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ARTICLE INFO ABSTRACT

Keywords: Background: Despite the recent advances in computational fluid dynamics (CFD) techniques applied to blood
Atrial fibrillation flow within the left atrium (LA), the relationship between atrial geometry, flow patterns, and blood stasis
Atrial flow split ratio within the left atrial appendage (LAA) remains unclear. A better understanding of this relationship would

Blood stasis

Computational fluid dynamics
Left atrial appendage
Stagnant blood volume

have important clinical implications, as thrombi originating in the LAA are a common cause of stroke in
patients with atrial fibrillation (AF).

Aim: To identify the most representative atrial flow patterns on a patient-specific basis and study their
influence on LAA blood stasis by varying the flow split ratio and some common atrial modeling assumptions.
Methods: Three recent techniques were applied to nine patient-specific computational fluid dynamics (CFD)
models of patients with AF: a kinematic atrial model to isolate the influence of wall motion because of AF,
projection on a universal LAA coordinate system, and quantification of stagnant blood volume (SBV).
Results: We identified three different atrial flow patterns based on the position of the center of the main
circulatory flow. The results also illustrate how atrial flow patterns are highly affected by the flow split ratio,
increasing the SBV within the LAA. As the flow split ratio is determined by the patient’s lying position, the
results suggest that the most frequent position adopted while sleeping may have implications for the medium-
and long-term risks of stroke.

1. Introduction episodes, abnormal contractions lead to blood stasis in the left atrial
appendage (LAA), increasing the risk of thrombosis. Patients with AF

Cardiovascular diseases account for approximately 30% of all an- have a five-fold higher risk of stroke than those without AF [8]. If AF
nual deaths worldwide [1]. Among these, ischemic heart disease and persists for months or years, it can initiate several mechanisms that can
stroke were the two leading causes of death between the period 1990~ cause adverse atrial remodeling, including a variety of tissue changes
2019 [2]. Atrial fibrillation (AF) is the most common type of cardiac that alter the biomechanical and electrical function of the myocardium.

arrhythmia [3]. Its prevalence is estimated to reach approximately
16 million in the United States by 2050 [4] and 17.9 million in
the European Union by 2060 [5]. During an episode of AF, thrombi
can originate in the left atrium (LA). These thrombi will cause more
than 20% of the 18 million yearly ischemic strokes. Furthermore,
another 30% of ischemic strokes are believed to originate in the LA
in individuals with subclinical AF or sinus rhythm [6].

AF is typically initiated by an alteration in the electrical impulses of

This remodeling process affects the morphology of the LA/LAA bundle,
the recurrence of AF episodes, and increases the risk of stasis in the
LAA [9]. This stasis increase is reported even under sinus rhythm [10],
as atrial remodeling seems to be correlated with a lower atrial ejection
fraction and a higher LA retention ratio.

The LAA is a cavity within the LA that is a remnant of the em-
bryonic developmental stage [11]. Their morphology depends on the

pulmonary veins (PV), producing an irregular pattern of atrial contrac- individual [12]. Although the exact physiological purpose of the LAA

tion [7]. These episodes are called paroxysmal when they last briefly or is not fully understood, it is believed to act as a contractile reservoir or
permanent when the heart cannot return to sinus rhythm. During these decompression chamber, depending on the cardiac cycle phase [13].
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that the optimal rest position to minimize SBV can be determined by
employing patient-specific simulation, which may have implications
for the risk of LAA stasis and thus affect cardiovascular health in the
medium and long term.

Finally, some of the most common assumptions used in atrial sim-
ulations were tested to quantify their influence on atrial flow patterns,
and non-Newtonian effects and the rigid-wall model were evaluated.
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