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Evaluation of left atrial appendage functions by transthoracic
echocardiography and comparison with left atrial strain values in renal
transplant candidates

Bobrek nakli adaylarinda transtorasik ekokardiyografiile sol atriyal
apendiks fonksiyonlarinin degerlendirilmesi ve sol atriyal strain degerleri
ile karsilastirilmasi
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Abstract

Aim: The incidence of stroke in patients with chronic kidney disease (CKD) is increased independent of atrial arrhythmias.
The goal of this study is to evaluate, left atrial appendage (LAA) functions by transthoracic echocardiography (TTE) and
comparison with left atrial (LA) strain values in patients with in renal transplant candidates with end stage renal disease
(ESRD) with sinus rhythm.

Material and Methods: Fifty two renal transplant candidates and 60 age- and sex-matched healthy participants were
included in the study. LAA emptying velocity (EV) was measured with pulse wave Doppler, early diastolic (LAA Em),
contraction (LAA Am) and systolic (LAA Sm) velocities were measured using tissue Doppler imaging from parasternal
short axis view. Atrial peak longitudinal strain (PLS), peak contraction strain (PCS) and conduit strain (CdS) were calculated
using two dimensional speckle tracking echocardiography.

Results: LAAEV, Am and Sm and LA PLS, PCS, CdS measurements were found to be significantly lower in the patient group
compared to controls. LAA EV measurements showed a strong positive correlation with left atrial volume index (LAVI), LA
PLS and LA PCS values, and a negative correlation with left ventricular (LV) diameters, and E/e' value. In the multivariate
regression analysis LA PLS and LAVI were found to be independent factors for LAA EV.

Conclusion: Our findings suggest that the evaluation of LAA functions with TTE may help determine the increased risk of
developing atrial arrhythmias and ischemic stroke in renal transplant candidates. Supporting the current findings with
larger studies may change the follow-up and treatment approaches in these patients.
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Amag:Kronikbdbrek hastaligi (KBH) olan hastalardainmeinsidansi, atriyalaritmilerden bagimsizolarakytiksektir.Bu calismanin
amaci, sinds ritmindeki son dénem boébrek hastaligi (SDBY) olan bobrek nakli adaylarinda transtorasik ekokardiyografi (TTE)
ile sol atriyal apendiks (SAA) fonksiyonlarini degerlendirmek ve sol atriyal (SA) strain degerleri ile karsilastirmaktir.

Gerec ve Yontemler: Calismaya 52 bobrek nakli adayi hasta ve yas ve cinsiyet uyumlu, KBH olmayan 60 katilmci dahil
edildi. Parasternal kisa eksenden pulse wave Doppler ile SAA bosalma hizi (BH), doku Doppler goriintiileme kullanilarak
erken diyastolik (SAA Em), kasilma (SAA Am) ve sistolik (SAA Sm) hizlan 6lclldi. Atriyal pik longitudinal strain (PLS), pik
kontraksiyon strain (PKS) ve konduit strain (KdS), iki boyutlu “speckle tracking” ekokardiyografi kullanilarak hesaplandi.
Bulgular: SAA BH, Am ve Sm ve SA PLS, PKS, KdS dlctiimleri hasta grubunda kontrollere gore anlamli olarak daha diistik
bulundu. SAA BH &lciimleri, sol atriyal voliim indeksi (SAVI), SA PLS ve SA PKS degerleri ile giiclii bir pozitif korelasyon ve
sol ventrikll (SV) caplari ve E/e' de@eri ile de anlamli negatif korelasyon gosterdi. Cok degiskenli regresyon analizinde SA
PLS ve SAVi'nin SAA BH icin bagimsiz faktérler oldugu bulundu.

