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Abstract
Objective: This study aimed to explore the value of speckle tracing imaging (STI) for assessment of left
atrial (LA) function in uremic patients.

Methods: One hundred uremic patients were divided into four groups according to the New York Heart
Association (NYHA) criteria. Thirty healthy participants were enrolled as a control group. LA functional
parameters were determined using conventional echocardiography. The strain rate (SR) curve of LA wall
was prepared using STI, and SR in different phases of cardiac cycle were obtained.

Results: The LA maximal volume (LAVmax) increased and LA passive ejection fraction (LAPEF)
decreased. The LA active ejection fraction (LAAEF) showed an initial increase followed by a decrease (all
p<0.05). The SR of LA lateral wall and interatrial septum (IAS) in systole (SRs-LA, SRs-IAS) and early
diastole (SRe-LA, SRe-IAS) showed a steady decrease; the SR of LA lateral and IAS in late diastole (SRa-
LA, SRa-IAS) showed an initial increase followed by a decrease. Compared with control group, the SRs-LA
and SRs-IAS decreased in four groups with uremia (all p<0.05). A positive correlation was observed
between LAPEF and the absolute value of mean peak early diastolic SR (|mSRe|) (r=0.862, p<0.05), and
between LAAEF and the absolute value of mean peak late diastolic SR (|mSRa|) (r=0.756, p<0.05).
LAVmax showed a negative correlation with mean peak systolic SR (mSRs) (r=-0.878, p<0.05).

Conclusion: There was a signi�cant correlation between LA function and LA strain rate in uremic patients.
STI can allow for an objective and accurate evaluation of LA function in uremic patients. 

Introduction
Previous studies have revealed signi�cant alteration in left atrial (LA) volume and function of patients
suffering from chronic renal insu�ciency [1]. Several factors associated with uremic state may affect LA
structure and function including hypertension, hypervolemia and electrolyte disturbances. Left ventricular
diastolic dysfunction can be detected at an early stage by evaluating LA function in uremic patients
without left ventricular remodeling [2]. Speckle tracking imaging (STI), a novel ultrasonic technique for
objective assessment of myocardial motion, has been used for LA assessment in hypertensive patients.
Kokubu et al. found STI useful for quantitative evaluation of LA function in patients with uncomplicated
hypertension [3]. Wang et al. demonstrated that in patients with hypertension and paroxysmal atrial
�brillation, longitudinal strain can re�ect the structural and functional changes of left atrium [4].

In this paper, we aimed to determine LA strain rate in uremic patients with hypertension. A secondary aim
was to explore a new method for evaluation of LA function in uremic patients by demonstrating that LA
strain rate correlates with LA function measured by conventional echocardiography.

Materials And Methods

Patients
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A total of 100 uremic patients (52 male and 48 female; mean age ± SD, 48.6 ± 12.8 years; range, 21–63
years) who quali�ed the National Kidney Foundation Kidney Disease Outcomes Quality Initiative
guidelines (K-DOQI57) diagnostic criteria for end-stage renal disease (ESRD) were selected and divided
into four groups according to the New York Heart Association (NYHA) functional classi�cation of cardiac
symptoms [symptom class: NYHA I (n = 43), NYHA II (n = 28), NYH III (n = 16), and NYHA IV (n = 13)]. All
patients were screened at the Urology Department of our hospital between January 2015 and December
2020. Only patients in sinus rhythm were included. Physical examination, laboratory investigations,
electrocardiography, and echocardiography were performed to exclude arrhythmia, rheumatic valvular
disease, left ventricular segmental wall motion abnormalities, and congenital heart disease. All uremic
patients were on hemodialysis for 4 hours a day, 3 times a week. Patients without standardized treatment
were excluded. Each patient underwent assessment by echocardiography before hemodialysis. Thirty
healthy volunteers (15 male, 15 female; mean age, 45.37 ± 10.86 years; range, 22–62 years) who had no
history of renal or cardiovascular disease were included as controls. All subjects in the control group had
normal physical examination, echocardiographic, and elecrocardiographic results. The study was
approved by the local medical ethical committee and written informed consent from obtained from all
patients prior to their enrolment.

