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Clinical management of aortic 
valve regurgitation after left 
ventricular assist device 
implantation: prediction, 
assessment, and treatment 
strategies
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Department of Clinical Research, Aerospace Taixin Technology Co., Ltd., TianJin, China

Left ventricular assist devices (LVADs) have become a core treatment modality 

for end-stage heart failure. However, aortic regurgitation (AR) remains a 

common postoperative complication that significantly threatens patient 

outcomes. This narrative review examines the pathophysiological mechanisms, 

predictive factors, assessment methods, and intervention strategies for AR 

following LVAD implantation, aiming to provide guidance for clinical practice. 

Studies have shown that preoperative age ≥60 years, female gender, lower 

body surface area, mild AR, proximal ascending aorta diameter/body surface 

area > 15.5 mm/m2, and higher cumulative dose of beta-blockers increase the 

risk of AR. Postoperative aortic valve opening restriction and prolonged LVAD 

support time are strong predictors of significant AR. Among device types, axial 

flow pumps have a higher incidence of AR than fully magnetic levitation 

centrifugal pumps; Traditional assessment methods have limited applicability 

and should be combined with hemodynamic characteristics (such as central 

venous pressure, pulmonary capillary wedge pressure, and pulmonary artery 

pulsatility index) and multimodal imaging techniques such as transthoracic 

echocardiography (AR width/LVOT width ratio), transesophageal 

echocardiography, and cardiac magnetic resonance imaging; Preoperative 

repair or replacement of moderate or severe AR can reduce postoperative 

risks, and transcatheter aortic valve replacement (TAVR) is the preferred 

treatment for significant AR postoperatively. Future efforts should focus on 

optimizing the assessment system and improving device design to enhance 

long-term patient outcomes.
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Introduction

Heart failure is a highly prevalent chronic cardiovascular disease worldwide, and its 

incidence in China has been steadily rising with the acceleration of population aging 

(1, 2). Currently, non-pharmacological treatment options for heart failure include heart 

transplantation and left ventricular assist device (LVAD) support (3). Among these, 
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heart transplantation was once considered the “gold standard” 

treatment for end-stage heart failure, significantly improving 

patient outcomes and quality of life. However, the scarcity of 

donor organs and surgical resource limitations have resulted in 

extremely low coverage rates, far from meeting clinical needs 

(4). Additionally, LVAD, as the core technology for mechanical 

circulatory support, has seen a steady increase in the application 

of destination therapy (DT), reaching 81.1% in 2021, as shown 

in Figure 1, making it an important alternative treatment option 

for end-stage heart failure patients (5).

However, as LVAD support time increases, the clinical risks 

associated with aortic regurgitation (AR) become increasingly 

evident. Following LVAD implantation, reduced left ventricular 

pressure leads to an increase in transvalvular pressure gradient 

across the aortic valve. Combined with the high shear stress 

generated by retrograde blood 3ow, this can trigger aortic valve 

remodeling and functional deterioration (6). This pathological 

change creates a “vicious cycle”—blood pumped into the aorta 

via the LVAD then 3ows back into the left ventricle through the 

incompetent aortic valve, significantly reducing effective cardiac 

output and leading to recurrent heart failure symptoms in 

patients. In severe cases, emergency heart transplantation may 

even be required (7). Studies show that the incidence of 

significant AR within one year post-LVAD implantation reaches 

25%–30%, and is closely associated with increased patient 

mortality (8–10). Therefore, AR has a significant impact on 

patient prognosis, and its mechanisms and intervention 

strategies require further investigation.

The pathogenesis of aortic regurgitation (AR) is complex and 

involves multiple factors. Following LVAD implantation, 

pathological processes such as increased transvalvular pressure 

gradient, retrograde blood 3ow formation, local high shear 

stress, and aortic root tissue remodeling interact synergistically 

to promote the development of AR (7, 11). Additionally, the 

reduced pulse pressure gradient and weakened aortic pulsatility 

caused by the LVAD further accelerate the deterioration of 

aortic valve function (12). Studies have shown that aortic valve 

dysfunction is a serious long-term complication faced by LVAD 

patients, but there remains controversy regarding its 

pathophysiological mechanisms and treatment strategies.