Sonuglar: Bulgularimiz, TTE ile SAA fonksiyonlarinin degerlendirilmesinin bobrek nakil adaylarinda artmis atriyal aritmiler
ve iskemik inme gelisme riskinin belirlenmesine yardimci olabilecegini diisiindirmektedir. Mevcut bulgularin daha biytk

Introduction

Cardiovascular disorders (CVD) are common in chronic kidney
disease (CKD) and the major cause of morbidity and mortality
in patients with end stage renal disease (ESRD) [, 1. Fluid reten-
tion, hormones, cytokines and enzymes released in response
to kidney failure constitute the main causes of CV pathologies
in these patients along with the common risk factors [, , 1. Ar-
terial stiffness, myocardial fibrosis, left ventricular hypertrophy
(LVH), enlargement of the heart chambers, LV diastolic and
systolic dysfunction may develop over time with the contribu-
tion of all these factors [, , 1.

The incidence of stroke in CKD patients is increased compared
to the general population, especially in patients on dialysis [
1. Although atrial fibrillation (AF) is one of the major causes of
ischemic stroke, a significant number of patients with isch-
emic cerebrovascular event (CVE) are in sinus rhythm []. There
are studies showing that left atrial (LA) size and functions are
associated with the risk of ischemic stroke independent of AF
rhythm [ ]. Most of the thrombi that develop in the left atrium
are located in the left atrial appendage (LAA) [, 1. Therefore,
the evaluation of LAA functions has gained importance in de-
termining the risk of ischemic stroke.

Cardiac structural and functional changes affect LA functions
in patients with CKD [, 1. Apart from atherosclerotic vascular
changes and AF, which are the most important causes of isch-
emic stroke in these patients, impaired LA and LAA functions
may also increase the risk of stroke. Transesophageal echocar-
diography (TEE) is the most sensitive method to assess LAA
functions [ ]. However, recent studies have revealed that the LAA
evaluation with transthoracic echocardiography (TTE), which is
a more feasible method, also correlates well with the TEE mea-
surements [ ]. The aim of this study is to evaluate the functions
of LA and LAA with TTE in kidney transplantation candidates.
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calismalarla desteklenmesi bu hastalarda takip ve tedavi yaklagimlarini degistirebilir.
Anahtar kelimeler: Sol atriyal strain, sol atriyal apendiks fonksiyonu, son donem boébrek yetersizligi, bobrek nakli.

Material and Methods
Study design and patient selection

Our study was designed prospectively, and 52 patients with
ESRD and 60 healthy participants who were similar regarding
age and gender were included in the study. The patient group
was selected from ESRD patients who were planned for kid-
ney transplantation and referred to the cardiology outpatient
clinic for preoperative evaluation. The control group consisted
of participants without heart failure and kidney disease, who
applied to the cardiology outpatient clinic for routine control
or check-up. Patients with left ventricular ejection fraction
(LVEF) <55%, more than mild degree of valvular heart disease,
congenital heart disease, rhythm or conduction disorders on
electrocardiography (ECG) were excluded from the study.

Blood samples were taken in the morning fasting, mostly the
day before echocardiography. In patients undergoing dialysis,
blood tests were performed before dialysis. Renal functions
were evaluated with the estimated glomerular filtration rate
(eGFR) calculated using the Chronic Kidney Disease Epidemi-
ology Collaboration (CKD-EPI) formula for adults in line with
the guideline published by the Turkish Public Health Agency.

The study was performed in accordance with the Declaration
of Helsinki after having approval of the research protocol from
the Local Ethics Committee. Additionally, all participants pro-
vided signed detailed written informed consent.

Echocardiographic evaluation

Transthoracic echocardiographic evaluation of all patients was
performed with the Epiq 7C ultrasound system (Philips, Ando-
ver, MA, USA) using a 2.3-3.5 MHz transducer probe. During the
test simultaneous ECG recording was made. Left ventricular wall
thicknesses, heart chamber diameters, and LV systolic function



were evaluated from standard parasternal and apical windows,
B-mode and M-mode images, according to the current recom-
mendation guidelines of the American Society of Echocardiogra-
phy [1. Diastolic function of LV was assessed with pulse wave (PW)
Doppler from the trans-mitral velocities and with tissue Doppler
imaging (TDI) measurements from the mitral annular region.

