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Abstract

Background: Right atrial (RA) function is rarely investigated. Atrial contribution to the cardiac function is
very important, atrial function was affected in many disease states including ischemic heart disease

Subjects and Methods: This study investigated the RA function in patients with significant right coronary
artery (RCA) stenosis. Patients were divided into 3 groups: group one included 15 patients with significant
proximal RCA stenosis, group two included 15 patients with significant distal RCA stenosis and group three
included 15 normal subjects as a control group. We measured the RA maximum and minimum volume and RA
distensibility. We measured RA function using atrial longitudinal systolic strain and strain rate using 2D
color- coded Tissue Doppler imaging (TDI) applied to right atrium using standard apical 4ch view.

Results: We found no significant difference between the three groups regarding the RA maximal, minimal
volume and distensibility. We found the RA longitudinal systolic strain and strain rate to be significantly
reduced in patients with group one than patients in group two and three as the RA free wall systolic strain in
group one was found to be 21.43+9.55, 59.65+25.55 and 62.45+28.73 in group one, two and three
respectively. RA septal longitudinal systolic strain was found to be 12.96+4.13, 26.66+11.5 and 25.97+£12.45
in group one, two and three respectively with p value 0.001. RA lateral wall longitudinal systolic strain rate
was found to be 1.6+0.57, 2.8-12.9 and 5.8+2.37 in group one, two and three respectively with p value 0.001.
RA septal wall longitudinal systolic strain rate was found to be 1.52+0.52, 2.54+1.03 and 2.44+1.01 in group
one, two and three respectively with p value 0.004.

Conclusion: RA systolic function was found to be reduced in patients with proximal significant RCA stenosis.
This finding may have therapeutic implication for the management of such patients.

Keywords: (right atrium, systolic function, tissue Doppler imaging, ischemic heart disease, right coronary
artery).

Introduction

Coronary artery disease (CAD) is a major health
problem as patients are at high risk to develop
heart failure ™. Impairment of the diastolic
function is often present in patients with

significant CAD, even before the development of
regional or global LV systolic dysfunction,
therefore this might serve as an early and sensitive
indicator of ischemia ™. It is obvious that the
atrial function is an integral part of the cardiac
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function. Atrial function consists of reservoir,
conduit, active contractile function and booster
pump for venous blood returning to the heart .
Strain and strain rate have also been used to detect
myocardial dysfunction caused by various disease
states including ischemic heart disease [*. Defined
as a measure of fiber deformation, strain is
expressed as percent change to the segment length
as compared to its length before deformation
while strain rate is defined as strain per unit time
B The atrial reservoir function is represented by
atrial systolic strain and strain rate while the
conduit and contractile functions are represented
by early and late diastolic strain rate respectively
[ Impairment of the atrial systolic function
occurs early in the course of ischemic heart
disease ). Changes in the atrial function and size
have been used as a marker for cardiovascular
adverse outcome [,

Aim of the work

The aim of this study is to evaluate the function of
the right atrium in patients with significant right
coronary artery stenosis (proximal versus distal
segment) with conventional echocardiography,
strain and strain rate imaging.

Subjects and Methods

This study included 30 patients with significant
right coronary artery (RCA) disease who did
coronary angiography in the cardiology
department, Tanta university hospital during the
period from January 2016 to December 2016.
Patients were divided according to the results of
the coronary angiography into two groups: group
(one) included 15 patients with significant
proximal RCA lesion and group (two) which
included 15 patients with distal significant RCA
lesion. A third group included 15 age and sex
matched healthy adults without history of
ischemic heart disease as a control group.
Inclusion Criteria: Patients with coronary artery
disease who did coronary angiography and
showed significant RCA lesion which is defined

as > 50% luminal stenosis were included in the
study.

Exclusion Criteria: Elderly patients (age > 65
years), obese patients with BMI > 30, patients
with valvular heart disease, patients with
arrhythmia especially atrial fibrillation (AF),
patients with advanced renal or hepatic disease,
patients with pulmonary hypertension, patients
with chronic obstructive pulmonary disease
(COPD) and patients with significant non RCA
lesion were excluded.

