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Abstract

Background: Cardiac mechanics are influenced by loading conditions as well as

sympathetic tone. Left atrial (LA) contractile function assessed by two‐dimensional

(2D) strain has been described in the setting of controlled preload alterations;

however, studies show conflicting findings about change or direction of change. We

hypothesized that the controlled preload reduction and the sympathetic nervous

system activation that occurs during a standardized Valsalva manoeuvre would bring

about a change in LA contraction strain.

Methods: Healthy young adults of both sexes were recruited. Transthoracic

echocardiographic ultrasound images were collected before and during a Valsalva

manoeuvre. Standard imaging windows for LA strain assessment were used and the

images were copied and stored for later offline analysis. These were assessed for

adequate atrial wall visualization in 2D strain assessment. Paired comparisons were

carried out using Student's T test.

Result: Thirty‐eight participants were included and there were 22 complete studies

with paired pre‐ and during Valsalva manoeuvre. LA contraction strain at baseline

was 10.5 ± 2.8% (standard deviation) and during the Valsalva manoeuvre

10.6 ± 4.6%, p = 0.86.

Conclusion: The Valsalva manoeuvre, a combination of preload reduction and

sympathetic nervous system activation, seems not to be associated with a change in

LA contraction strain in healthy young individuals. LA contraction strain should be

interpreted in the context of both atrial loading conditions and prevailing autonomic

nervous system activity.
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1 | INTRODUCTION

Cardiac mechanics are influenced by loading conditions as well as

sympathetic tone (Meyer et al., 2010; Smiseth et al., 2021). How

cardiac mechanics are affected by different loadings conditions is not

yet completely understood, neither in healthy nor in critically ill

individuals. When assessing critically ill patients with altered

hemodynamics, cardiac echocardiography may be useful to guide

therapy (Cecconi et al., 2014).

Left atrial (LA) contractile function assessed by two‐dimensional

(2D) strain (left atrial contraction strain, LASct), has been described in

the setting of controlled preload alterations; however, studies show

conflicting findings concerning LASct changes (Dermlim et al., 2019;

Genovese et al., 2018; Gottfridsson et al., 2022; Mah et al., 2020;

Obokata et al., 2013). LA strain may be a measurement that could

provide insight into LA and even left ventricular function, with the

advantage of allowing serial assessments in individuals to guide

diagnosis or treatment. When atrial afterload is elevated, for example,

in advanced ventricular dysfunction, LASct has been found to be

reduced (Cameli et al., 2016; Inoue et al., 2021). However, how

changes in autonomic nervous system input to the heart affect LASct

has not yet been well described. One study with controlled preload

reductions and general anaesthesia (reduced autonomic nerve system

output) describes possible LASct reduction (Howard‐Quijano

et al., 2015).

Our study focuses on the combination of both controlled preload

reduction and sympathetic nervous system activation, and their

effects of them on LASct. In acute critical illness, it is common that

the neuroendocrine stress response, in combination with intra-

vascular fluid shifts, leads to a reduced venous return to the heart

and increased sympathetic tone (Merx & Weber, 2007). Our aim was

to determine if there was a predictable change in LASct in response

to an experimentally controlled reduction in preload with a

simultaneous increase in sympathetic nervous system activity

achieved via the Valsalva manoeuvre in healthy volunteers. We

hypothesized that the controlled preload reduction and the sympa-

thetic nervous system activation that occurs during a standardized

Valsalva manoeuvre would bring about a change in LASct.

2 | METHODS

The project received ethical approval from the Regional Board of

Ethics in Umeå, Research with Humans (Dnr 2017‐327‐31M). Trial

design and analysis details were registered at www.clinicaltrails.gov

(NCT03436030).

For this study, healthy and consenting young adults of both

sexes were recruited for assessment through an advertisement to

medical students at Umeå University. Inclusion criteria were age over

18 and self‐reported general health, and exclusion criteria were

pathology detected on the screening baseline echocardiographic

assessment done before data collection. Transthoracic echocardio-

graphic ultrasound images were collected by one expert operator

(Lucy Law) using a Vivid 9 ultrasound machine with an M5S cardiac

ultrasound probe (GE Healthcare). Patients were supine, or if required

for image quality, slightly left decubitus for all imaging. Standard

imaging windows were used with a particular focus on the apical

four‐chamber view and optimization of the LA. At least three heart

cycles were recorded and stored for later offline analysis as DICOM

files. The measurements were made using commercial software (Echo

Pac 203 rev 66.4 GE Healthcare).

The Valsalva manoeuvre was carried out using a resistance tube

connected to a manometer which the participants exhaled against.

The goal of 40 cm H2O generated airway pressure was the threshold

considered for successful and adequate manoeuvre performance.