Left atrial appendage evaluation was performed from para-
sternal short axis view using PW Doppler and TDI. The cursor
was placed on the apex of the LAA after visualizing LAA and
making required adjustments (Figure 1). Then LAA emptying
velocity (LAA EV) was measured with PW Doppler (Figure 2),
early diastolic (LAA Em), contraction (LAA Am) and systolic
(LAA Sm) velocities were measured using TDI (Figure 3) and
averaged for five consecutive cardiac cycles.

Adult Echo

TIS0.3 MI1.2

Figure 1. Parasternal short axis view image showing left atrial ap-
pendix (LAA) in transthoracic echocardiographic assessment. LA, left
atrium; RA, right atrium; RV, right ventricle; AV, aortic valve.
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Figure 2. Parasternal short axis view image showing the left atrial ap-
pendix emptying velocity (LAA EV) obtained using pulse wave Doppler.
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Figure 3. Parasternal short axis view image showing the left atrial
appendix early diastolic (LAA Em), contraction (LAA Am) and systolic
(LAA Sm) velocities were measured using tissue Doppler imaging.

For LA strain analysis, standard apical two- and four-chamber
images were recorded at a speed of 60-100 frames/sec on gray
scale for 3 cycles. Offline LA strain analysis was performed us-
ing dedicated software (Qlab advanced quantification software
version 10.1, Philips Medical Systems, Bothell, WA, USA). After
LA endocardial borders were determined manually, the region
of interests (ROI) were designated. Atrial peak longitudinal
strain (PLS), and peak contraction strain (PCS) reflecting the res-
ervoir function, and the atrial pump function, respectively, were
calculated from the strain curves obtained by two-dimensional
speckle tracking analysis (2DSTE). Atrial conduit function was
calculated by subtracting the PCS value from the PLS value. The
QRS onset was taken as a reference point (Figure 4).

Figure 4. Left atrial strain imaging with two dimensional speckle track-
ing echocardiography from apical four chamber view of a study patient.
Yellow arrow shows peak longitudinal strain (PLS), red arrow shows peak
contraction strain (PCS), blue arrow shows conduit strain (CdS).

Statistical Analysis

SPSS 26 program was used to evaluate the data obtained in
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the study. The normality of the distribution was determined
by the Kolmogorov-Smirnov test. Results were expressed as
mean + standard deviation. Normally distributed variables
were compared with Student's T test, and non-normally dis-
tributed variables were compared with Mann Whitney-U test.
Chi-square test was used to compare categorical variables. P
value less than 0.05 was considered statistically significant.
Pearson analysis was used for continuous variables and Spear-
man test was used for non-continuous variables in the corre-
lation analysis. The correlation coefficient (r) was calculated.
Independent determinants of LA PLS and LAA EV parameters
were ascertained by multivariate linear regression analysis.

Results

The patient group constituted of 52 subjects with ESRD (mean
age, 46.01+£11.08 years; 40.4% female) while there were 60 in-
dividuals (mean age, 48.26+10.63; 53.3% female) in the control
group. Age, gender, BSA, history of diabetes mellitus (DM), smok-
ing, hyperlipidemia (HL) and CAD were similar in both groups.
Presence of hypertension (HT), use of beta blockers and calcium
channel blockers (CCBs), and systolic blood pressure (SBP) were
found to be significantly higher in the patient group (Table 1).

Half of ESRD patients (n=26) were on dialysis. The mean di-
alysis time was 15.19+23.82 months (min 1 month, maximum
108 months). Patients undergoing dialysis did not differ sig-
nificantly from non-dialysis patients in terms of demographic
and echocardiographic characteristics.
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In the echocardiographic evaluation, left ventricular wall
thickness and diameters of all heart chambers were signifi-
cantly higher in the patient group. Although EF was normal in
both groups, it was found to be significantly lower in the pa-
tient group. In addition, E/e' ratio, which is a sensitive indicator
of diastolic function, and systolic pulmonary artery pressure
were significantly higher in the patient group compared to
the control group. When the left atrium size and functions are
examined, ESRD patients had significantly increased LAV and
LAVI values compared to controls. Demonstrating left atrial
appendage functions and left atrial strain assessment, LAAEV,
Am and Sm values and LA PLS, PCS, CdS measurements were
found to be significantly lower in the patient group (Table 2).