Conventional echocardiography
All uremic patients underwent routine transthoracic echocardiography using Philip IE33 ultrasound
system (iE33; Philips Healthcare, Andover, MA) equipped with an S5-1 transducer (1–5 MHz). The left
ventricular end-diastolic diameter (LVEDD), interventricular septum thickness (IVST), and LV posterior wall
thickness (LVPWT) were obtained by M-mode echocardiography from parasternal long-axis views. The LV
ejection fraction (LVEF) was calculated using Bi-plane Simpson formula. These parameters were used to
calculate the LV mass index (LVMI) [5, 6] and relative wall thickness (RWT) [7]. The E-wave of mitral valve
was measured by pulsed-wave Doppler and the e-wave of the mitral annuli was measured by tissue
Doppler imaging. The E/e ratio was calculated as the LV diastolic function parameter.

LA parameters were measured by biplane Simpson’s method in the apical two- chamber view, including
left atrial maximal volume (LAVmax), left atrial minimal volume (LAVmin) and left atrial presystolic volume
(LAVp). These parameters were used to calculate the left atrial passive ejection fraction (LAPEF) and left
atrial active ejection fraction (LAAEF).

Left atrial speckle tracking analysis
The standard apical four-chamber images in two dimensional grayscale mode were stored in a cine loop
format from three consecutive beats. The patients were told to hold their breath while the images were
collected. The LA strain rate was analyzed o�ine using software Qlab 8.0. Three points, i.e., basal
attachment of anterior mitral lea�et, basal attachment of posterior mitral lea�et and the highest point of
left atrium, were selected. The endocardium of LA lateral wall and interauricular septum was pro�led
automatically. Border tracking was adjusted manually if necessary. The following parameters were
recorded: peak systolic strain rate of LA lateral wall and interauricular septum (SRs-LA, SRs-IAS), peak
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early diastolic strain rate of LA lateral wall and interauricular septum (SRe-LA, SRe-IAS), and peak late
diastolic strain rate of LA lateral wall and interauricular septum (SRa-LA, SRa-IAS). The mean peak
systolic SR (mSRs) was calculated as the average of strain rate of LA lateral wall and interatrial septum
in systole. The absolute value of mean peak early diastolic SR (|mSRe|) and mean peak late diastolic SR
(|mSRa|) were obtained by a similar method and converted to absolute value.

Statistical Analyses
Statistical analyses were performed using SPSS 20.0 software (SPSS Inc, Chicago, IL). All data are
expressed as mean ± standard deviation (SD). Analysis of variance was used for multiple comparisons.
Correlations between the variables of interest were assessed using Pearson’s correlation coe�cient. P < 
0.05 was considered statistically signi�cant.

Results

Comparisons of Regular Measured Values
Table 1 shows the conventional echocardiographic parameters in uremic patients. We observed that the
LVEF decreased with progression of NYHA functional class. LVEDD, RWT and E/e among patients with
NYHA class IV were signi�cantly higher than those among patients with the other three NYHA functional
classes. However, there were no signi�cant differences between the four NYHA classes with respect to
IVST and LVPWT, although all four groups were higher than the control group (Table 1).
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Table 1
Conventional echocardiographic measurements

Parameter Control
Group (n = 
30)

NYHA Class
I(n = 43)

NYHA Class
II(n = 28)

NYHA Class
III(n = 16)

NYHA Class
IV(n = 13)

P-
value

LVEDD 44.13 ± 3.32 44.86 ± 5.66 47.37 ± 
5.43a

51.31 ± 
4.76a,b,c

56.23 ± 
4.55a,b,c,d

0.000

IVST 9.43 ± 0.57 12.82 ± 
1.69a

12.00 ± 
1.62a

12.75 ± 1.34a 11.69 ± 1.80a 0.000

LVPWT 9.43 ± 0.57 12.36 ± 
1.92a

11.85 ± 
1.51a

12.69 ± 1.45a 11.31 ± 1.80a 0.000

LVMI 80.53 ± 
10.88

128.42 ± 
32.95a

131.17 ± 
30.80a

160.01 ± 
31.16a,b,c

163.20 ± 
33.33a,b,c

0.000

RWT 0.43 ± 0.04 0.56 ± 0.12a 0.51 ± 0.09b 0.50 ± 0.07b 0.41 ± 
0.08a,b,c,d

0.000

LVEF 66.50 ± 4.93 65.09 ± 4.60 55.89 ± 
3.34b

44.56 ± 
2.68a,b,c

32.38 ± 
5.58a,b,c,d

0.000

E/e 9.53 ± 1.98 14.20 ± 
4.45a

15.61 ± 
5.31a

18.68 ± 
6.24a,b

24.17 ± 
6.50a,b,c,d

0.023

LVEDD = left ventricular end-diastolic diameter; IVST = interventricular septum thickness; LVPWT = left
ventricular posterior wall thickness; LVMI = left ventricular mass; RWT = relative wall thickness; LVEF = 
left ventricular ejection fraction.

