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Abstract
Background: left atrium (LA) plays an important role in maintaining optimal cardiac output. Rheumatoid
arthritis (RA) has been considered an independent cardiovascular risk factor that can affect all cardiac
chambers and functions, especially in active disease.

Aim of the study: To evaluate the effect of the activity of rheumatoid arthritis disease on left atrial functions
using different echo-Doppler modalities.

Methods: Sixty-�ve patients with RA without evidence of previous cardiovascular disease and 36 healthy
control subjects were included. Echo-Doppler examination was done with measurements included LV
dimensions, ejection fraction, trans-mitral Doppler �ow and tissue Doppler velocities , LA dimensions,
volumes, phasic LA peak strain and LA global longitudinal strain.

Results: 39 patients had an active disease while 26 were in remission. The two patients’ groups had higher
values of LV internal dimensions, LA volumes, and early diastolic peak strain as a surrogate of the conduit
function compared to the control group. On the other hand, they had lower values of LV-EF, FS, mitral E/A
ratio & Em and lower values of parameters of reservoir & contractile function, compared to the control
subjects. There were no signi�cant differences between the 2 patients’ groups in all measures except for a
signi�cantly lower value of LA GLS in active RA compared to patients in remission (p=0.001). The LA-GLS
correlated signi�cantly with RA disease activity score (r=0.60, p<0.001).

Conclusion: LA function is impaired in RA and this impairment correlates with the disease activity. The LA-
GLS is superior in the detection of subclinical left atrial dysfunction.

Key Messages
Left atrium plays an important role in maintaining optimal cardiac output. 

Rheumatoid arthritis patients are exposed to cardiovascular risks that can affect cardiac functions,
especially in active disease.

This study was conducted to evaluate the effect of the activity of rheumatoid arthritis disease on left
atrial functions using different echo-Doppler modalities. 

We found that LA function is impaired in RA and this impairment correlates well with the disease
activity, with the LA-GLS is superior in the detection of subclinical left atrial dysfunction. 

A special interest should be given to the heart of  RA patients to minimize cardiac complications and
disability or even death.

Introduction
Rheumatoid arthritis (RA) is a systemic autoimmune in�ammatory disease which is characterized by auto-
antibody formation and immune complex deposit [1]. The long term in�ammatory burden and immune
abnormality can result in serious damage to multiple organs via various pathways, especially the heart [2].
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RA is associated with higher mortality rates than in the general population, and RA patients have a 2-fold
higher risk of developing and dying from heart failure compared with individuals without RA [3]. RA is
associated with increased left ventricular end diastolic pressure (LVEDP), increased load on the LA with
induced LA remodeling and development of heart failure especially with RA disease activity [4, 5]. Most of
patients with RA who presented with HF have impaired diastolic function with preserved ejection fraction [6,

7].

LA function is insu�ciently studied because of measurement di�culties.

Standard echocardiography only routinely measures the LA diameter. Tissue Doppler imaging has limited
accuracy of LA measurement and hence a restricted use in clinical and even research settings [8]. Alteration
in any of these different functions (Peak atrial strain during ventricular systole (εS), Late peak strain just
before the active atrial contractile phase (εCT) and Early diastolic peak strain (εE) as a surrogate of the
conduit function) can be assessed noninvasively using tissue Doppler imaging (TDI) and speckle tracking
echocardiography (STE) [10]. Speckle tracking echocardiography (STE) makes it possible to measure LA
function and allows detection of LA dysfunction before conventional echocardiography done.

This study aimed to evaluate the effect of RA disease activity on LA global longitudinal strain (LA-GLS) and
phasic left atrial function using speckle-tracking echocardiography (STE).

Patients And Methods
This cross sectional prospective study was conducted on patients selected from those attending the
outpatient clinic of the rheumatology department, Al-Zahraa University Hospital and diagnosed as
rheumatoid arthritis according to the 2010 ACR-EULAR criteria and without evidence of cardiovascular
disease [11]

The study included 65 consecutive patients with RA from January 2018 to June 2018 and 36 age and sex
matched healthy control subjects.