In correlation analyzes performed in ESRD patients LAA EV

did not showed significant correlation with demographic
characteristics, risk factors, and laboratory findings except for
uric acid (r=-0.387, p=0.006). LAA EV measurements showed
a strong positive correlation with LAVI, LA PLS (Figure 5), and
LA PCS values, and a negative correlation with LV diameters,
and E/e' value. While LA PLS was negatively correlated with
the presence of HT, and DM, and uric acid levels (r=-0.315,
p= 0.023; r=-0.282, p= 0.043; r=-0.429, p= 0.02, respectively)
there was no significant correlation with other baseline clini-
cal features and laboratory findings. Besides a significant neg-
ative correlation was observed between LA PLS and LV wall
thickness and diameters, LA diameter, volume, volume index,
and E/e' measurements. Table 4 demonstrates the echocardio-
graphic parameters that were significantly associated with the
parameters showing LAA and LA functions.
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Figure 5. The correlation analysis graph showing the relationship be-
tween the left atrial appendix emptying velocity and left atrial peak
longitudinal strain.

The study group was also evaluated according to the low-
est expected LA PLS value (23%) determined in the multi-
center studies [, ]. LA PLS was <23% in 14 patients (26.9%)
in the ESRD group and 4 subjects (6.7%) in the control group
(p=0.004). In the patients group, 14 patients with LA PLS <23%
and 38 patients with LA PLS > 23% were compared in terms of
demographics, clinical features and laboratory findings. De-
mographic and clinical characteristics of the two groups were
similar except for the BSA. There was no significant difference
between risk factors and biochemistry parameters. In echo-
cardiographic evaluation, LV wall thickness and diameters, LA
dimensions, E/e, and sPAP values were significantly higher in
the group with PLS<23%, while LAA EV and LAA Am values
were significantly lower (Table 5).

Inthe multivariate regression analysis LA PLS and LAVI were found
to be independent factors for LAA EV. No significant independent
relationship was detected between LA PLS and LAVI, E/e" and uric
acid (Table 6). In different multivariate regression analysis models
including IVS, PW, LVEDD, LVEDS, no different independent sig-
nificant variables were found for LAA EV and LA PLS.
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Discussion

In the present study, LAA functions in patients with ESRD with si-
nus rhythm, candidates for transplantation were examined with
TTE for the first time to the best of our knowledge. LAA EV value
were found to be significantly lower in the patients group than in
the control group. Left atrial functions were evaluated using 2D
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strain analysis, significantly decreased LA strain values were found
in the patients group. Additionally, regression analysis revealed
that LA PLS and LAVI were independent markers for LAA EV.

Evaluation of LA functions is of great importance in predicting
the prognosis and development of CV events in CKD patients
[ 1. Ayer et al. showed that the LA reservoir and conduit strain
were independently associated with major adverse cardiovas-
cular events at 2-year follow-up in ESRD patients [ 1. Left atrial
functions are affected by various mechanisms in patients with
renal failure such as CV risk factors, volume overload, chronic
inflammation, neurohumoral changes and increased oxida-
tive stress [, 1. In our study, high HT rate, high SBP levels, and
volume overload may explain the increased LV wall thickness,
and diameters of heart chambers, diastolic dysfunction, and
the resulting decrease in LA functions compared to the con-
trol group. LA strain assessment with 2DSTE is a sensitive,
reliable and less load dependent method that can show the
deterioration of LA functions earlier [ ]. Ohara et al. investi-
gated the LA strain with 2DSTE in CKD patients with normal
left atrial size and found a significant decrease in LA reservoir
strain compared to the control group. These findings were in-
terpreted in favor of subclinical deterioration in LA functions
before the change in atrial volume in CKD patients [ ]. Our
study was conducted in patients with ESRD patients, and sig-
nificant structural cardiac changes were observed compared
to the control group. Although LA PLS was significantly cor-
related with LV wall thickness, and diameters, and LAVI in the
patients group, they were not found to be independent pre-
dictors of LA PLS. These findings may support that apart from
overt structural changes, atrial fibrosis associated with uremic
toxins, increased renin-angiotensin system activity and chron-
icinflammation may affect LA functions.