ap < 0.05 versus Control Group.

bp < 0.05 versus NYHA Class I.

cp < 0.05 versus NYHA Class II.

dp < 0.05 versus NYHA Class III.

 

Comparison of left atrial function
The LAVmax, LAVmin and LAVp all increased gradually with progression of NYHA functional class. The
above three parameters in NYHA Class I were higher than those in the control group. The LAPEF and
LAEF all decreased gradually from NYHA Class I to IV. The LAAEF increased in NYHA Class II but
decreased in NYHA Class III/IV. The difference between groups was statistically signi�cant. There were no
signi�cant difference between the NYHA Class I and the control group with respect to LAPEF, LAAEF and
LAEF (Table 2).
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Table 2
Comparison of left atrial volume and function

Parameter Control
Group(n = 
30)

NYHA Class
I(n = 43)

NYHA Class
II(n = 28)

NYHA Class
III(n = 16)

NYHA Class
IV(n = 13)

P-
value

LAVmax
(mL)

31.97 ± 3.91 38.91 ± 
8.36a

62.00 ± 
12.94a,b

88.56 ± 
10.75a,b,c

110.23 ± 
7.35a,b,c,d

0.000

LAVp
(mL)

18.37 ± 4.05 25.74 ± 
7.07a

46.93 ± 
13.41a,b

71.88 ± 
12.45a,b,c

94.62 ± 
7.00a,b,c,d

0.000

LAVmin
(mL)

13.47 ± 2.81 18.93 ± 
5.44a

32.64 ± 
13.07a,b

60.13 ± 
15.66a,b,c

85.54 ± 
7.58a,b,c,d

0.000

LAPEF
(%)

40.60 ± 9.40 38.32 ± 4.93 25.43 ± 
6.89a,b

19.37 ± 
5.60a,b,c

14.16 ± 
2.83a,b,c,d

0.000

LAAEF
(%)

25.70 ± 4.74 26.73 ± 5.77 31.93 ± 
8.68a,b

18.48 ± 
10.55a,b,c

9.67 ± 
1.91a,b,c,d

0.000

LAEF (%) 57.90 ± 5.16 55.08 ± 5.90 48.96 ± 
10.84a,b

33.31 ± 
11.66a,b,c

22.45 ± 
3.30a,b,c,d

0.000

LAVmax = left atrium maximal volume; LAVp = left atrium pre-systolic volume; LAVmin = left atrium
minimal volume; LAPEF = left atrium passive ejection fraction; LAAEF = left atrium active ejection
fraction; LAEF = left atrium total ejection fraction.

ap < 0.05 versus Control Group.

bp < 0.05 versus NYHA Class I.

cp < 0.05 versus NYHA Class II.

dp < 0.05 versus NYHA Class III.

 

Comparison of left atrial strain rate values
The strain rate of LA lateral and interatrial septum in systole (SRs-LA, SRs-IAS) and early diastole (SRe-
LA, SRe-IAS) showed a steady decrease from NYHA Class I to NYHA Class IV. The strain rate of LA lateral
and interatrial septum in late diastole (SRa-LA, SRa-IAS) was signi�cantly higher in NYHA Class II and
signi�cantly lower in NYHA Class III/IV (P < 0.05) (Table 3, Fig. 1). The SRs-LA and SRs-IAS in the four
groups with uremia were signi�cantly lower than that in the control group (all p < 0.05). However, no
signi�cant difference was observed between the NYHA Class I and the control group with respect to SRe-
LA, SRe-IAS, SRa-LA, and SRa-IAS.
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Table 3
Comparison of left atrial strain rate values

Parameter Control
Group(n = 
30)

NYHA Class
I(n = 43)

NYHA Class
II(n = 28)

NYHA Class
III(n = 16)

NYHA Class
IV(n = 13)