The physiologic response to the Valsalva manoeuvre can be divided

into four phases, as illustrated in Figure 2, where Phase 1 consists of

an initial preload increase of the left ventricle (LV) lasting a few heart

strokes after starting the manoeuvre. Phase 2 consists of a preload

decrease and sympathetic nervous system activation. Phase 3 is the

immediate response after stopping the manoeuvre and Phase 4 is the

slow recovery (Ghazal, 2017).

A full echocardiographic study was recorded at rest. Then

targeted imaging was performed as a baseline at rest, and again

during the Valsalva manoeuvre Phase 2. The manoeuvre was

repeated as required until all the images were acquired. The

volunteers had at least 1min of recovery between each attempt

and an average of two attempts were required. The following images

were recorded: LV, LA, Doppler measurements over the mitral valve,

aortic valve and tissue Doppler over the lateral LV base. Noninvasive

blood pressure measurement was recorded for each measurement

sequence using automatic software (Finapres Medical Systems).

Longitudinal strain analysis of the LV and LA were measured as

per published guidelines (Badano et al., 2018; Voigt et al., 2020, 2015).

Specific heart cycles were chosen to optimize image quality. The

myocardial walls were traced manually by a “point and click” method

in the analysis software. The chamber wall region of interest width

for analysis was manually adjusted to approximately 3mm. The

tracing was managed in five segments. Care was taken to make sure

that the traced regions of interest followed the observed myocardial

wall during the heart cycle. If one segment did not trace well, the

whole series was rejected.

2.1 | Analysis

Grouped results for the different variables were assessed using

descriptive statistics and tested for normal distribution with the

Shapiro–Wilks test. Paired comparisons were carried out using

Student's T test (IBM SPSS Statistics for Windows, Version 27.0).

Summary results are presented as means with standard deviation.

A power calculation to support sample size estimation was done

using a power of 0.8; α, 0.05; baseline LASct estimate, 12.0 and

intervention LASct estimate change, 2.5, with a standard deviation of

4 in both groups (based on pilot observations). This supported an

estimated sample size of 23, and inclusion was planned for
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40 participants given the risk of dropouts and image quality‐analysis

challenges.

3 | RESULTS

Thirty‐eight participants were included, 18 females and 20 males.

The mean age was 25.3 ± 3.6 years and the mean body mass index

was 23.8 ± 1.9 kg/m2. All participants stated that they were healthy

and there was no pathology detected with the full echocardiographic

exam. All participants completed the interventions without difficulty.

Ultrasound files were lost for two participants when transferring

from the ultrasound machine to the hard drive, resulting in ultrasound

material for 36 individual participants being included for further

assessment. These were assessed for adequate atrial wall visualiza-

tion in 2D strain assessment. It was not possible to get an acoustic

window adequate for LA strain analysis in 14 participants during the

Valsalva manoeuvre, despite rigorous effort. There were 22 complete

studies with the paired pre‐ and during Valsalva LA strain measure-

ments (Figure 1).

Timing for the typical echocardiographic targeted imaging

sequence is demonstrated in Figure 2. A representative example of

LA strain measurement in a single heart cycle is shown in Figure 3.

The main result was that the Valsalva manoeuvre was not

associated with a change in LASct, even though LA loading, measured

as a decrease in LA area, was reduced (Table 1). Stroke volume was

reduced during the Valsalva measurement as demonstrated by left

ventricular outflow tract velocity–time integral values.

4 | DISCUSSION

We successfully conducted structural and functional ultrasound‐

based assessments during Phase 2 of the Valsalva manoeuvre, as

demonstrated by the early transmitral flow (E) and LA area changes

when compared to baseline. The main finding was that LASct

demonstrated no systematic change between baseline compared to

that measured during phase 2 of a Valsalva manoeuvre. The Valsalva

manoeuvre is understood to, and used for, bringing about simulta-

neous preload reduction and sympathetic nervous system activation

with input to cardiac contractile function (Ghazal, 2017).

Concerning secondary results, there was no difference in grouped

heart rate values, as an indication that the echocardiographic targeted

imaging was in the middle of Phase 2 (Ghazal, 2017). Interestingly, the

Valsalva manoeuvre, as conducted with this study protocol, seems to

be associated with a significant reduction of the early diastolic maximal

lateral mitral annular tissue velocities. However, no reduction was

measured in the systolic tissue doppler velocities.

There may be several possible explanations for why the Valsalva

manoeuvre did not bring about a clear change in LASct. This might be

due to a net zero change, as the combined decrease in load and

increase and sympathetic tone caused by the performance of the

manoeuvre cancel each other out. This would mean that interpreting

change in LASct needs to be made in the context of both load and

sympathetic tone.