Although the clinical significance of AR is well-established, 

there remains debate regarding its predictive models, assessment 

criteria, and optimal timing for intervention. This 

comprehensive review focuses on the predictive factors, 

assessment methods, and treatment strategies for AR following 

LVAD implantation, aiming to provide evidence-based guidance 

for optimizing clinical management to improve patient long- 

term survival rates and quality of life.

Predictors of AR following LVAD 
implantation

The occurrence of AR following LVAD implantation is not a 

random event; its risk can be predicted through a combination 

of preoperative baseline characteristics and postoperative key 

factors. Identifying these predictors in detail can help clinicians 

develop early intervention strategies to reduce the risk of 

AR occurrence (Table 1).

Preoperative baseline characteristics

Multiple studies have confirmed that preoperative clinical 

indicators can effectively predict the risk of postoperative AR. 

When analyzing clinical data from a large number of LVAD 

implant patients, some studies have examined the association 

between various preoperative clinical characteristics and the 

FIGURE 1 

The proportion of DT treatment has increased year by year.
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occurrence of postoperative AR. For example, multiple studies 

have shown that patients aged ≥60 years have a significantly 

higher risk of developing AR after LVAD implantation 

compared to younger patients, suggesting that age is an 

important in3uencing factor for postoperative AR (8, 13). From 

a physiological mechanism perspective, as age increases, the 

tissue structure of the aortic valve undergoes progressive 

degenerative changes, leading to reduced elasticity and 

compliance of the valve lea3ets. Consequently, following LVAD 

implantation, the aortic valve is more prone to functional 

impairment in response to hemodynamic changes, thereby 

triggering AR (14).

Gender factors are also associated with the risk of 

postoperative AR. A retrospective study by Lauren K et al. based 

on the INTERMACS database showed that female gender is an 

independent risk factor for moderate-to-severe postoperative AR 

(13). Some studies speculate that this may be related to the 

cardiovascular anatomical structure and physiological 

characteristics of women, such as the relatively smaller size of 

the aortic root in women, which may make them more sensitive 

to hemodynamic changes under LVAD support, thereby 

increasing the risk of AR. This provides a potential anatomical 

basis for why women are more prone to AR after LVAD 

implantation (15). Additionally, a cross-sectional study of 438 

patients with hypertension and left ventricular hypertrophy 

(including 266 women and 172 men) found significant 

correlations between aortic root dilation in women and cardiac 

output, mild aortic regurgitation (16).

Body surface area is also a key predictive indicator, with 

studies showing that a lower body surface area is a known risk 

factor for AR occurrence under LVAD support (8, 13). This 

may be because patients with smaller body surface areas have 

relatively smaller hearts and aortas, and after LVAD 

implantation, the hemodynamic balance within the heart is 

more easily disrupted, affecting the coordination of aortic valve 

opening and closing, ultimately leading to AR occurrence.

The preoperative status of the aortic valve plays a crucial 

predictive role in the occurrence of postoperative AR. A clinical 

study involving 316 patients who underwent LVAD 

implantation showed that at 1 year postoperatively, the 

proportion of patients without significant new-onset AR was 

94.5% among those without preoperative AR, while the 

proportion was 64.6% among those with mild preoperative 

AR (17). Related studies have also indicated that even mild AR 

prior to surgery significantly increases the likelihood of AR 

worsening postoperatively (13).

Anatomical parameters of the aortic root play a significant role in 

predicting the risk of postoperative aortic regurgitation (AR). Studies 

have shown that when the proximal ascending aorta diameter/body 

surface area exceeds 15.5 mm/m2, the risk of postoperative AR 

significantly increases (18). Following LVAD implantation, the 

pulse pressure difference decreases, leading to changes in the 

mechanical stress on the aortic wall. This results in reduced elastin 

content and smooth muscle cell apoptosis in the aortic wall, 

causing an increase in the diameter of the aortic root within six 

months postoperatively. This root dilation disrupts the normal 

valve lea3et closure mechanism of the aortic valve, preventing 

complete closure of the lea3ets and thereby triggering AR (19).

Additionally, preoperative medication use is also considered to 

be associated with the risk of postoperative AR. Imamura et al. 

