiography: Using a commercially available
ultrasound  transducer and apparatus, transthoracic
conventional echocardiography was performed while one-
lead ECG monitoring was being done on the patients while
they were lying in the left lateral decubitus position (3.5 Mhz
or M5S probe, Vivid 7 and Vivid E9, GE-Vingmed, Horten,
Norway). Measurements were made of all conventional
Doppler and echocardiographic parameters.

I.  LA's linear measurements: Utilizing M-mode
echocardiography, the LA anteroposterior (AP) diameter was
assessed in the parasternal long-axis view. Using the leading-
edge to leading-edge protocol, AP diameter of LA was
measured in the parasternal long-axis view, perpendicular to
the aortic root long axis, at the level of the aortic sinuses. On
the basis of tracings of the blood-tissue interface on apical
four- and two-chamber views, LA volume was calculated
using 2D echocardiography (2DE). By drawing a straight line
connecting the two opposing portions of the mitral annulus,

-Journal of Pharmaceutical Negative Results | Volume 13 | Issue 4 | 2022




Aalaa Saad Adil et al : The effect of left atrial structure and function on the atrial conduction time in patients with paroxysmal supraventricular tachycardia

the contour is closed at the mitral valve level. All values
were indexed to body surface area (BSA) were reported.

Il. LA functional assessment: 1. Volumetric method: At
various times during the cardiac cycle, LA volumes were
measured in order to evaluate the phasic functions using the
volumetric method: On an ECG, the maximal LA volume
(LA V max) occurs at the end of the T wave, just before the
mitral valve opens; the minimal LA volume (LA V min)
occurs at the QRS complex, just as the mitral valve closes;
and the pre-atrial contraction (LA V pre-A) occurs at the
start of the P wave. Biplane length area method was
depended which employ apical four- and two-chamber
views.

2. Pulsed-wave Doppler study method: From the apical four-
chamber view, pulsed wave Doppler is utilized to record the
mitral inflow. Early (E) and late diastolic (A) peak
velocities, or "A velocity" that indicates atrial contraction,”
were determined, along with their ratio, from the LV inflow.

3. Tissue Doppler imaging method: Early (e) and late
diastolic (2") velocities at the mitral lateral and medial
annulus were measured. Calculations were made to
determine the ratio of the E-wave velocity to the average
early mitral annular (e") velocity (E/e"). From the four-

chamber view, the sample volume is located on the annulus,
near to the mitral valve's insertion point. Both lateral and
septal (medial) sites were noted. Sweep velocity was 66 cm/s.

Statistical Analysis: To identify the impact of various factors
on study parameters, the Statistical Analysis System- SAS
(2012) application was employed. To significantly compare
between means, the T-test and Least Significant Difference
(LSD) test (Analysis of Variation, ANOVA) were utilized
(0.05 and 0.01 probability). Estimation of correlation
coefficient between the study's variables was done (16).

RESULTS

The total sample size was (110) patients (66 of them were
women), 42.22 + 1.68 years old were enrolled in the study.
All parameters examined were in table (1) and (2). In our
study we found significant positive correlations of LA
maximal and minimal volumes with TACT, and there is a
significant negative correlation with a* velocity. Other
parameters were having non-significant correlations with
TACT and LACD, table (3) and (4).

Table 1: electrophysiological parameters

Parameters Gender T-test
Male Female

TACT(msec.) 82.88 £2.42 80.60 £1.64 5.23 NS

LACD (msec.) 30.22 £1.52 26.75 £0.88 3.16 *

TACT (corr.) (msec.) 107.72 +4.89 101.96 +3.01 10.58 NS

LACD (corr.) (msec.) 39.42 +£2.35 33.65 +1.22 4.84 *

* (P<0.05), ** (P<0.01), NS: Non-Significant.
TACT: total atrial conduction time, LACD: left atrial conduction delay, Corr.: corrected, , ind: indexed to surface area.