Informed consent was taken from all participants and the study was approved by local ethical committee [
Ethics Committee of Faculty of Medicine for Girls, Al-Azhar University, Nasr City, Cairo, Egypt, Registered at
Central Administration of Research & Development; Egyptian Ministry of Health: Reg No.
RHBIRB2018122001].

Presence of any of the following �ndings excluded patients from this study, evidence of coronary artery
disease (CAD) as detected by clinical history, ECG or echocardiographic wall motion abnormalities, valvular
or congenital heart disease, diabetes mellitus, hypertension, advanced renal or hepatic diseases and
inadequate image quality.

The disease activity score was calculated in 28 joints (DAS28) by recording the number of swollen and
tender joints and erythrocyte sedimentation rate (ESR). [12]
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Patients were considered to be in remission if DAS28 was  2.6 while active disease was de�ned as DAS28 
≥ 2.6. Accordingly, patients were divided into two groups, active RA group ( 39 patients) and remission RA
group (26 patients).

History analysis and physical examination were done for all participants with special emphasis on the
disease duration and current medications received in patients with RA. Routine laboratory tests were
performed (total serum cholesterol, serum creatinine, C-reactive protein (CRP), ESR, rheumatoid factor (RF),
neutrophil lymphocytic ratio (NLR) and platelet lymphocytic ratio(PLR)).

Echocardiography was done using ultrasound machine GE- Vivid 7 system (GE- Ultrasound, Horten, Norway)
with M3S (3.5MHz) matrix probe, and echo Pac version 8.0. Conventional echo-Doppler was performed
according to the standards of the American Society of Echocardiography (ASE) and the European
Association of Cardiovascular Imaging for Cardiac Chamber Quanti�cation by Echocardiography in Adults
[13 ]

Echo examination was performed in the left lateral decubitus. Averages of three consecutive cycles were
used for all echo data. Images were recorded from parasternal and apical windows and the following
parameters were obtained:

I- Conventional echo Doppler measurements including:
Left ventricular dimensions and functions .

Trans- mitral Doppler �ow velocities including early (E) and late(A) diastolic velocities, E/A ratio.

LA anteroposterior diameter measured from 2D parasternal long axis view targeted M-mode.

LA superior-inferior and medio-lateral diameters measured from the apical 4 chamber view.

LA volumes were estimated by area length method, averaged from apical 4 and 2 chamber views
measurement.

- LA volume included:
Maximal LA volume [Vmax] measured at the end of systole just before mitral valve opening at the end
of the T wave on ECG.

Minimal LA volume [Vmin] was measured at end diastole just at the closure of the mitral valve.

Pre contractile LA volume ( LAV pre-A] measured at P-wave onset on ECG just before atrial contraction.

LA volume index (LAVI) was calculated for each of the above volumes as LA volume divided by body
surface area [14 ].

II- TDI measures
For the TDI velocity and TDI derived strain measures we used two apical views (4&2 chamber views). For
data acquisition, three complete cardiac cycles during end expiration were collected and stored in a cine-
loop format. The image sector width was set as narrow as possible to allow a frame rate acquisition greater
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than 80 frames/s. Special attentions was paid to the color Doppler velocity range setting to avoid any
aliasing within the image.

TDI velocities of the LV were averaged from 4 mitral annulus sites placing the sample volume at
postroseptal and lateral sites in the apical 4-chamber view, inferior and anterior sites in the apical 2-chamber
view, for measuring peak systolic myocardial velocity (Sa), early diastolic myocardial velocity(Average Ea),
late diastolic myocardial velocity (Average Aa). The ratio between E velocity from pulsed-Doppler echo and
Ea from TDI was calculated (E/Ea).

The TDI of the LA was assessed by placing sample volume at mid atrial segment of interest, usually about 2
mm for measuring velocity and preferably not more than 12 mm of length for strain because of its thin-
walled structure[15 ]..

The velocity range was set at 20 to 30 cm/s with minimal gain and lower �lter settings[16 ].