(20) found that a higher cumulative dose of beta-blockers prior 

to surgery is also a predictive factor for significant AR 

postoperatively. Furthermore, studies have found that patients 

who have used beta-blockers long-term (defined as chronic use 

exceeding 60 days) have a higher absolute incidence of adverse 

cardiac events before adjustment compared to non-users, but 

their risk is reduced after adjustment, suggesting that long-term 

use is related to the condition of specific surgical patients and 

may re3ect the association between cumulative dose and 

etiology and disease progression (21).

Postoperative key factors

Postoperative factors are equally important in predicting the 

risk of aortic regurgitation (AR). The open state of the aortic 

valve is considered one of the strongest predictors of 

postoperative AR. In a study on exercise-induced aortic valve 

opening, researchers divided LVAD postoperative patients into 

an exercise group and a control group, with the exercise group 

receiving regular aerobic exercise training in the early 

postoperative period. The results showed that the frequency of 

aortic valve opening in the exercise group was significantly 

higher than that in the control group (22). Additionally, in 

patients receiving long-term LVAD support, aortic valve function 

gradually deteriorates over time, significantly increasing the risk 

of developing significant AR (23). Therefore, promoting aortic 

valve opening has become one of the clinical treatment strategies.

LVAD device-related factors significantly in3uence the 

occurrence of postoperative AR. Studies have shown that support 

duration is positively correlated with the risk of AR, meaning that 

as LVAD support duration increases, the incidence of AR also 

increases (8). Device type is also an important factor in3uencing 

the incidence of AR. Compared with fully magnetic levitation 

centrifugal pumps (such as HeartMate 3), axial 3ow pumps (such 

as HeartMate II) have a higher incidence of AR, and patient 

readmission rates also increase (24, 25). This may be related to 

the constant high-speed operation mode of axial 3ow pumps, 

which causes the valve to endure high mechanical loads over the 

long term, accelerating valve wear and functional deterioration.

Among surgical technical factors, the angle of artificial vessel 

anastomosis significantly in3uences the risk of postoperative AR. In 

TABLE 1 Predictors and risk factors for aortic regurgitation after LVAD implantation.

Category Risk factors

Preoperative factors Age ≥60 years; Female gender; BSA <2.0 m2; Mild AR 

at baseline; Aortic root diameter/BSA >15.5 mm/m2

Postoperative/Device 

factors

Aortic valve opening restriction; Prolonged LVAD 

support duration; Axial 3ow pumps (vs. Centrifugal)

Surgical factors Anastomosis inclination angle ≥90°
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vitro simulation studies have shown that a lower anastomosis 

position, an inclination angle of less than 90°, and an azimuth angle 

of 60° or 120° help reduce blood 3ow stagnation at the aortic root 

and create normal wall shear stress and moderate pressure 

conditions in that region (26). Therefore, selecting a smaller 

anastomosis angle and a 60° azimuth angle to establish an optimal 

blood 3ow pattern is an important strategy for effectively reducing 

the risk of postoperative AR in LVAD surgery (Figure 2).

Methods for assessing AR after LVAD 
surgery

After LVAD implantation, patients experience significant 

changes in their hemodynamic patterns, limiting the applicability 

of traditional AR assessment systems. Therefore, it is necessary to 

combine hemodynamic characteristics with imaging techniques to 

develop targeted assessment strategies for accurately determining 

the severity of AR and its impact on the circulatory system.

Changes in hemodynamic characteristics

Following LVAD implantation, patients experience a 

fundamental shift in their hemodynamic patterns, presenting 

numerous new challenges and characteristics for the 

development and assessment of AR. Traditionally, aortic 

regurgitation primarily occurs during cardiac diastole, when 

blood 3ows back from the aorta into the left ventricle. However, 

under LVAD support, due to its continuous blood 3ow pattern, 

left ventricular pressure remains relatively stable and consistently 

below aortic pressure throughout the cardiac cycle. This unique 

hemodynamic state prevents the aortic valve from opening 

normally during systole, resulting in continuous regurgitation 

throughout the cardiac cycle (6). In an in vitro study based on 

CT imaging, Kassi et al. (27) developed a simulation model 

incorporating a HeartMate II axial 3ow pump. Their findings 

demonstrated that as pump speed increased, both net pump 

3ow and retrograde regurgitant volume increased significantly. 

Unlike traditional diastolic regurgitation, LVAD patients may 

experience full-cycle regurgitation—increased pump speed 

causes left ventricular pressure to remain consistently below 

aortic pressure, resulting in the aortic valve remaining closed 

during systole (6).