In healthy subjects, the atrial systolic contribution to ventricular

filling is relatively small. In conditions where ventricular compliance is

reduced and filling pressures are higher, for example, with ventricular

diastolic dysfunction, there can be a clinically important ventricular

filling contribution from atrial systole. For this reason, LA strain and

strain rate measures are sometimes presented together with left

ventricular global strain values (Lindqvist & Henein, 2021; Mălăescu

et al., 2022). Our study question was focused on LA strain

independently in the setting of healthy heart chambers and LASct

was not assessed where LV dysfunction was present.

F IGURE 1 A flowchart showing participant inclusion and
assessment process.

F IGURE 2 An example of Finapres measurements recorded
during the Valsalva manoeuvre for one participant. A targeted
echocardiographic imaging recording were done during Phase 2 of
the Valsalva sequence. DBP, diastolic blood pressure; Echo TI,
echocardiographic targeted imaging; HR, heart rate; min, minutes;
mmHg, millimetre of mercury; SBP, systolic blood pressure.
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When implementing the Valsalva manoeuvre as a controlled

intervention, care needs to be taken to sample the specific phase of

interest in the study context, since it is widely recognized that there

are multiple phases within the manoeuvre that correspond with

different loading conditions, as well as autonomic nervous system

activity. The goal was to generate a condition where sympathetic

nerve system input to the heart was transiently increased, where at

the same time there was a preload restriction. This is a clinical

situation that is not uncommon in cases of critical illness and positive

pressure ventilatory support. In this data collection and analysis,

much attention was given to this experimental condition for data

collection. The major limitation was image quality during Phase 2

since good resolution of atrial wall movement is needed for strain

analysis. This is why the two‐chamber view was not used in the

analysis, though two‐chamber views were acquired and assessed.

A strength of the study design was that paired measurements for

participants could be acquired, increasing the power of the analysis to

identify changes in ultrasound variables using paired comparison.

One limitation of this study design was a relatively small sample size,

however even considering this, it is unlikely that the study would

have missed a large effect on LASct due to the Valsalva manoeuvre.

In addition, no reproducibility analysis is presented for the LASct

measurement which could have added confidence to the numerical

result. Since this cohort included only healthy young individuals, no

generalization can be made regarding cohorts with increased age or

cardiovascular disease. The present findings reflect normal healthy

conditions and provide reference values for the effects of the

Valsalva manoeuvre on LA strain in a healthy young population.

We conclude that with the Valsalva manoeuvre, where a

combination of preload reduction and sympathetic nervous system

activation occurs, there does not seem to be a notable change in LA

contraction strain in healthy young individuals. We further conclude

that LA contraction strain measurements should be interpreted in the

context of both load and sympathetic nervous tone conditions.

F IGURE 3 Strain imaging over a single heart cycle. This example shows the left atrial contraction strain measurement based on summary
values from segmental interrogation. LAScd, left atrial conduction strain; LASct, left atrial contraction strain; LASr, left atrial reservoir strain.

TABLE 1 Ultrasound results

N = 22 Pre Valsalva During Valsalva p Value

LASct (%) 10.5 (2.8) 10.6 (4.6) 0.86

LASr (%) 44.9 (6.5) 35.4 (7.7) <0.001

LA area (cm−2) 17.9 (3.5) 11.5 (2.9) <0.001

LV GLS (%) −19.5 (2.1) −17.5 (2.9) <0.001

LVOT VTI (cm) 23.0 (5.9) 16.7 (4.1) <0.001

E (m/s) 0.78 (0.04) 0.57 (0.07) <0.001

A (m/s) 0.39 (0.08) 0.41 (0.07) 0.79

e (m/s) 0.15 (0.01) 0.10 (0.02) <0.001

a (m/s) 0.054 (0.01) 0.047 (0.01) 0.14

S (m/s) 0.096 (0.01) 0.101 (0.02) 0.59

HR (min−1) 63.5 (9.9) 65.2 (5.8) 0.35

LV EDV (ml) 107.3 (31.6) 82.3 (19.7) <0.001

Note: Results are presented as mean values with standard deviation.

Abbreviations: A, late trans mitral maximum flow velocity; a, late diastolic
maximal lateral mitral annular tissue velocity with atrial contraction;
E, early trans mitral maximum flow velocity; e, early diastolic maximal
lateral mitral annular tissue velocity; HR, heart rate; LA area, left atrial

end‐systolic area; LASct, left atrial contraction strain; LV EDV, left
ventricular end‐diastolic volume; LV GLS, left ventricular global
longitudinal strain; LVOT VTI, left ventricular outflow tract velocity–time
integral; S, maximal systolic lateral mitral annular tissue.
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