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Left Atrium Reservoir Strain and Cardiovascular Hemodynamics: the 
Hidden Truths Reveal Far More Than What is Readily Apparent
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“If it is any point requiring reflection,  
we shall examine it to better purpose in the dark.”

— Edgar Allan Poe, The Purloined Letter (1844)

Over the past 15 years, Speckle-tracking Echocardiography 
has evolved into a robust technique for assessing both global 
and regional myocardial function. Among its expanding 
applications, Left Atrial (LA) strain, particularly in the reservoir 
phase, has emerged as a clinically relevant parameter. 
A reduced Left Atrial Strain reservoir (LASr) has been 
independently associated with elevated Left Ventricular (LV) 
filling pressures, recurrence of atrial fibrillation, heart failure 
hospitalizations, and overall cardiovascular mortality.1,2 
Reflecting this growing body of evidence, LASr has been 
formally incorporated into clinical practice in the recently 
published  “Recommendations for the Evaluation of Left 
Ventricular Diastolic Function by Echocardiography and for 
Heart Failure With Preserved Ejection Fraction Diagnosis: An 
Update From the American Society of Echocardiography.”3

Despite this, the complexity of LA mechanics has largely 
followed an oversimplified approach: it is often treated as a 
surrogate marker of filling pressures, evaluated in isolation and 
interpreted using fixed cut-off values, without integrating the 
hemodynamic and mechanical context in which the atrium 
operates. While such an approach has facilitated its clinical 
adoption, it may obscure important physiological nuances and 
lead to misinterpretation in complex scenarios.

The LA wall is histologically similar to the pulmonary veins, 
with a mean thickness ranging from 2.3 to 4.4 mm, which can 
be less than 30% of the LV wall thickness.4 This makes it highly 
sensitive to the mechanical influence of adjacent structures 
that operate at a much higher force scale. Therefore, from a 
physiological standpoint, LA reservoir strain is a composite 
biomarker, shaped by at least three major components:5,6

1.	 Early atrial relaxation, shown by the  S1-wave of 
pulmonary venous flow, which indicates the initial 
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suction phase of the reservoir function. This is best 
appreciated when LA volume changes are analyzed 
alongside LA pressure waveforms, and occasionally 
appears as a subtle notch at the onset of the LASr curve.

2.	 Longitudinal systolic function of the ventricle, responsible 
for the apical displacement of the Atrioventricular (AV) 
plane during systole. This component stretches the LA 
wall and directly contributes to reservoir strain amplitude.

3.	 Left atrial pressure, particularly the  V-wave, which 
modulates atrial wall tension and LA compliance.

These three forces interact dynamically and define the 
shape and magnitude of the LASr curve. This concept has 
been supported by physiological studies showing that acute 
changes in afterload, such as those induced by isometric 
handgrip, can significantly impact LA reservoir strain.7 In this 
setting, increased LV pressure results in altered LASr patterns, 
even in the absence of changes in intrinsic atrial function — 
highlighting the load dependency of this metric (Figure 1).

Such physiological interplay may yield practical clinical 
insights. Consider patients with non-severe mitral regurgitation 
undergoing  Cardiac Resynchronization Therapy (CRT). 
Improvement in mitral regurgitation often reduces LA preload8 
and subsequently decreases LASr, despite favorable LV 
remodeling and decreased LV end-systolic volume. Without 
hemodynamic contextualization, this apparent paradox might 
be misinterpreted as functional worsening, when in fact it 
reflects normalization of loading conditions.

A second, more complex scenario involves patients 
with  paradoxical low-flow, low-gradient aortic stenosis, a 
subgroup that often overlaps with HFpEF physiology. In such 
cases,  low-dose nitroprusside infusion  has been explored 
as a hemodynamic tool to assess contractile reserve and 
guide treatment. Simultaneous assessment of Pulmonary 
Capillary Wedge Pressure (PAWP) and Left Atrial (LA) strain 
during vasodilation can provide further insights: a reduction 
in PAWP accompanied by an increase in LASr, in response 
to reduced LA pressure, may indicate a load-sensitive 
phenotype with increased afterload-mediated systolic and 
diastolic dysfunction, which supports prioritizing guideline-
directed medical therapy for HFpEF and provides caution and 
concerns towards more invasive treatment as Transcatheter 
Aortic Valve Implantation (TAVI), that could potentially 
lead to further increase in pulsatile vascular load and thus 
worsening abnormal ventricular-vascular coupling.9 While 
these strategies remain exploratory, they reflect a growing 
recognition that dynamic assessment of atrial mechanics can 
enrich the diagnostic and therapeutic process.

Another fact that we need to consider is the interplay that 
exists between the different phases of Left Atrial physiology. In DOI: https://doi.org/10.36660/abc.20250068i
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some circumstances, a decrease in LA pressure could not affect 
the reservoir phase. This is probably because this phase also 
reflects the rigidity of the Left Atrium, which can be impacted 
by the chronicity of the disease. In these cases, the active 
contractile function of the left atrium may more accurately 
indicate improvements in hemodynamics.10

In conclusion, LASr should be interpreted not merely as a 
static marker of atrial function, but rather as a dynamic signal, 
modulated by ventricular mechanics and loading conditions. 

It is not so much what is revealed by absolute LASr values, 
but what is concealed within its shape, context, and variation 
under stress, that demands investigation. Future studies should 
aim to refine its application through integrated multiparametric 
approaches, incorporating both strain and hemodynamic 
markers. Such strategies may enhance the diagnostic precision 
of echocardiography in complex conditions like HFpEF, valvular 
disease, and atrial cardiomyopathy — where understanding the 
heart as a system, rather than as isolated chambers, is critical.