Hemodynamic monitoring parameters are crucial in assessing 

the condition of AR patients post-LVAD surgery. Hemodynamic 

monitoring revealed that AR patients had higher central venous 

pressure (CVP) (11 ± 5 vs. 8 ± 5 mmHg, P = 0.03), higher 

pulmonary capillary wedge pressure (PCWP) (16 ± 6 vs. 

12 ± 6 mmHg, P = 0.02), and lower pulmonary artery pulsatility 

index (PAPI) (2.3 ± 1.3 vs. 3.6 ± 2.4, P = 0.01) (28). These changes 

in indicators re3ect the impact of AR on the circulatory system 

from multiple dimensions: increased CVP suggests increased right 

ventricular load, which may be related to left ventricular volume 

overload affecting right ventricular function through 

interventricular septal interaction (29, 30); Elevated PCWP 

directly re3ects increased left atrial pressure, which is a direct 

consequence of AR-induced increased left ventricular preload 

(31); and decreased PAPI re3ects reduced right ventricular drive 

capacity in the pulmonary circulation, associated with 

mismatched right ventricular afterload increase and improved left 

ventricular function post-LVAD implantation, serving as an early 

marker of deteriorating cardiopulmonary function (32).

Imaging assessment techniques

Imaging techniques are key tools for assessing AR after LVAD 

implantation, with different methods offering distinct advantages, 

often used in combination in clinical practice (Table 2).

FIGURE 2 

Schematic diagram illustrating the optimal anastomosis inclination angle (<90°) and azimuth angle for the LVAD outflow graft to minimize 

hemodynamic stress on the aortic root.
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Transthoracic echocardiography (TTE) is the preferred 

imaging modality for assessing AR due to its non-invasive 

nature, convenience, and widespread application. Color Doppler 

imaging can be used to observe the characteristics of the 

regurgitant jet, and the severity of AR can be semi-quantitatively 

assessed using the ratio of regurgitant jet width to left 

ventricular out3ow tract (LVOT) width (AR width/LVOT width) 

(33, 34). Additionally, measuring the left ventricular end- 

diastolic diameter (LVEDD) and end-systolic diameter (LVESD) 

can assess left ventricular volume load and functional status 

(35). For patients with continuous-3ow LVAD (cf-LVAD), 

guidelines for assessing AR severity recommend a multi- 

parameter approach based on traditional TTE parameters, 

including pressure half-life (PHT), vena cava diameter (VC), the 

ratio of jet width to LVOT width, and confirmation of 

hemodynamic outcomes (27).

Transesophageal echocardiography (TEE) Compared to TTE, 

TEE is not affected by chest wall interference, providing clearer 

images and is suitable for patients with poor image quality or 

requiring high-precision assessment (36). Following LVAD 

implantation, TEE can be used to ensure adequate cardiac 

exhaustion and successful LVAD activation, while assessing the 

position and blood 3ow distribution of the LVAD in3ow and 

out3ow conduits. This information is critical for determining 

AR status, as abnormal conduit positioning may affect 

hemodynamics and thereby in3uence AR status (37). 

Additionally, 3D-TEE multi-plane reconstruction has been 

successfully applied in transcatheter mitral and tricuspid valve 

interventions, aiding in the formulation of treatment plans for 

related cardiac conditions (38).

Cardiac magnetic resonance imaging (CMR) is a well- 

established diagnostic technique for evaluating valvular heart 

disease and has become increasingly widespread in clinical 

practice in recent years. Its advantages include the provision of 

high-quality images without the use of ionizing radiation and, in 

some cases, without the need for contrast agents. CMR enables 

a comprehensive assessment of the heart, including biventricular 

function, left ventricular remodeling, myocardial fibrosis, and 

associated valvular lesions (39). CMR can accurately quantify 

AR and provide precise assessment of regurgitation through the 

acquisition of relevant data, offering reliable evidence for 

subsequent analysis and clinical decision-making (40). 

Additionally, CMR can assess left ventricular remodeling and 

function, detect myocardial fibrosis, and aid in prognosis 

determination; it can also display aortic root lesions, assisting in 

the development of personalized treatment plans (39, 41).