P-
value

SRs-LA 2.61 ± 0.22 2.43 ± 0.23 2.13 ± 0.33a 1.81 ± 0.23a,b 1.51 ± 
0.28a,b,c

0.000

SRe-LA -2.05 ± 0.17 -2.03 ± 0.16 -1.64 ± 0.30a -1.36 ± 
0.27a,b

-1.05 ± 
0.24a,b,c

0.000

SRa-LA -2.30 ± 0.21 -2.30 ± 0.18 -2.57 ± 0.24a -2.18 ± 
0.46a,b

-1.45 ± 
0.19a,b,c

0.000

SRs-IAS 2.51 ± 0.15 2.35 ± 0.19 2.05 ± 0.23a 1.69 ± 0.23a,b 1.32 ± 
0.23a,b,c

0.000

SRe-IAS -2.09 ± 0.22 -2.08 ± 0.24 -1.63 ± 0.28a -1.37 ± 
0.25a,b

-1.03 ± 
0.19a,b,c

0.000

SRa-IAS -2.38 ± 0.12 -2.28 ± 0.11 -2.46 ± 0.28a -2.14 ± 
0.44a,b

-1.45 ± 
0.16abc

0.000

SRs-LA = peak systolic stain rate of left atrial lateral wall; SRe-LA = peak early diastolic stain rate of
left atrial lateral wall; SRa-LA = peak late diastolic stain rate of left atrial lateral wall; SRs-IAS = peak
systolic stain rate of interatrial septum; SRe-IAS = peak early diastolic stain rate of interatrial septum;
SRa-IAS = peak late diastolic stain rate of interatrial septum;

ap < 0.05 versus Control Group.

bp < 0.05 versus NYHA Class I.

cp < 0.05 versus NYHA Class II.

dp < 0.05 versus NYHA Class III.

 

Correlation between LA strain rate and LA function
There was a signi�cant positive correlation between LAPEF and |mSRe| (r = 0.862, P < 0.05), and between
LAAEF and |mSRa| (r = 0.756, P < 0.05). LAVmax showed a negative correlation with mSRs (r=-0.878, P < 
0.05) (Figs. 2–4).

Discussion

Left atrial volume and function of uremic patients
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Chronic renal failure is associated with a high incidence of morphological and functional changes in the
heart. Cardiac insu�ciency is a severe complication of uremia and a major cause of death of uremic
patients. Therefore, assessment of heart function at an early stage is a key imperative in patients with
uremia, which can guide timely treatment and prolong the patients' survival time. At present, research on
patients with uremia at home and abroad is largely limited to the structure and function of the left
ventricle [8]. LV diastolic dysfunction is a main manifestation of early cardiac changes in patients with
uremia. Several factors such as electrolyte disturbances, renal hypertension and hypervolemia may
induce LV stiffness and decrease in compliance. In addition, LV diastolic dysfunction increases left atrial
load. To compensate for ventricular dysfunction and to maintain cardiac output, left atrium increases
ejection by increasing both atrial pressure and atrial volume. Studies on hypertension and obesity have
demonstrated that the changes in LA structure and function occur in the early stage of cardiac
insu�ciency [3, 9]. Therefore, evaluation of LA function in uremic patients may help in early detection of
abnormal LV diastolic function before LV remodeling. In a study by Vaturi et al., LA function was shown
to be related to the exercise capacity in patients with normal LV function [10]. Kokubu et al showed that
LA strain rate decreases in patients with hypertension prior to the onset of LA enlargement or LV
hypertrophy [3].

The left atrium plays many roles in the cardiac cycle. Firstly, the left atrium acts as a reservoir which
receives blood from the pulmonary veins during ventricular diastole and systole. Secondly, left atrium
acts as a conduit when blood is sucked into the left ventricle passively during early diastole. Finally,
active contraction of left atrium in late diastole re�ects the booster pump function [6, 11]. It is widely
accepted that LAVmax, LAPEF and LAAEF represent the reservoir function, conduit function and booster
pump function [12].