All individuals were subjected to the following:
detailed history taking, clinical examination and
electrocardiogram (ECG). Blood was extracted
for: lipid profile, liver and kidney function tests,
fasting and postprandial blood glucose level.
Coronary angiography was done for group one
and two. Patients with significant RCA lesion (as
defined earlier) were included in the study.
Transthoracic echocardiography was done using
(Vivid 7 dimension; General Electric Medical
Systems, Horten, Norway) equipped with a 2.5-
MHz variable-frequency transducer. Standard
echocardiographic views were used.

For data acquisition 3 complete cardiac cycles
were obtained and stored in cine loop format with
the patient at rest and lying in the left lateral
position. LV systolic function was obtained using
simpson method.

Using biplane area-length method, the right atrial
(RA) volume was obtained in the apical 4
chamber (4ch) view as follows:

RA volume= (0.85 x area 4ch x area 4ch)/(longest
RA length) ©!.

Using apical 4 chamber view the RA length and
area were obtained at the end of ventricular
systole. RA area was obtained by tracing endoca-
rdial border of the atrium excluding subannular
plane, SVC & IVC and RA appendage.

RA long axis dimension was measured as a line
perpendicular to the tricuspid annular plane
extending to the back wall of RA. Atrial volumes
obtained were indexed to the subject’s body
surface area 1'%,

Lamiaa Khedr MD et al IMSCR Volume 05 Issue 01 January 2017

Page 15551




RA dispensability was calculated as follows: (V
max)-(V min)x100/ (V min) 23,

where V max is the maximaum volume of the
atrium measured at the end of the systole (T wave
on ECG) and V min is the minimum volume of
the atrium measured at the end of diastole (R
wave on ECG).

Right atrium was assessed by strain and strain rate
as follows: Atrial longitudinal systolic Strain S
and SR were measured using 2D color- coded
Tissue Doppler imaging (TDI) applied to RA
using standard apical 4ch view, by placing the
sample volume (preferably 2mm because of thin
atrial wall)at the mid segment of RA free and
septal walls ™. Strain S /SR velocity profiles
obtained were stored in digital format and
analyzed offline with dedicated software at the
interval between mitral valve closure (MVC) and
mitral valve opening (MVO) to assess atrial
reservoir function during ventricular systole. Peak
positive systolic strain and strain rate values were
calculated from the extracted curves over 3

Table (1) patients characteristics

recorded cardiac cycles to obtain mean strain and
strain rate values of the studied atrial segment ™2/,

Statistical Analysis

It was conducted, using the mean, standard
deviation and chi-square test by SPSS V.20.
Student t test was used to test the significance
between two means. ANOVA test was used for
comparison among different times in the same
group in quantitative data. Chi-square test was
used for comparison between two groups as
regards qualitative data.

Results

The study included 3 groups:

Group one comprised 15 patients with proximal
RCA significant stenosis, group two comprised 15
patients with distal RCA significant stenosis and
group three comprised 15 normal subjects as
control group. The demographic data of the three
groups are represented in table (1).

Group Group Group 3 F test P P1 P2 P3
one two value
Age in Range 35-59 40-60 39-60 1.73 0.356 | 0.603 | 0.142 0.346
years meantSD | 45:06 | 50+81 | 4586
BMI Range 23-28 22-28.5 23-28 0.613 0.531 | 0.946 | 0.319 0.669
mean+SD 25+3.1 | 25.3+2.3 | 24.6+1.85
Sex Male/N% 9(60%) 8(53%) 8(53%) X2=0.483 0.762
Female/N% | 6(40%) 7(47%) 7(47%)
Smoking | Yes/N(%) 8(53%) 6(40%) 3(20%) X2=5.761 0.055
No/N(%) 7(47%) 9(60%) 12(80%)

BMI= body mass index. P1 between group one and group two, p2 between group one and group three, p3 between group two and

group three. P value is significant if <0.05.