Computed tomography angiography (CTA) can automatically 

identify key anatomical landmarks of the aortic root and generate 

precise quantitative data such as aortic root diameter, aiding 

physicians in more accurately assessing aortic root conditions 

and providing data support for evaluating AR risk (42, 43). In 

summary, in clinical practice, multiple imaging techniques are 

often combined to achieve precise assessment of AR post-LVAD 

implantation, thereby optimizing treatment decisions.

Treatment strategies for AR associated 
with LVAD implantation

Preoperative intervention

AR significantly impacts the efficacy of LVAD treatment; 

therefore, assessing the severity of AR and implementing 

appropriate interventions prior to LVAD implantation is critical. 

For patients with mild or lower-grade AR, aortic valve 

intervention is typically not required; however, for patients with 

moderate or higher-grade AR, correction during LVAD 

implantation is recommended to optimize treatment outcomes 

and reduce postoperative complications.

Although concomitant aortic valve surgery may increase 

surgical risk, the benefits of aortic valve intervention typically 

outweigh the risks associated with LVAD failure (e.g., reduced 

pump performance) caused by significant AR postoperatively (44).

Based on the patient’s specific condition, aortic valve 

treatment strategies can be divided into the following three types: 

(1) Aortic valve closure: In certain specific cases, complete 

closure of the aortic valve may be considered to prevent 

its opening and thereby avoid the development of 

progressive AR postoperatively. Common surgical 

procedures include the use of pericardial patches or 

surgical suturing (45). For example, a new method 

involves using a polytetra3uoroethylene (PTFE) patch to 

close a mechanical aortic valve by filling the gap between 

the annulus and the lea3ets and securing the valve in the 

closed position. The specific procedure involves cutting a 

low-porosity PTFE felt patch into four circles to create a 

double-layered gap-filling patch, which is then sutured 

and fixed to the mechanical valve to achieve valve 

closure (46). This method avoids circulatory circuit issues 

caused by aortic regurgitation (AR), such as cardiogenic 

shock, inadequate perfusion, and multi-organ failure, 

thereby improving the patient’s hemodynamic status and 

quality of life (47). However, if the mechanical aortic 

valve is closed during LVAD implantation, there is a risk 

of sudden death if the LVAD ceases to function (48). 

Studies have shown that in acute myocardial infarction 

patients undergoing LVAD implantation, those with 

aortic valve closure have significantly lower survival rates 

compared to those with aortic valve repair or 

TABLE 2 Recommended echocardiographic parameters for assessment of AR in 

LVAD patients.

Modality Parameters Significance

TTE 

Parameters

AR jet width/LVOT width 

ratio; Pressure half-life (PHT); 

Vena contracta (VC)

TTE provides semi- 

quantitative assessment

TEE 

Parameters

LVAD in3ow/out3ow conduit 

position; Valve structure 

visualization

TEE is superior for structural 

analysis and excluding 

conduit artifacts

Li et al.                                                                                                                                                                  10.3389/fcvm.2026.1726345

Frontiers in Cardiovascular Medicine 05 frontiersin.org

https://doi.org/10.3389/fcvm.2026.1726345


replacement (49). Therefore, aortic valve closure is not 

recommended as the primary surgical procedure.

(2) Aortic valve replacement: For patients requiring long-term 

LVAD therapy, aortic valve replacement is a common 

strategy. Bioprosthetic valve replacement is 

recommended, and mechanical aortic valves are not 

advised. Currently, bioprosthetic valve replacement is 

widely used in LVAD patients (50, 51). From a 

mechanistic perspective, patients under LVAD support 

have low-frequency or even prolonged non-opening of 

the aortic valve. If a mechanical aortic valve is selected, 

the lack of sufficient blood 3ow to wash the valve lea3ets 

can significantly increase the risk of thrombosis (52, 53). 

If patients have previously received a mechanical aortic 

valve before surgery, it should be replaced with a 

bioprosthetic valve during LVAD implantation (48). 

Compared to mechanical valves, bioprosthetic valves have 

the advantage of not requiring long-term anticoagulation, 

which can further reduce the bleeding risk associated 

with anticoagulant therapy, especially for LVAD patients 

with additional high-risk factors for bleeding (54). It 

should be noted that bioprosthetic valves are prone to 

long-term degeneration, and over time, lea3et 

deterioration or fusion may occur, which might require 

additional interventions (55). Additionally, transcatheter 

aortic valve replacement (TAVR), as a minimally invasive 

treatment modality, is increasingly being applied in 

LVAD-related AR patients (56, 57).