III- 2D Speckle tracking echocardiography examination of the
left atrium:
2D-STE was performed on gray scale images with good image quality to allow for good delineation of the
endocardial border and for feasibility of frame-to-frame tracking. The frame rate was set between 60–80
f/sec. we used the QRS onset as the reference point, applying a commercially available LV strain software
package to the left atrium. 2D speckle tracking analysis of LA global longitudinal strain (LA-GLS) and left
atrial peak longitudinal strain (LA-PLS) were obtained from the non-foreshortened apical 4-chamber view
[17]. The region of interest was adjusted to include the entire LA myocardium. Manual correction was
performed to optimize tracking results if needed.

Analysis of the LA strain curve was done to measure:

1. Peak atrial strain during ventricular systole (εS) measured just before mitral valve opening and it is
considered as a surrogate of the reservoir function.

2. Late peak strain just before the active atrial contractile phase (εCT) begins, at the onset of the P wave
on the electrocardiogram, as a surrogate of the contractile function.

3. Early diastolic peak strain (εE) as a surrogate of the conduit function. It is measured as the difference
between the (εS) and (εCT) [Fig. 1, Fig. 2]

Statistical analysis
Data were collected, revised, tabulated, and statistically analyzed. Quantitative data were expressed as
mean ± SD. The unpaired Student t-test was used for testing statistically signi�cant difference between the
means of two samples. The X2–test was used to detect statistically signi�cant relation between qualitative
variables. The result was considered signi�cant when P value was less than 0.05 and highly signi�cant
when less than 0.01.
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Results
This study included 101 participants, 65 patients with RA (mean age 45.93 ± 4.18 years) and 36 age
matched control subjects (46.37 ± 7.32 years) (p = NS). The mean disease duration was 9.29 ± 4.28 years
and the mean DAS28 was 3.45 ± 0.91.

Thirty-nine patients had active disease and constituted the �rst group (active RA) and 26 patients were in
remission and constituted the second group (Remission RA).

Baseline demographic and clinical characteristics are matching between those with active disease, in
remission and the control group in age and sex. Majority of our patients were females as the incidence of RA
is more in females.

The disease duration was matched in patients with active disease and those in remission and there was a
signi�cant difference as regard DAS28 as it the main topic for classi�cation.

RA patients (active and remission) had signi�cantly higher values of CRP, ESR, and triglyceride compared
with the control group with more elevation of CRP, ESR and neutrophile in active RA group compared with
the remission RA group (active vs. control, P = 0.000; remission vs. control, P = 0.001; and active vs.
remission, P = 0.01). On the other hand there were signi�cantly lower values of red blood cells count,
hemoglobin level and lymphocyte in RA groups (active and remission) than control group with signi�cantly
lower lymphocytic count in active RA compared with the remission, this explained by the effect of chronic
in�ammatory state on erythropoiesis. As regard both (PLR and NLR) there were statistically signi�cantly
higher in disease activity and remission when compared to control group (P value = o.oo, o.oo and 0.02 and
0.03 respectively) with no statistically signi�cant difference between the disease groups (active and
remission). No signi�cant difference between the 2 groups in respect to WBCs, platelet count and INR.

Both active RA patients and those in remission had signi�cantly higher LV dimensions, wall thickness, and
signi�cantly lower EF% and FS % compared to the control group with no signi�cant differences in these
parameters between active and remission group.

In trans-mitral Doppler �ow and TDI parameters there were no signi�cant difference among the active and
remission groups as regard MV-E velocity, MV-A velocity, MV-E/A ratio, average LV Em, average LV Am and
LV E/Em. Although there is a signi�cant higher MV-A velocity, MV-E/A average LV Am and LV E/Em and
lower average LV Em between the patients (either active or in remission) and control group.

LA diameters (anteroposterior and superior inferior), LA volumes (maximum, minimum and pre) and LA
volume index (maximum, minimum and pre) did not differ among different disease severity groups although
the difference is signi�cant when comparing active rheumatoid arthritis versus control or rheumatoid
patients in remission compared to control group (table 1).

LA functions (reservoir, conduit and contractile function) did not differ among different disease severity
groups although the difference is signi�cant when comparing active rheumatoid arthritis versus control or
rheumatoid patients in remission compared to control group.(table2 ).
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There is highly signi�cant lower value of LAGLS and 2D-peak LAS in rheumatoid arthritis patient (in
remission or active disease state) compared to control group as in �gure (3) and this difference also is
highly signi�cant regarding LA GLS but not 2D-peak LAS regarding diseases severity state (active versus
remission) (Table 2) .