Table 2: echocardiographic parameters

Parameters Gender T-test
Male Female

EF (%) 63.43 +0.69 61.78 +0.89 2.44 NS

LA D (cm) 2.93+0.09 2.92 £0.06 0.202 NS

LA D Ind (cm/m2) 1.48 +0.04 1.55 +0.02 0.101 NS

LA V (max)(ml) 36.47 +1.91 34.68 +1.49 4.39 NS

LA V max ind (ml/m2) 18.26 +0.86 18.33 +0.74 2.21 NS

LAV (min) (ml) 15.56 +0.90 15.80 £0.88 2.41 NS

LA V (min) Ind 7.82 £0.42 8.38 +0.46 1.27 NS

(ml/m2)

LAV (PreA) (ml) 23.54 +1.10 23.95+1.11 2.96 NS

LA V (PreA) Index 11.84 £0.52 12.64 +0.56 1.55 NS

(ml/m2)

Doppler flow parameters:

E velocity (m/sec) 0.739 +0.02 0.747 £0.02 0.054 NS

A velocity (m/sec) 0.623 £0.03 0.690 +0.02 0.058 *

E/A ratio 1.27 £0.07 1.12 +0.03 0.106 *

Tissue Doppler parameters:
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e’ velocity (m/sec) 0.132 +0.01
e'/a’ ratio 1.61 £0.12
E/e ratio 5.78 +0.21

0.128 +0.01 0.011 NS
1.35+0.06 0.221 *
6.09 +0.23 0.637 NS

* (P<0.05), ** (P<0.01), NS: Non-Significant.

EF:ejection fraction, LA D: left atrial diameter, LA V max:
left atrial maximal volume, LA V min: left atrial minimal
volume, LA Pre A V: left atrial pre-atrial volume, ind:
indexed to surface area, E velocity: early filling velocity A

velocity: late filling velocity, E/A ratio: early to late filling
velocities ratio, a velocity: late annular velocity, e'/a” ratio:
early to late annular velocities ratio, E/e" ratio: early filling to
early annular velocities ratio.

Table 3: Correlation coefficient between some left atrial changes in structures with TACT and LACD.

Parameters Correlation coefficient-r
TACT Corr. LACD Corr.
TACT LACD

LAD 0.13 NS -0.02 NS 0.009 NS -0.09 NS
LA D index 0.06 NS 0.06 NS -0.04 NS -0.03 NS
LA V max 0.19 * 0.05 NS 0.04 NS -0.03 NS
LA V max index 0.15 NS 0.07 NS 0.02 NS -0.02 NS
LA V min 0.20 * 0.07 NS 0.04 NS -0.02 NS
LA min. V Ind. 0.16 NS 0.09 NS 0.02 NS -0.01 NS
LAPre AV 0.16 NS 0.12 NS 0.04 NS 0.04 NS
LAV PreA Ind 0.13 NS 0.15 NS 0.01 NS 0.06 NS

* (P<0.05), NS: Non-Significant.

TACT: total atrial conduction time, LACD: left atrial
conduction delay, Corr.: corrected, LA D: left atrial
diameter, LA V max: left atrial maximal volume, LA V min:

Table 4: Correlation coefficient between some left atrial changes in function with TACT and LACD.

left atrial minimal volume, LA Pre A V: left atrial pre-atrial
volume, ind: indexed to surface area,

Parameters Correlation coefficient-r
TACT Corr. LACD Corr.
TACT LACD

A velocity 0.07 NS 0.09 NS -0.11 NS -0.07 NS
E/A ratio -0.14 NS -0.12 NS -0.004 NS -0.02 NS
a" velocity -0.21* -0.17 NS -0.17 NS -0.17 NS
e'/a’ ratio 0.08 NS 0.14 NS 0.11 NS 0.14 NS
E/e’ ratio -0.04 NS -0.04 NS 0.03 NS 0.03 NS

* (P<0.05), NS: Non-Significant.

TACT: total atrial conduction time, LACD: left atrial
conduction delay, Corr.: corrected, A velocity: late filling
velocity, E/A ratio: early to late filling velocities ratio, a’
velocity: late annular velocity, e’/a” ratio: early to late
annular velocities ratio, E/e” ratio: early filling to early
annular velocities ratio.

DiscussioN

There are significant positive correlations of LA maximal
and minimal volumes with TACT, these results agree with
Ramanathan ~ Parameswaran ~ who  revealed that
electrophysiologic abnormalities, such as global and

regional conduction slowing and changes in refractoriness
that predispose to the formation of atrial arrhythmias, emerge
concurrently with structural change(17). Also agree with Jan-
Thorben Sieweke, et al. who reported that echocardiographic
measures indicating LA dysfunction and remodeling have a
remarkable potential to predict subclinical AF in patients with
embolic stroke of unknown source(18).

Acute atrial stretch increases the likelihood of arrhythmias
via modulating atrial electrophysiology through stretch-
activated channels(19). Acute atrial dilatation lowered both
the atrial effective refractory period and the atrial post-
repolarization refractoriness, favoring the onset and
maintenance of AF(20). Despite the changes in
electrophysiological characteristics stated, the triggered
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activity and atrial arrhythmias increased in the presence of
acute atrial stretch. This demonstrates the multifactorial
impact of atrial stretch on atrial electrophysiology(22).