(3) Aortic valve repair: When the aortic valve structure is 

largely intact, with only partial lesions such as lea3et 

prolapse or perforation, aortic valve repair is a suitable 

option. By repairing the diseased lea3ets to restore the 

normal structure and function of the aortic valve, 

regurgitation can be effectively reduced (58). In AR 

patients, aortic valve repair and replacement have 

comparable perioperative outcomes, but the long-term 

reintervention rate is higher for repair (59). In a 

study of AR patients prior to LVAD implantation, 

patients who underwent aortic valve repair combined 

with LVAD implantation showed a significant reduction 

in AR severity during postoperative follow-up (60). 

Aortic valve repair methods include lea3et repair 

techniques (such as lea3et folding and lea3et 

perforation repair) and annulus reconstruction 

techniques (61, 62). Repair using an aortic valve 

annulus ring can reduce the incidence of AR by 

counteracting further expansion of the aortic root, and 

the procedure is relatively simple with favorable 

outcomes (63) (Figure 3).

Postoperative management

Following LVAD implantation, effective management of AR is 

critical for patient outcomes. Treatment strategies are categorized 

into non-surgical and surgical approaches.

Non-surgical treatment

Optimizing anti-heart failure drug therapy aims to improve 

cardiac function, reduce cardiac workload, and alleviate the 

adverse hemodynamic effects caused by AR (64, 65). 

Angiotensin-converting enzyme inhibitors (ACEIs) or 

angiotensin II receptor blockers (ARBs) inhibit the renin- 

angiotensin-aldosterone system (RAAS), reducing peripheral 

vascular resistance, alleviating afterload on the heart, and 

decreasing left ventricular pressure, thereby helping to relieve 

AR-induced volume and pressure overload on the left ventricle 

(66). RAS inhibitors and statins As part of the secondary 

prevention treatment regimen for aortic valve regurgitation 

patients following aortic valve replacement surgery, RAS 

inhibitor therapy is associated with better long-term outcomes 

(64). Over 50% of heart failure patients require diuretic therapy 

after LVAD implantation. Furosemide has been used for over 50 

years to relieve congestion in patients with 3uid overload and is 

the most commonly used loop diuretic for hospitalized patients 

with decompensated heart failure (67, 68). However, it is 

important to note that excessive diuresis may lead to 

hypovolemia, impairing the normal pumping function of the 

LVAD. Higher diuretic doses prior to surgery are associated 

with an increased risk of early right heart failure following 

LVAD implantation (69).

Secondly, adjusting the pump speed and 3ow settings of the 

LVAD can optimize the patient’s hemodynamic characteristics 

(70). Appropriate adjustment of pump speed can increase 

effective cardiac output and ensure adequate organ perfusion 

(70, 71). Flow regulation is equally important; adjusting the 

LVAD’s 3ow settings can alter left ventricular filling and 

emptying states, affecting aortic valve opening and closing. 

Studies indicate that increasing LVAD 3ow can moderately 

elevate aortic pressure, aiding in reducing regurgitation, but may 

also lead to increased regurgitant 3ow (72). Beyond acute pump 

speed adjustment, preventative strategies focusing on 

intermittent pump speed modulation have gained increasing 

attention. The Lavare cycle, available in HeartMate 3 devices, 

periodically reduces pump speed to create transient pulsatility, 

facilitating aortic valve opening and promoting blood 3ow 

wash-out at the aortic root (73). This intermittent speed 

reduction helps prevent valve lea3et fusion and reduces 

thrombus formation on the aortic valve cusps, potentially 

mitigating the progression of AR in long-term LVAD support 

(74). Similarly, artificial pulse algorithms that periodically alter 

pump speed have been shown to increase the frequency of 

aortic valve opening events, which may preserve valve function 

and delay the onset of significant AR (75).

Surgical treatment

For patients who develop significant AR postoperatively or 

who fail to respond to medical therapy, surgical intervention 

should be initiated as early as possible. Surgical approaches are 

broadly categorized into two types: invasive surgery (aortic valve 
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closure, repair, and surgical aortic valve replacement) and 

transcatheter aortic valve replacement (TAVR) (76). While 

invasive surgical techniques are well-established and effective, 

they carry a higher risk of re-thoracotomy for LVAD patients.

