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Abstract

Objectives: To evaluate the impact of moderate to severe aortic insufficiency (AI) on continuous 

flow left ventricular assist device (CF-LVADs) outcomes.

Background: The development of worsening AI is a common complication of prolonged 

CFLVAD support and portends poor prognosis in single-center studies. Predictors of worsening AI 

and its impact on clinical outcomes have not been examined in a large cohort.

Methods: We conducted a retrospective analysis of CF-LVAD patients in the Interagency 

Registry for Mechanically Assisted Circulatory Support (INTERMACS). Development of 

significant AI was defined as the first instance of at least moderate AI. Primary outcomes of 

interest were survival after development of significant AI and time to adverse events including 

device complications and rehospitalizations.

Results: Among 10603 eligible patients, 1399 developed moderate to severe AI on CF-LVAD 

support. Prevalence of significant AI progressively increased over time. Predictors of worsening 

AI included older age, female gender, smaller BMI, mild pre-implant AI, and destination therapy 

strategy. Moderate to severe AI was associated with significantly higher left ventricular 

enddiastolic diameter, reduced cardiac output, and higher brain natriuretic peptide levels. 

Significant AI was associated with higher rates of rehospitalization (32.1% vs 26.6% at 2-years, 

p=0.015) and mortality (77.2% vs 71.4% at 2-years, p=0.005) conditional upon survival to 1 year.
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Conclusion: Development of moderate to severe AI negatively impacts hemodynamics, 

hospitalizations, and survival on CF-LVAD support. Pre- and post- implant management strategies 

should be developed to prevent and treat this complication.
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Introduction

The use of CF-LVADs is rapidly expanding in patients with advanced heart failure, both as 

bridge to transplant and as destination therapy1. The development of aortic insufficiency 

during CF-LVAD support has been well documented, affecting 15% to 52% of patients after 

1 year of support2–5. Proposed mechanisms for the etiology of worsening AI during CF-

LVAD utilization include leaflet deterioration and/or commissural fusion, aortic sinus 

dilatation, and increased transvalvular gradients: all of which may have implications for 

device function, thromboembolism, and device explant for ventricular recovery6–8. With the 

anticipation that those patients with underlying valvular pathology will have more rapidly 

progressive aortic valve disease on CF-LVAD support, current consensus guidelines 

recommend that moderate or greater AI at the time of implant should be treated surgically 

(Class I, Level of Evidence C)9. Concomitant surgical repair can be achieved by oversewing 

the AV with Park’s stitch or modified Park’s stitch, closure of the ventriculo-aortic junction 

with a surgical patch, or valve replacement using a bioprosthesis10–12.

In the post-implantation period, transthoracic echocardiography is usually performed every 6 

– 12 months to assess frequency of AV opening, severity of AI, and AV structure. In 

conjunction with the aforementioned surveillance, multiple device management strategies 

have been proposed to promote AV opening and prevent AI development or progression via 

optimization of CF-LVAD parameters under TTE guidance9. To date, single center studies 

have been unable to demonstrate an effect of post-implant AI on short- or long-term survival 

on CFLVAD support, leading some to question of whether or not methods to optimize AV 

opening and device parameters are clinically indicated. Moreover, the impact of AI on 

secondary clinical outcomes on LVAD support such as worsening heart failure, hospital 

readmission, and device complications, remains largely unknown. In the current study, we 

utilized the INTERMACS registry to 1) characterize prevalence and the natural history of AI 

during CF-LVAD support, 2) identify predictors of the development of moderate to severe 

AI on device support, and 3) assess the impact of significant AI on worsening heart failure, 

adverse events, quality of life, and mortality on CF-LVAD support.

Methods

Study Design, Variables, and Definitions

The INTERMACS registry was queried to identify patients who received a durable, 

CFLVAD between 2006 and 2016. Excluded patients were those without a pre-implant 

assessment of AI, those without follow up echocardiograms, and those who received a pre-

implant or concomitant AV procedure (Figure 1). Echocardiographic assessment of AI was 
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available at serial time points from 1-week post-implant to 8-years post-implant; AI at these 

time points was graded as none, mild, moderate, or severe. Significant AI was defined as the 

first instance of moderate or severe AI during the follow-up period in patients with no or 

mild pre-implant AI.