There was a signi�cant negative correlation between RA disease activity score level and LAGLS (r=-0.60, p
value = 0.001)

Discussion
Rheumatoid arthritis whatever the disease activity compared to the general population is associated with
increases in both mortality and morbidity. In rheumatoid arthritis CVDs is the leading cause of death even
with preserved LV systolic function[18 ].

In this study we assessed LA function by non-invasive echo-Doppler parameters (conventional, tissue
Doppler and STE) in RA patients with and without disease activity. The LA deformation dynamics were
impaired in RA patients compared with age and gender matched controls with more reduction of both LA-
GLS and LA-PLS in disease activity versus remission. The magnitude of LA dysfunction was related to
severity of left ventricular diastolic dysfunction (LVDD).

The left atrium plays at least three major physiologic roles in contraction and relaxation. During ventricular
systole and isovolumic relaxation, the left atrium operates as a ‘reservoir’ that receives blood from the veins.
During early ventricular diastole, the left atrium serves as a ‘conduit’ for blood transfer into the ventricle.
Finally, the ‘booster pump function’ of the left atrium augments ventricular �lling during the late phase of
ventricular diastole. Left atrial dysfunction has been implicated in a variety of disorders, from hypertension
to ischemic stroke. In this study, we excluded patients with pre-existing conditions to evaluate the impact of
RA whether active or in remission on LA function.

Left ventricular diastolic dysfunction (LVDD) was reported to show high prevalence in rheumatoid arthritis,
but due to its dependance on measurement of multiple diastolic dysfunction parameter[13 ]..s, it remains
di�cult to characterize and it had interobserver variations.

Left atrial volumes and functions are important predictors for adverse cardiac events and are considered
markers for left ventricular diastolic dysfunction severity and chronicity[9 ].

The severity and chronicity of LVDD in a variety of cardiovascular conditions is an established surrogate
marker for maximum left atrium volume[13 ]. In addition to size,

LA function determines the structural and functional adaptive changes of LA that characterize diastolic
function of LV. In exercise, the LA contributes to one-third of the cardiac output if systolic function is
preserved. So, [15 ].. LA adaptive functional changes became more evident in those patients with worsened
LV systolic and diastolic function[13 ].
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In this study, Lipid pro�le was elevated in rheumatoid arthritis patients than control and this might be
partially explained by elevated in�ammatory markers as CRP and ESR.

Although there were variations in cardiac dimensions and parameters of LV systolic function between all
studied groups but all were still within the normal range. On the other hand, the diastolic parameters were
found to be impaired in rheumatoid arthritis patients by conventional echocardiography and TDI parameters
with no signi�cant difference between disease activity state, which means that presence of rheumatoid
arthritis and may be other rheumatologic diseases, can affect LV diastolic function.

In the current study, the LA volumes and indices were much elevated in rheumatoid arthritis patients
compared to control with no statistical difference regarding disease activity. Also, there were reduced LA
reservoir and contractile function and increased conduit function in rheumatoid arthritis patients.

This is concordant with a study in 2020 where left atrial volumes showed a signi�cant difference between
patient and controls, with no correlation to disease activity. On the other hand, this study showed an inverse
relation between tissue Doppler parameters velocities (Em, Am, Sm) with the rheumatoid factor regardless
disease activity or duration. They studied only LA GLS and found signi�cant difference between patients
and controls but they did not study the difference in disease activity state [19]. To our knowledge in the
literature, no previously published study compared LA GLS or LAS with different RA activity states.

Other study used another index (LA expansion index) as a predictor of AF occurrence and found LA
expansion index -having a prognostic power exceeding that of LA volumes. Unfortunately, we did not include
this index in the current study.

Left atrium mechanics estimated from measuring deformation of LA myocardium using strain and strain
rate (SR) imaging is a new tool in cardiac imaging with the widespread use of 2D-speckle tracking
echocardiography in clinical practice to pick up subclinical conditions [20].