Cardiovascular risk factors, atherosclerosis, hypercoagulability,
cardiac structural and functional changes, and atrial arrhyth-
mias are among the causes of increased stroke risk in patients
with CKD. Studies have shown that CKD is an independent fac-
tor for the structural and functional changes in the left atrium
[, 1, and atrial mechanical changes and remodeling contribute
to the development of ischemic stroke independent of CV risk
factors and AF [, , 1. In general population, 15-30% of all isch-
emic cerebral infarcts are considered to be of cardiac origin
[, 1and in approximately 90% of cardio-embolic events, the
thrombus originates from LAA [ 1. In a study by Handke et al. in
stroke patients, it was shown that the LAA EV value measured
by TEE, regardless of rhythm, is an important determinant of
thromboembolism, and that it significantly predicts the devel-
opment of thrombus and SEC at a value of <55 cm/s []. Kara-
bay et al. demonstrated that LA strain parameters predicted



LAA functions in patients who had cardioembolic stroke in si-
nus rhythm [1. In our study, a significant relation was observed
between LAA EV and LA PLS in ESRD patients with sinus
rhythm. Additionally, regression analysis revealed that LA PLS
and LAVI were independent markers for LAA EV. Supporting
these findings, LAA flow rates were found to be significantly
lower in patients with LA PLS < 23% in the patients group.

Another important finding in our study is the significant correla-
tion between blood uric acid level and LAA EV and LA PLS values.
Celik et al. demonstrated that increased uric acid levels were as-
sociated with decreased LAA peak flow velocity in AF patients [ ].
Proposed mechanism for this relationship is that increased uric
acid levels may cause atrial fibrosis and remodeling associated
with chronic inflammation and increased oxidative stress.

Ithasbeen shown that therisk of stroke and AF is higherin ESRD
patients who are on hemodialysis [, 1. In a study by Yildinm et
al., it was shown that left atrial deformation parameters were
better in transplant patients than in hemodialysis patients [ ]
In our study, the basic clinical and echocardiographic features
of hemodialysis patients did not differ significantly compared
to patients who did not undergo hemodialysis. Although half
of the patients were dialysis patients, it was thought that this
might be related to the short average dialysis times.

In conclusion, decreased LAA mechanical functions was ob-
served in relation to LA volume and functions in patients with
ESRD who were planned for transplantation in sinus rhythm.
These findings may suggest that evaluation of LAA functions
may be helpful in detecting CKD patients at increased risk of
developing atrial arrhythmias and stroke. Although TEE is the
gold standard in investigating LAA functions, it will not be
routinely applied, and it is difficult to tolerate in patients with
ESRD, especially in dialysis patients. TTE is a readily applicable
test in clinical practice and follow-ups in these patients. Sup-
porting the current findings with larger studies may change
the follow-up and treatment approaches in these patients.

Limitations of the study

The main limitation of the study is that it was conducted on
a small sample. Functions of LAA was evaluated with only
TTE, TEE was not performed. We did not perform ambulatory
rhythm monitoring for paroxysmal AF detection. Since it was
an observational study, development of AF or cerebrovascu-
lar event (CVE) was not investigated in the follow-up of the
patients and whether our findings predicted these events. Ad-
ditionally, the QLAB software system developed for LV strain
analysis were used for left atrial strain analysis. Several studies
have shown that the QLAB software system is reliable and has
good reproducibility for atrial strain analysis [, ].
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