Total cholesterol was found to be higher in group
one and two compared to group three. P value
(0.001) and 0.002 respectively. There was no
significant difference between the three groups
regarding left ventricular ejection fraction (EF), as
EF was (63£2.8) in group one and (64%2.7) in
group two and (67£3.5) in group three.

Right atrial minimal volume (RA Vmin) was
found to be 5-16 ml/m? with mean +SD=10.3+
2.56 in group one. In group two the RA Vmin was

found to be 6-17 ml/m? with mean +SD=10.15
+2.33. In group three the RA Vmin was found to
be 5.5-16 ml/m? with mean +SD=9.9 +2.78.

Right atrial maximal volume (RA Vmax) was
found to be 16-30 ml/m? with mean +SD=21+6.56
in group one. In group two the RA Vmax was
found to be 12-31 ml/m? with mean +SD= 21+5.8.
In group 3 the RA Vmax was found to be 11-32
ml/m? with mean +SD=19.54+6.43.
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Right atrial (RA) distensibility was found to be
15.4-198 % with mean £+SD=103.2+57.8 in group
one. In group two RA distensibility was found to
be 30-167 % with mean +SD=101.5+49.87. In
group three the RA distensibility was found to be

51-187% with mean +SD=82.7+43.65. Table
(two). There was no significant difference
between the three groups of the study as regard
RA Vmin, RA Vmax and RA distensibility as the
p value was higher than 0.05 all the time.

Table (2): Echocardiographic assessment of right atrial volumes and distensibility:

Group one

Group two

Group three

p. value

Range

5-16

6-17

5.5-16

Mean = SD

10.3+2.56

10.15+2.33

9.9 £2.78

0.656

Range

16-30

12-31

11-32

Mean = SD

21+6.56

21+5.8

19.54+6.43

0.179

Range

15.4-198%

30-167

51-187

Mean + SD

103.2+57.8

101.5+49.87

82.7+43.65

0.237

RA Vmin=Right atrial minimal volume, RA Vmax=Right atrial maximal volume, RA Dist= right atrial distensibility,P1 between
group one and two, p2 between group one and three, p3 between two and three. Significant p value< 0.05

As regard RA free wall systolic strain (S%) it was
found to be from 9-33% in group one with
mean+SD= 21.43+9.55. In group two, the RA free
wall systolic strain was found to be 32-128% with
mean+SD= 59.65+25.55. In group three, the RA
free wall systolic strain was found to be 37-133%
62.45+£28.73. There was

with mean+SD=

statistically significant difference between group
one and two as p value was 0.001. There was also
statistically significant difference between group
one and three as p value was 0.001. There was no
statistically significant difference between group
two and three as p value was 0.355. Figure (1).

Figure (1): of patient in group one showing septal and lateral wall systolic strain of 11.61 and 9.03 %

respectively.

Regarding the right atrial free wall systolic strain
rate (SR) s, in group one it was found to be
1.19-3.25 with mean+SD= 1.6+£0.57. In group two

it was found to be 2.8-12.9 with mean+SD=
6.1+2.87. In group three it was found to be 2.57-
13.3 with meanzSD= 5.8+2.37. There was
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statistically significant difference between group
one and two as p value was 0.001. There was also
statistically significant difference between group

one and three as p value was 0.001. There was no
statistically significant difference between group
two and three as p value was 0.673. Table (3)

Table (3): Right atrial free wall systolic strain(S) % and strain rate (SR s™)

Group one

Group two

Group three | F. test

Range

9-33

32-128

37-133 18.976

Mean + SD

21.43+9.55

59.65+25.5

62.45+28.73

Range

1.19-3.25

2.8-12.9

2.57-13.3

Mean + SD

1.6+0.57

6.1+2.87

581237 (22112

RA lateral S= right atrial free wall systolic strain (S%), RA lateral SR= right atrial strain rate (SR s™). P1 between group one and
two, p2 between group one and three, p3 between group two and three.Significant p value <0.05.