In this study, there were signi�cant reduction in LA GLS and 2D-peak LAS in rheumatoid arthritis patients
and this difference is extended to be signi�cant between active and remission cases in respect to LA GLS
only. Also, the current study revealed there is signi�cant negative correlation between LA GLS and
rheumatoid arthritis disease activity score. This �nding may be explained by left atrial stiffness severity. So,
subclinical LA dysfunction can be anticipated from rheumatoid arthritis activity score as our study showed.

Another work, studied the effect of interleukin inhibitor on myocardial deformation and vascular function in
RA patients, and they found a signi�cant improvement in LV GLS after treatment by interleukin inhibitors
especially in coronary artery disease patients [21 ]. Their data support our study �ndings that the disease
activity is directly proportionate to worsening of myocardial function whether LV or LA function.

Conclusion
LA function is impaired in rheumatoid arthritis patients and this impairment correlates with the disease
activity score (DAS28). The LA-GLS is superior in detection of subclinical left atrial dysfunction.
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We recommended further studies using other modalities MRI to delineate ventricular and atrial tissue
characterization and the presence & degree of �brous tissue in the myocardial of patient having rheumatoid
arthritis.
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Tables
Table (1): Comparison between active RA, remission RA and control group as regard left
atrium diameters and volumes.
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Variable Active RA
(n=39)

Remission
(n=26)

Control
(n=36)

Active
VS
control
P value

Remission
Versus
control P
value

Active VS
Remission
P value

LA antero-
post
diam(mm)

36.64±4.89
 

36.57±6.70
 

33.02±1.97 **0.001 0.01 NS

LA sup-inf
diam (mm)

40.0±7.88
 

37.26±7.99
 

34.17±2.26 **0.001 NS NS

LA med-lat
diam(mm)

36.15±7.57
 

31.96±6.97
 

32.40±3.30 0.01 NS NS

LAV Max (ml) 50.71±21.39
 

51.50±19.52
 

34.34±3.66 **0.001 **0.001 NS

LAVI
Max(ml/mm2)

26.871±10.01
 

26.33±9.79
 

17.67±1.69 **0.001 **0.001 NS

LAV Min (ml) 24.15±13.37
 

23.61±11.87
 

11.85±1.98 **0.001 **0.001 NS

LAVI
Min (ml/mm2)

13.16±6.40
 

13.17±6.40
 

5.76±.0.95 **0.001 **0.001 NS

LAV
Pre (mm)

31.12±14.96
 

29.84±11.44
 

17.97±1.93 **0.001 **0.001 NS

LAVI Pre (ml/
mm2)

17.13±7.02
 

15.53±6.06
 

9.88±1.07 **0.001 **0.001 NS

* Significant difference (p value<0.05), ** Highly significant difference (p value<0.001).
 
Table (2):   Phasic left atrium Speckle tracking echocardiography and left atrial deformation
in relation to disease activity compared with the control group.
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Variable Active RA
(n=39)

Remission
(n=26)

Control
(n=36)

Active
VS
control
P value

Remission
Versus
control P
value

Active VS
Remission
P value

Reservoir
function %
(εS)

59.77±8.43
 

57.160±8.43
 

67.69±2.15 **0.001 **0.001 NS

Conduit
function
% (εS - εCT)

77.19±20.65 82.30±18.74 61.71±7.86 **0.001 **0.001 NS

Contractile
function %
(εCT)

27.04±19.30
 

24.72±19.20
 

57.50±16.70 **0.001 **0.001 NS

LA GLS 11.81±1.5
 

13.87±1.32
 

25.51±2.34 **0.001 **0.001 **0.001

2D-Peak
LAS(%)

19.02±5.43
 

20.96±2.10
 

30.74±2.10
 

**0.001 **0.001 NS

LAGLS (%): left atrial global longitudinal strain percentage, 2D-Peak LAS(%): 2- dimension peak
left atrial strain percentage

Figures
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Figure 1

apical 2-chamber view of left atrial global longitudinal strain by speckle tracking echo
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Figure 2

apical 4-chamber view of left atrial global longitudinal strain by speckle tracking echo
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Figure 3

comparison between the studied groups as regard LAGLS and 2D-peak LAS