TAVR offers advantages such as minimal trauma and fewer 

postoperative complications compared to invasive surgery, 

making it more suitable for surgical treatment of significant AR 

in LVAD patients (57). It is important to note that TAVR was 

initially primarily used for patients with aortic valve stenosis, 

who typically have concomitant aortic valve thickening and 

calcification. Therefore, compared to patients with aortic valve 

stenosis, patients with AR may lack sufficient calcification to 

stabilize the valve, thereby increasing the risk of valve 

displacement (77, 78). The absence of annular calcification in 

LVAD patients with pure AR presents unique challenges for 

TAVR, as traditional valve anchoring mechanisms rely heavily 

on calcific deposits to secure the prosthesis (79). Self-expanding 

valves may offer advantages over balloon-expandable valves in 

this population due to their continuous radial force and ability 

to conform to non-calcified annular geometry, though careful 

sizing remains critical to prevent migration (80). Additionally, 

the enlarged aortic root in LVAD patients can lead to a larger 

annulus size, which may affect valve anchoring and increase the 

risk of paravalvular leakage (81, 82). Recent case series have 

demonstrated successful TAVR in LVAD patients using both 

self-expanding and balloon-expandable platforms, with careful 

pre-procedural CT planning essential for optimal valve sizing 

and positioning (83).

Discussion

As a core alternative treatment for end-stage heart failure, the 

continuous increase in the proportion of “purposeful treatment” 

FIGURE 3 

Illustrations of surgical techniques for aortic regurgitation (AR). (A) Central coaptation is restored using a central closure technique like the Park’s 

stitch. (B) A patch is used to close a defect or perforation and reinforce the closure. (C) Repair of a prolapsing aortic valve cusp. (D) Replacement 

of the native valve with a stented bioprosthesis.
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with LVAD confirms its clinical value (5). However, AR, as one of 

the most prominent complications after LVAD surgery, not only 

affects treatment outcomes but also directly threatens patient 

survival. Its clinical management complexity and specificity 

require further in-depth discussion (8). This paper discusses the 

clinical management challenges, mechanism associations, and 

optimization strategies for AR following LVAD implantation 

based on existing research evidence, providing guidance for 

clinical practice.

The pathophysiological mechanisms of AR following LVAD 

implantation exhibit a complex interplay of multiple factors. The 

reduced left ventricular pressure under LVAD support leads to 

increased transvalvular pressure gradients, combined with shear 

forces generated by retrograde blood 3ow, triggering valve 

remodeling, reduced elasticity, and functional deterioration. This 

“re3ux-volume overload-deterioration of cardiac function” 

vicious cycle may reduce effective cardiac output, exacerbate 

heart failure symptoms, and even necessitate emergency heart 

transplantation (7, 84).

Accurate identification of high-risk populations is a 

prerequisite for optimizing AR clinical management. Existing 

studies have identified multidimensional predictive factors, 

encompassing preoperative baseline characteristics and 

postoperative key factors. At the preoperative level, independent 

risk factors include age ≥60 years, female gender, body surface 

area <2.0 m2, mild AR at baseline, proximal ascending aorta 

diameter/body surface area >15.5 mm/m2, and high cumulative 

dose of beta-blockers. Postoperative core factors include aortic 

valve opening restriction, prolonged LVAD support time, and 

device type (axial 3ow pumps carry higher risk). Additionally, 

surgical technical factors such as artificial vessel anastomosis 

with an inclination angle <90° and azimuth angle of 60° can 

reduce risk. However, current predictive models have 

limitations: existing studies are primarily based on single-center 

data and lack a unified risk scoring system; some factors (such 

as the mechanism of action of beta-blockers) remain poorly 

understood and may be confounded by patients’ underlying 

conditions. Future studies should utilize multicenter cohort 

research to integrate clinical, imaging, and device parameters, 

develop dynamic predictive models, and achieve individualized 

risk stratification.