Statistical Analysis

Descriptive analyses were conducted for all baseline variables and are presented as means 

and standard deviations for continuous variables and numbers and percentages for 

categorical variables. Non-normally distributed variables are presented as median and 

interquartile range. Differences between those who would go on to develop significant AI 

and those who did not were assessed with Student’s t-test and Kruskal-Wallis tests. Freedom 

from significant AI was assessed using Kaplan-Meier survival estimates with log-rank tests 

for comparison among subgroups. Univariate and multivariate Cox proportional hazard 

regression analysis was used to identify predictors of significant AI among patients with no 

or mild pre-implant AI. Proportional hazards assumptions were tested by visual assessments 

of Kaplan-Meier estimates. All variables in the final model were tested for interactions. The 

impact of AI on NYHA class, LV ejection fraction, and LV end diastolic diameter, and 

quality of life was assessed at serial time points during the study period and compared 

between patients with and without moderate to severe AI as assessed at that time point. All 

p-values were reported as two-sided tests with p<0.05 considered statistically significant. 

The effect of AI on survival and adverse events was assessed utilizing Kaplan-Meier survival 

methods conditional upon survival to one year with comparisons between those patients with 

and without a diagnosis of significant AI in the first year of support. STATA version 13.1 

(Stata Corp., College Station, TX) was used to perform statistical analysis.

Results

Baseline Clinical Characteristics Based on Pre-Implant Aortic Insufficiency

A total of 10.925 patients were identified as being eligible for analysis in the current study. 

Among them, 10603 had no AI (n=7362, 69.4%) or mild AI (n=3241, 30.6%) at the time of 

device implantation. Three hundred and twenty-two patients had moderate or severe pre-

implant AI and did not undergo concomitant AV procedure during the index operation 

(Figure 1). A total of 2296 patients died during the follow up period and 2671 patients were 

transplanted with a mean follow up time of 13.4 months.

Baseline demographics and medical histories of patients with no or mild pre-implant AI 

were compared between those who did and did not develop moderate to severe AI (Table 1). 

Patients who developed moderate to severe AI on CF-LVAD support were older and were 

more likely to be female. Development of moderate to severe AI was more prevalent in those 

with a lower BSA and those with ischemic cardiomyopathy and peripheral vascular disease. 

Patients who developed worsening AI were twice as likely to have mild AI as opposed to no 

AI at the time of CF-LVAD implant. Pulmonary hypertension, peripheral vascular disease, 

and chronic kidney disease were more common in patients with moderate to severe AI. 

Significant AI was more common in patients who received a CF-LVAD as destination 

therapy, with moderate to severe AI patients spending more time on device support. Overall, 
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80% had NYHA Class IV heart failure symptoms at the time of CF-LVAD implant, and 16% 

percent of patients were INTERMACS profile 1. Eighty-three percent of the devices utilized 

were axial, and 96% were used in an isolated LVAD configuration. In terms of device 

strategy, 57.1% of patients were implanted as BTT while 42.2% were candidates only for 

destination therapy.

Pre-implant laboratory values and hemodynamics are summarized in Table 2. Patients who 

developed significant AI had a higher BUN and creatinine and a lower albumin prior to 

implant. In addition to having a higher BNP, patients with moderate to severe AI had larger 

LVEDDs, lower blood pressures, and lower cardiac output at baseline.

Natural History of Worsening Aortic Insufficiency on CF-LVAD Support

Among patients with no or mild pre-implant AI, a total of 31571 echocardiograms were 

performed during the follow up period. The distribution of AI at each time point during the 

first two post-operative years is displayed in Figure 2A. Among patients with no or mild pre-

implant AI and follow up echocardiographic data, the proportion of patients with mild AI 

increased dramatically during the study period, such that by 6 months of follow up 55% of 

patients with echocardiograms had at least mild AI. Similarly, the proportion of patients with 

moderate AI increased from 1% at 1 week follow up to 10% at 1 year and 14% at 2 years. 

Kaplan-Meier estimates of freedom from moderate or severe AI are shown in Figure 2B.

Clinical Predictors of Worsening Aortic Insufficiency on CF-LVAD Support

Clinically-relevant patient and device characteristics were entered into univariate and 

multivariate Cox proportional hazard regression analyses to determine predictors of 

progression to moderate or severe AI among patients with no or mild pre-implant AI (Table 

3). Multivariate analysis identified age >60 years (HR 1.75, CI 1.50 – 2.04, p<0.001), female 

sex (HR 1.29, CI 1.09 – 1.52, p=0.002), and body surface area < 2.0 m2 (HR: 1.30, CI: 1.13 

– 1.49, p<0.001) and mild pre-implant AI (HR: 1.87, CI: 1.64 – 2.13, p<0.001) as significant 

predictors of worsening AI on CF-LVAD support.