Figure 1 – Speckle-tracking Echocardiography (STE) was used to extract strain curve segments from the left Ventricle (LV) during the 
ejection phase and from the Left Atrium (LA) during the reservoir phase. Polynomial regression was applied to each segment, generating 29 
shape coefficients per phase: LV Ejection Linear Coefficients (ELC) and LA Reservoir Linear Coefficients (RLC). Curves from a representative 
subject (in blue) are displayed alongside population-level polynomial fits for baseline and isometric handgrip conditions (dotted lines). This 
approach was used to quantitatively assess ventricular and atrial myocardial mechanics beyond peak strain values. The acute increase in 
afterload induced by the handgrip maneuver mobilizes the contractile reserve of the LV and, in ventricles with limited reserve, reduces 
the velocity and magnitude of contraction. This imbalance may result in afterload-mediated LV systolic dysfunction and modify the slope 
of the LA reservoir strain curve, thereby altering its overall shape. These changes are quantitatively captured by shifts in the polynomial 
coefficients,6 providing a quantitative marker of atrioventricular coupling and functional reserve under stress.

1.	 Almeida ALC, Melo MDT, Bihan DCSL, Vieira MLC, Pena JLB, Del 
Castillo JM, et al. Position Statement on the Use of Myocardial Strain in 
Cardiology Routines by the Brazilian Society of Cardiology’s Department Of 
Cardiovascular Imaging - 2023. Arq Bras Cardiol. 2023;120(12):e20230646. 
doi: 10.36660/abc.20230646. 

2.	 Thomas L, Marwick TH, Popescu BA, Donal E, Badano LP. Left Atrial 
Structure and Function, and Left Ventricular Diastolic Dysfunction: JACC 
State-of-the-Art Review. J Am Coll Cardiol. 2019;73(15):1961-77. doi: 
10.1016/j.jacc.2019.01.059. 

References

29 LV Ejection Linear Coefficients (ELC)
LV strain curve shape feature

LV polynomial fit 
(1 subject)

LV curve segments

29 LA Reservoir Linear Coefficients (ELC)
LA strain curve shape feature

LA polynomial fit 
(1 subject)

LA curve segments

		 Fit Handgrip
	

	 Fit Baseline

	 Patient Handgrip
	

	 Patient Baseline

LV Ejection LA reservoir

LA STELV STE



Arq Bras Cardiol: Imagem cardiovasc. 2025;38(3):e202500683

Editorial

Hortegal et al.
LA Strain and Hemodynamics

This is an open-access article distributed under the terms of the Creative Commons Attribution License

3.	 Nagueh SF, Sanborn DY, Oh JK, Anderson B, Billick K, Derumeaux G, et al. 
Recommendations for the Evaluation of Left Ventricular Diastolic Function 
by Echocardiography and for Heart Failure with Preserved Ejection Fraction 
Diagnosis: An Update from the American Society of Echocardiography. J Am 
Soc Echocardiogr. 2025;38(7):537-69. doi: 10.1016/j.echo.2025.03.011. 

4.	 Ho SY, Cabrera JA, Sanchez-Quintana D. Left Atrial Anatomy Revisited. 
Circ Arrhythm Electrophysiol. 2012;5(1):220-8. doi: 10.1161/
CIRCEP.111.962720.

5.	 Hoit BD, Gabel M. Influence of Left Ventricular Dysfunction on the 
Role of Atrial Contraction: An Echocardiographic-Hemodynamic Study 
in Dogs. J Am Coll Cardiol. 2000;36(5):1713-9. doi: 10.1016/s0735-
1097(00)00922-0.

6.	 Nishimura RA, Abel MD, Hatle LK, Tajik AJ. Relation of Pulmonary Vein to 
Mitral Flow Velocities by Transesophageal Doppler Echocardiography. Effect 
of Different Loading Conditions. Circulation. 1990;81(5):1488-97. doi: 
10.1161/01.cir.81.5.1488. 

7.	 Uemoto RV, Cancellier R, Hortegal R, Freitas RV, Maduro Y, Paganelli M, 
et al. The Impact of Isometric Handgrip Testing in Left Atrial Reservoir 
Function. Eur Heart J Cardiovasc Imaging. 2022;23(Suppl 1):jeab289.104. 
doi:10.1093/ehjci/jeab289.104.

8.	 Russo E, Russo G, Cassese M, Braccio M, Carella M, Compagnucci P, et al. 
The Role of Cardiac Resynchronization Therapy for the Management of 
Functional Mitral Regurgitation. Cells. 2022;11(15):2407. doi: 10.3390/
cells11152407.

9.	 Reddy YNV, Nishimura RA.  Paradox of  Low- Gradient  Aort ic 
S tenos i s .  Ci rculat ion.  2019;139(19):2195-7.  doi :  10.1161/
CIRCULATIONAHA.118.038252.

10.	 Le Bihan DC, Togna DJD, Barretto RB, Assef JE, Machado LR, Ramos AI, et 
al. Early Improvement in Left Atrial Remodeling and Function after Mitral 
Valve Repair or Replacement in Organic Symptomatic Mitral Regurgitation 
Assessed by Three-Dimensional Echocardiography. Echocardiography. 
2015;32(7):1122-30. doi: 10.1111/echo.12817.

https://creativecommons.org/licenses/by/4.0/