Right atrial septal wall systolic strain (Septal S %)
was found to be 5.5-19% with Mean+SD=
12.96+4.13 in group one. In group two it was
found to be 10.9-47.99% with Mean * SD=
26.66x£11.5. In group three it was found to be
11.87-48.79% with Mean * SD= 25.97+12.45.
There was statistically significant difference
between group one and two as p value was 0.023.
There was also statistically significant difference

between group one and three as p value was
22

o

There was statistically significant difference
between group one and two as p value was 0.016.
There was also statistically significant difference
between group one and three as p value was

Figure (2): patient in group one with RA septal systolic strain rate of 1.86%

0.001. There was no statistically significant
difference between group two and three as p value
was 0.075.

For right atrial septal wall systolic strain rate: it
was found to be 1.2-2.45 % with meant SD=
1.52+0.52 in group one. In group two it was found
to be 1.32-4.32 % with mean +SD= 2.54+1.03. In
group three it was found to be 1.29-4.46 % with
mean £SD= 2.44+1.01. Figure (2)

0.021. There was no statistically significant
difference between group two and three as p value
was 0.077. Table (four)
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Table 4: right atrial septal wall systolic strain and strain rate measures:

Group one Group two Group three |F.test| p.value | p1 | p2 | p3
Septal S MeF:l?]nEeSD 5.5-19 10.9-47.99 | 11.87-48.79 000t 1002300010075
- 12.96+4.13 26.66x11.5 |25.97+12.45|9.984 ' ' ' '
Range 1.2-2.45 1.32-4.32 1.29-4.46
Septal SR | Mean = SD 15940 52 2 54+1 03 2 44+1 01 4.556 || 0.004 [J0.016 |J0.21 [J0.77

S = strain, SR= strain rate.pl: between group one and two, p2: between group one and three, p3: between group two and three.

Significant p value<0.05

Regarding the mean right atrial systolic strain, it
was found to be 11.05-24.9% with Mean +
SD=16.96+4.46 in group one. In group two it was
found to be 24.56-72.35% with Mean =+
SD=47.83+13.46. In group three, it was found to
be 25.96-70.98% with Mean £+ SD=45.63+11.37.
There was statistically significant difference
between group one and two as p value was 0.001.
There was also statistically significant difference
between group one and three as p value was
0.001. There was no statistically significant
difference between group two and three as p value
was 0.091.

For the mean right atrial systolic strain rate, it was
found to be 1.09-7.96 with Mean + SD= 2.1+1.86.
In group two it was found to be 1.99-8.7 with
Mean £ SD= 4.19+ 2.01. In group three it was
found to be 1.87-8.64 with Mean + SD= 4.01+
2.21.

There was statistically significant difference
between group one and two as p value was 0.001.
There was also statistically significant difference
between group one and three as p value was
0.002. There was no statistically significant
difference between group two and three as p value
was 0.778. Figure (3), Table (5).

Table (5): Mean right atrial systolic strain(S)% and strain rate(SR) s™:

Group one

Group two

Group three

p. value

Range

11.05-24.9

24.56-72.35

25.96-70.98

Mean + SD

16.96+4.46

47.83+13.46

45.63+11.37

0.001

Range

1.09-7.96

1.99-8.7

1.87-8.64

Mean + SD

2.1+1.86

4.19+ 2.01

4.01+ 2.21

0.002

Mean RAS=Mean right atrial systolic strain. Mean RASR= mean right atrial systolic strain rate. P1 between group one and two,
p2 between group one and three, p3 between group two and three.Significant p value <0.05.