In this study, we observed that left ventricle systolic (LVEF) and diastolic (E/e) dysfunction in uremic
patients deteriorated with progression of the NYHA functional class (Table 1). The increased pressure in
LV end-diastole augmented the left atrial afterload. As a compensatory mechanism, the reservoir function
of left atrium enhanced, which was re�ected by the gradual increase in LAVmax in our study. Myocardial
stiffness caused by uremia reduces the LV active suction capacity [13]. The decrease in LAPEF indicated
that LA conduit function declined synchronously with the cardiac function. The increased residual blood
in LA activated the Frank-Starling mechanism, as observed by the increased booster pump function in
NYHA class II patients [14]. However, the effect of this compensatory mechanism gradually diminished
with deterioration of cardiac function, which was re�ected in the reduced LAAEF in NYHA class III and IV
patients.

It is particularly noteworthy that, compared with the control group, increased LAV was detected in uremic
patients with normal cardiac function (NYHA class I) at an early stage, although LAEF had not changed
at this time. Previous studies have shown that left atrial enlargement is closely related to the occurrence
of adverse cardiovascular events such as atrial �brillation, ischemic stroke, heart failure, and can be used
as an independent predictor of patient death [15, 16]. Aquaro et al. showed that left atrial remodeling can
sensitively re�ect left ventricular diastolic dysfunction [17].
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Left atrial strain rate in uremic patients
Previous studies have shown that apart from conventional Doppler echocardiography, two dimensional
STI can also be used to assess LA structure and function [18, 19]. The STI can track motional speckle
consisting of 20–40 pixels in high frame rate two-dimensional images. Using this new, reliable technique
to track speckles on the myocardium, we can obtain the strain rate, which re�ects myocardial
deformation. Strain refers to the ability of the myocardium to deform, that is, the percentage change in
the length of the myocardium from its original length. 2D-STI allows for a more objective and accurate
assessment of atrial function as it can distinguish LA motion from that of mitral annulus and ventricle
[20]. STI offers an advantage over conventional echocardiography as it can discern subtle changes in the
LA wall. Inaba et al. proposed that SRs re�ect the reservoir function, while SRe re�ects conduit function
and SRa re�ect the booster pump function on strain rate curve [21]. Changes in LA function in uremic
patients can be objectively re�ected in the strain rate curve of the left atrium.

In this study, we observed a steady decrease in SRs with progression from NYHA class I to NYHA class IV,
which indicates that the stretchability of the atrial wall decreased with enlargement of left atrium. In
addition, compared with the control group, we found abnormal SRs in uremic patients with NYHA
functional class I. Synchronously, left ventricular stiffness led to ventricular diastolic dysfunction;
therefore, SRe, the parameter that represents conduit function, also showed a signi�cant decrease in
uremic patients with poor cardiac function. SRa �rst increased and then decreased, which is consistent
with the initial compensatory increase in active systolic function of left atrium followed by its weakening
due to cardiac decompensation. Some studies have shown that abnormal myocardial deformation is
related to myocardial �brosis [22, 23].

Correlation between LA function and LA strain rate
Results of correlation analyses showed a strong correlation between LAVmax and SRs, between LAPEF
and SRe, and between LAAEF and SRa (correlation coe�cient r=-0.878, 0.862, 0.756, respectively). Strain
rate is de�ned as the deformation of myocardium per unit time. The ability of myocardial deformation is
an essential factor that in�uences cardiac systole and diastole. Moreover, the volume and emptying
fraction of the left atrium are also affected by preload and afterload. The interaction of cardiac load
(external factor) with myocardial motion (an internal factor) affects the volume and function of left
atrium [24]. In short, there is a close relationship between LA function and LA strain rate.

Study Limitations
There were some inherent limitations in this study, including: First, this study focused only on uremic
patients with normal sinus rhythm. Left atrial function and strain rate in patients with arrhythmia are yet
to be explored. Second, Qlab software used to analyze the LS was originally designed for assessment of
left ventricle. However, its use for evaluation of left artial strain has also been validated.

Conclusion
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STI may be used to evaluate LA function in uremic patients. The LA deformation ability may decrease
before the onset of overt cardiac insu�ciency. The LA function showed a signi�cant correlation with LA
strain rate.
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Figures

Figure 1

Strain rate of left atrial lateral wall and interatrial septum in uremic patients. A, NYHA Class I; B, NYHA
Class II; C, NYHA Class III;D, NYHA Class IV
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Figure 2

Correlation between LAVmax and mSRs.
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Figure 3

Correlation between LA stain rate (absolute value) and LA function in early diastole.
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Figure 4

Correlation between LA stain rate (absolute value) and LA function in late diastole