Impact of Aortic Insufficiency on Ventricular Remodeling During CF-LVAD Support

In order to try to quantify the impact of significant AI on ventricular structure and function, 

we analyzed serial echocardiograms and invasive hemodynamic testing of patients during 

the study period. As displayed in Figure 3A and 3B, LVEDD and Pro-BNP was higher at 

multiple time points during the study when compared between those with no or mild AI and 

moderate to severe AI at a given time point. In addition, the percentage of patients with at 

least moderate mitral regurgitation was significantly higher in patients with moderate to 

severe AI at all time points assessed in the first two years of support (Figure 3C). This 

translated into lower systolic blood pressures (Figure 3D) and lower cardiac output (Figure 

3E). There were no significant differences in mean right atrial pressure, pulmonary vascular 

resistance, or pulmonary capillary wedge pressures between the two groups at serial time 

points (Supplemental Figure 1). Six-minute walk distance and KCCQ-12 scores were lower 

in those with moderate to severe AI, though not to a significant degree (Supplemental Figure 

2).
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Impact of Aortic Insufficiency on Survival on CF-LVAD Support

In the overall cohort, on-device survival at 5 years was 46.9%. The impact of moderate to 

severe AI on survival on CF-LVAD support was first evaluated using episode splitting. In 

this approach, patients with significant AI remained in the control arm until the time they 

were first diagnosed with moderate to severe AI and were then switched to the significant AI 

arm. Using this approach, survival on CF-LVAD support was significantly lower in patients 

with significant AI vs no or mild AI (49.1% vs 36.5% at 5-year, p<0.001) even after 

adjusting for age at implant, INTERMACS profile, and chronic kidney disease (Figure 4A). 

As an alternative approach, we analyzed freedom from death conditional on survival to 1 

year on CF-LVAD based on the presence or absence of moderate to severe AI within the first 

year of support. Even when adjusted for covariates, conditional survival analysis also 

suggested a significant difference in survival (77.2% vs. 71.4% at 2 years, p=0.005) (Figure 

4B). These trends persisted in a sensitivity analysis of destination therapy patients 

(Supplemental Figure 3).

Impact of Worsening AI on Device Complications and Rehospitalizations

Freedom from rehospitalization, device malfunction, arrhythmia, and stroke by presence or 

absence of moderate to severe AI within the first year of CF-LVAD support, conditional on 

survival to 1 year, was represented in Figure 5. As shown, patients who develop significant 

AI within the first year of CF-LVAD support have significantly lower freedom of 

rehospitalization (32.1 % vs. 26.6% at 2-year, p=0.015, Figure 5A). No significant 

differences were observed between rates of bleeding, arrhythmia, and stroke (Figure 5B–D).

Discussion

The current study investigates the incidence and impact of moderate to severe AI during CF-

LVAD support. Important findings include 1) AI as a progressive disease that develops 

during CF-LVAD support with well over 50% developing mild disease at two years of 

support and 15% developing moderate to severe disease, 2) Old age, female sex, small body 

size, and presence of mild AI at the time of CF-LVAD implantation predict development of 

moderate to severe AI on CF-LVAD support., 3) development of moderate to severe AI is 

associated with adverse left ventricular remodeling on CF-LVAD support 4) our data 

suggests that CF-LVAD patients with moderate to severe AI are at higher risk for 

rehospitalizations and mortality after one year of pump support.

Multiple prior studies have addressed the natural history of AI during CF-LVAD support. In 

a single center study from 2005 – 2013, Holley et al. identified 210 CF-LVAD patients 

among whom 32 (15.2%) developed moderate to severe AI in a median time of 482 days. At 

5 years after implantation, 35% of patients had developed de novo AI5. Similarly, Cowger, et 
al. analyzed 166 patients over 291 person years and discovered 36 patients who developed 

moderate to severe AI (0.17 persons per year). In a meta-analysis of 7 observational studies 

including 657 patients, the rate of development of AI was 4% per month of support13. In the 

current study, we report a total of 1399 patients (n=13.2%) who developed significant AI in 

the current study. When all echocardiograms available at each time point were combined, we 

demonstrate a progressive increase both in the number of patients with mild, moderate or 
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severe AI while on CF-LVAD support. Thus, our study supports the observations of 

previously published, small, single-center studies which suggest that AI on CF-LVAD 

support is a progressive disease.

In those patients with no or mild AI at the time of implant, our study confirms the findings 

of multiple previous studies which have suggested that older age, female gender, and smaller 

body size are risk factors for progression to moderate or severe disease13, 14. Although the 

current study focused only on CF-LVADs, previous studies that have included both 

continuous and pulsatile devices have identified CF-LVADs as conferring higher relative risk 

for AI15. Similarly, while not available in the INTERMACS data set, much attention has 

been paid to the opening status of the AV and its impact on AI2, 14. In addition to the 

aforementioned risk factors which were confirmed in the present study, we identified mild 

AI, and elevated BNP at the time of implant as an independent predictors of progression to 

moderate or severe AI. It is likely that structural/anatomic factors (BMI, e.g.) as well as 

factors that contribute to prolonged CF-LVAD support (DT indication, e.g.) contribute to 

increased risk of AV disease progression.