Changes in hemodynamic patterns post-LVAD implantation 

(such as full-cycle re3ux) limit the applicability of traditional AR 

assessment methods, necessitating the establishment of a 

targeted assessment system. Hemodynamic monitoring shows 

that AR patients have significantly elevated central venous 

pressure (CVP) and pulmonary capillary wedge pressure 

(PCWP), while the pulmonary artery pulsatility index (PAPI) 

is reduced. These indicators can re3ect the extent of 

circulatory system involvement at an early stage and assist in 

assessing the impact of AR on cardiac function. The combined 

application of imaging techniques is central to precise 

assessment. Transthoracic echocardiography (TTE) is the 

preferred method, using the AR width/LVOT width ratio for 

semi-quantitative assessment of regurgitation severity, though 

its accuracy is in3uenced by image quality; transesophageal 

echocardiography (TEE) clearly displays valve structure and 

catheter position, making it suitable for high-precision 

assessment; Cardiac magnetic resonance imaging (CMR) 

quantifies regurgitation, assesses myocardial fibrosis, and 

evaluates aortic root lesions, providing comprehensive 

information for prognostic assessment. In clinical practice, 

hemodynamic indicators and multimodal imaging should be 

combined to achieve a comprehensive assessment of 

“anatomy-function-prognosis”.

AR interventions should follow the principles of 

“individualization and staged treatment”, combining 

preoperative prevention with postoperative stepwise therapy. For 

FIGURE 4 

Proposed management algorithm for aortic regurgitation in LVAD patients, ranging from pharmacological optimization for mild AR to surgical 

intervention (TAVR/SAVR) for severe symptomatic AR.
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patients with moderate or severe AR, valve repair or replacement 

is performed preoperatively: repair is suitable for lesions with 

intact structure; bioprosthetic valves are recommended for 

replacement, while mechanical valves are not advised. Aortic 

valve closure is only used as a life-saving measure due to the 

risk of sudden death. Mild AR can be improved by optimizing 

medications (e.g., ACEI/ARB to reduce afterload, diuretics to 

control volume) and adjusting LVAD pump speed. Significant 

AR is primarily treated with transcatheter aortic valve 

replacement (TAVR), but CTA assessment of the annulus size is 

required to reduce the risk of displacement and paravalvular 

leakage. The timing of intervention remains controversial and 

should be decided based on symptoms, hemodynamics, and 

imaging progression. Currently, the timing of intervention 

remains controversial: some studies advocate “early 

intervention” to prevent worsening heart function, while others 

believe that “symptom-driven” intervention is more cost- 

effective. Future randomized controlled trials are needed to 

clarify the intervention threshold and develop decision-making 

criteria based on patient symptoms, hemodynamics, and 

imaging progression.

The clinical management of AR after LVAD implantation still 

faces numerous challenges, and future efforts should focus on the 

following directions: developing LVADs with adaptive 3ow 

patterns to promote aortic valve opening through dynamic 

adjustment of pump speed and reduce valve load; exploring new 

technologies such as contrast echocardiography and myocardial 

strain imaging to improve the sensitivity of early AR diagnosis; 

developing specialized TAVR valves for LVAD patients and 

optimizing anchorage design; Establishing a long-term 

monitoring network encompassing AR progression, cardiac 

function evolution, and quality of life to provide evidence for 

optimizing treatment strategies. Innovations in pump design, 

including devices with physiological pulsatility algorithms that 

more closely mimic native cardiac function, hold promise for 

reducing the hemodynamic stress on the aortic valve and 

potentially decreasing AR incidence (85). Furthermore, the 

development of specialized TAVR valves designed specifically for 

non-calcified annuluses, incorporating novel anchoring 

mechanisms such as commissural alignment or atrial cuff 

designs, may expand treatment options for LVAD patients with 

significant AR who are not candidates for surgical intervention 

(86) (Figure 4).

Conclusion

In summary, the management of AR following LVAD 

implantation requires comprehensive optimization across the 

entire chain of prediction, assessment, and intervention, 

achieved through multidisciplinary collaboration to enable 

personalized treatment. Preoperative risk stratification utilizing 

established predictors such as age, gender, body surface area, 

baseline valve status, and aortic root dimensions allows for 

targeted prophylactic interventions. Postoperative surveillance 

combining hemodynamic monitoring with multimodal imaging 

ensures timely detection of AR progression, while a stepwise 

treatment approach from medical optimization to transcatheter 

or surgical intervention provides a framework for individualized 

patient management. With ongoing technological innovation 

and accumulation of evidence, there is potential to significantly 

reduce the incidence of AR and improve long-term outcomes 

for patients with end-stage heart failure.
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