However, in some cases, the typical course of cardiac
impulse is disrupted and can start re-entry and result in
"circus motions," which then result in fibrillation (e.g.
dilated hearts have a typically long journey; interatrial
blockage, muscle ischemia usually cause a slowed pace of
conduction; and a shorter refractory period). Re-entry can
result in abnormal heart rhythms or improper cardiac
contraction patterns in many cardiac disorders(23).

Another explanation is that the participants may be in a
condition of prediabetes, which puts them at a relatively
higher risk for cardiovascular disease, similar to diabetes
mellitus(24). Another factor causing this association is the
impact of hyperglycemia on atrial tissue(25). Interstitial
fibrosis, which results from extracellular protein deposition
and inflammatory responses, may eventually cause atrial
refractoriness and heterogeneity in atrial conduction(26).
Hyperglycemia activates the glycosylation end products-
receptor system, raising the levels of circulating tissue
growth factors and augmenting atrial  structural
remodeling(27).

Chronic changes in atrial tissue thought to result from the
hyper or hypoglycemias are what lead to heterogeneity in
atrial conduction time and atrial refractoriness(28).
Prediabetics had considerably longer TACT and LACD than
non-diabetics, which are predictors of the onset of AF. This
finding raises the possibility that prediabetic people may be
more susceptible to AF even before diabetes manifests itself.
Before the onset of overt diabetes, LA mechanical functions
and conduction times were deteriorated(29).

In our study; there is a significant negative correlation of
the a” velocity with the TACT this result disagree with Necla
Ozer, et al. However, they utilized a different non-invasive
echocardiographic technique to detect TACT. Another
difference is that the study population consisted of patients
with mitral stenosis, which may have contributed to the
positive correlation between TACT with a velocity and
other doppler parameters. The previous study shows that
TACT gets longer in patients with mitral stenosis and TACT
is related with left atrial size, but not with severity of mitral
stenosis(30).

Our findings could be explained by the fact that in response
to the excessive volume burden, the left atrium engages in a
variety of adaptive and maladaptive phases. These may
include myocyte growth, hypertrophy, and then necrosis and
apoptosis, as well as changes in the extracellular matrix's
composition, such as excessive fibroblast proliferation that
causes myolysis and, as a result, the loss of the contractile
apparatus(31).

There are non-significant correlations of E/A and e’/a” ratios
with TACT. e’/a’ ratio was found to be useful in the
estimation of LV end-diastolic pressure(32). Atrial
conduction delay was linked to higher left atrial pressure and
worsened LV relaxation. Left atrial dilatation, elevated left

atrial pressure, and poor LV relaxation were all evident in
patients with paroxysmal AF, and these conditions were
linked to significantly prolonged TACT(33).

Rosenberg MA, et al. revealed a greater LA diameter in the
prediabetic group compared with the control group. They also
detected a weak correlation between (TACT) with E/A and
e'/a’ ratios, although it was weak(38).

But our results disagree with Eftal Murat Bakirci, et al. who
concluded that TACT had negative correlations with the E
velocity and E/A ratio. This explained by that the population
for that study was on type 2 diabetic patients and when
combined with poor left atrial myocardial deformation,
subclinical atherosclerosis and inflammation may be a result
of prolonged TACT and early subclinical cardiac
involvement in people with type 2 diabetes mellitus (10).
Additionally, people with type 2 diabetes may have a normal
E/e' ratio but an abnormal e'/a’ ratio. The diastolic dysfunction
of the left ventricle can be detected by significant increases in
a' velocity and significant decreases in the E velocity, E/A,
and e'/a’ ratio. Diastolic left ventricular dysfunction is more
common in asymptomatic diabetes patients, who also have
wider necks and bigger abdomens than control
group(34,35,36). Although there is a non-significant positive
correlation of A velocity with TACT, so this may explain the
prolonged TACT in obese patients with higher A velocity
whose may have asymptomatic left ventricular diastolic
dysfunction. So there may be a development of obesity,
which has been linked to the growing adipose tissue's
hypoxia, leading to adipose tissue fibrosis. (37).

CONCLUSION

There are significant positive correlations of left atrial
maximal and minimal volumes with the total atrial
conduction time (TACT), and there is a significant negative
correlation with the late mitral annular (a°) velocity. Patients
with dilated left atrium are more prone for atrial fibrillation
due to the prolonged atrial conduction time and enlarged stiff
atria, in order to take in consideration for the possible risk
factors modification.
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