4.5
4
35
3
2.5
2
1.5
1
0.5
0

group one

4.19

group two

4.01

group three

B mean right atrial systolic strain rate

Figure (3): mean right atrial systolic strain rate.
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Discussion

The atrium has a very important role in optimizing
the cardiac function. During the ventricular
systole it acts as reservoir, in early ventricular
diastole it acts as a conduit and in late diastole it
acts as a booster pump M. In ischemic heart
disease the atrial function may be primarily or
secondarily affected and evaluation of the atrial
function is an important step to assess the
hemodynamic effect of the disease . Right
atrium is relatively neglected chamber, and its
function in various cardiac diseases especially
ischemic heart disease are less explored. Right
atrium plays an important role in endocrine and
electromechanical regulation of the heart M®!. To
our knowledge, this is the first study to evaluate
the RA function in IHD in relation to the level of
RCA obstruction with tissue Doppler imaging. In
this study, we investigated the geometric changes
of the right atrium in patients with significant
RCA stenosis. We studied 30 patients with
significant RCA stenosis. They were divided into
2 groups according to the location of the RCA
lesion: group one comprised 15 patients with
proximal RCA stenosis, and group two comprised
15 patients with distal RCA stenosis. A third
group comprised 15 normal subjects with no
evidence of CAD as a control group. There was
no statistically significant difference between the
three groups regarding age, sex, BMI and left
ventricular EF. Total cholesterol was higher in
group one than in group two and three. We
measured the RA minimal volume (RA Vmin),
RA maximal volume (RA V max) and RA
distensibility. We found the RA Vmin to be
10.3+2.56 in group one, 10.15+2.33 in group two
and 9.9 +2.78 in group three. RA Vmax was
found to be 21+6.56 in group one, 21+5.8 in
group two and 19.54+6.43 group three. RA
distensibility was found to be 103.2+57.8 in group
one, 101.5+49.87 in group two and 82.7+43.65 in
group three. Regarding the RA minimal volume,
maximal volume and distensibility there was no
significant difference between the three groups as
the p value was higher than 0.05 all the time.

These results were matched with the results of
(Yu M.C et al) ). They studied the atrial function
in patients with IHD and compared it to normal
subjects with tissue Doppler imaging. They found
that there was no significant difference between
the two groups regarding the RA volumes. The
results of the present study were not matched with
the results of Shinomiya H et al " who studied
the RA function with 2-D echocardiography. They
found the RA volume to be greater in group one
with proximal RCA lesion than in the other
groups. This difference may be attributed to the
fact that they measured RA area by single plane
area method but we measured RA volumes by
using biplane area-length method where we
divided the area by the longest RA length.

The present study showed the RA strain and strain
rate were lower in group one when compared to
group two and three. The study found the RA free
wall systolic strain to be 21.43+9.55 in group one,
59.65+25.55 in group two and 62.45%+28.73 in
group three. Regarding the RA free wall systolic
strain rate (SR) s™ it was found to be 1.6+0.57 in
group one, 6.1+2.87 in group two and 5.8+2.37 in
group three. Right atrial septal wall systolic strain
(Septal S %) was found to be 12.96+4.13 in group
one, 26.66+11.5in group two and 25.97+12.45 in
group three. For right atrial septal wall systolic
strain rate: it was found to be 1.52+0.52 in group
one, 2.54+1.03in group two and 2.44+1.01 in
group three. Regarding the mean right atrial
systolic strain, it was found to be 16.96+4.46 in
group one, 47.83t13.46 in group two and
45.63+11.37 in group three. For the meanright
atrial systolic strain rate, it was found to be
2.1+£1.86 in group one 4.19+ 2.0lin group two,
and 4.01+ 2.21 in group three. This study showed
statistically significant difference between group
one and the other two groups regarding right atrial
free wall strain and strain rate, septal wall strain
and strain rate, mean right atrial strain and strain
rate. These results were matched with the results of
Ping Yan et al who showed significant difference
between patients with IHD and control group
regarding the RA strain and strain rate. The
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difference between this study and the study of
Ping Yan et al was that we studied the RA strain
and strain rate with regard to the site of
obstruction of the RCA, while they studied the RA
strain and strain rate in ischemic heart disease
patients who have mild or severe CAD without
relating it to RCA lesion site ™8,

Conclusion

The RA systolic function was found to be
significantly impaired in patients with proximal
RCA lesion as compared to patients with distal
RCA lesion. These findings may have therapeutic
implications in the management of patients with
right ventricular infarction.

Limitations of the study

Few patients were included in the present study.
Another study with larger number of patients is
further required to validate the data.
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