In order to assess the impact of AI on heart failure, both structurally and functionally, we 

analyzed the impact of AI development on LVEDD, LVEF, PCWP, CVP, and cardiac output. 

We found that, when compared among patients who would go on to develop moderate to 

severe AI, LVEDD was higher in those patients in whom AI had already developed. This 

trend persisted when LVEF was assessed. This translated into lower systolic blood pressures 

as well as lower cardiac output. Recently, Sayer et al. compared invasive hemodynamics and 

echocardiographic assessment of AI on CF-LVAD support and reported similar elevations in 

CVP and PCWP among patients with AI16. Overall, it does appear that AI has both 

hemodynamic consequences that must be managed aggressively – whether medically or 

surgically – prior to and during CF-LVAD support in order to prevent worsening clinical 

status. Additional studies assessing the impact of AI on LV recovery are warranted.

The effect of AI on device adverse events was also assessed in the current study utilizing AI 

status and conditional survival to one year to assess freedom from bleeding, arrhythmia, 

stroke, and rehospitalizations. We demonstrate that after 1 year of support, patients with 

moderate to severe AI experience decreased freedom from rehospitalizations. Taken together 

with the data presented regarding LV size, moderate MR, blood pressure, and cardiac output, 

it is conceivable that the changes in LV structure and function may predispose patients to 

rehospitalization for worsening heart failure symptoms.

Lastly, the effect of moderate or severe AI on survival was assessed. All prior single center 

studies have failed to demonstrate a difference in survival based upon the development of 

AI5, 14, 17. Rather than stratifying patients by the development of AI and assessing their 

survival from the time of implantation, we chose to compare survival before and after 

development of significant AI as well as conditional upon 1-year survival. In this way, we 

demonstrate decreased survival in patients after the development of AI when censored for 

transplant or device exchange as well as decreased survival after 1 year of support after the 

development of AI. Although the reason for death is not directly analyzed in this study, we 

hypothesize that, in part, worsening heart failure secondary to worsening AI may play a role.
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Given the significant impact of moderate to severe AI on clinical end-points in CFLVAD 

patients, prevention and management strategies need to be developed for patients with this 

condition. In particular, the dilemma of mild pre-implant AI must be addressed. Our analysis 

suggests that patients with mild AI at the time of implant have both an increased risk of AV 

disease progression and a shorter time to development of significant AI when compared to 

those without pre-existing AI (Supplemental Figure 3B). Given its associated risks, 

consideration may be given to concomitant AV repair high risk patients – particularly those 

with expected prolonged time on device support, i.e. destination therapy patients. At our 

institution, our current practice is to concomitantly repair mild AI using Park’s stitch in 

patients who are implanted for DT indication. In BTT patients, decision to repair mild AI is 

made case-by-case based on likelihood of prolonged support such as high-level HLA 

sensitization and becoming a destination therapy patient after implant due to worsening renal 

function, aging, etc. We avoid repairing AI in patients who have possibility of myocardial 

recovery and device explantation, particularly patients with young age, non-ischemic 

etiology (including myocarditis), and shorter-duration of heart failure. In addition, early 

interventions such as speed adjustment echocardiograms allowing for aortic valve opening 

whenever feasible may potentially the reduce risk of worsening AI in high-risk individuals. 

Transplant candidates who are severely symptomatic from AI on CFLVAD support should 

be considered for status upgrade. Those who are ineligible for transplant may potentially 

benefit from rapidly evolving percutaneous therapies such as transcatheter aortic valve 

replacement (TAVR) and occluder devices. However, safety, durability, and efficacy of these 

approaches requires further investigation.

This study has many inherent limitations. First, because the data was collection from a large 

national registry, it is subject to error in entry as well as missingness of data. Secondly, all 

patients did not have echocardiographic data at all time points during the study. In addition, 

echocardiographic data was limited and we were thus not able to assess aortic valve and 

aortic root dilatation, device settings, and other important details for each patient at each 

time point. We also recognize that there is significant inter-observer variability both within 

and among centers in terms of interpreting echocardiograms. Because of the large numbers 

of patients included in the current registry based study, many comparisons between groups 

have reached statistical significance. Caution should be taken, however, to acknowledge 

these differences only when clinically relevant. Importantly, we recognize that AI is a time-

dependent phenomenon and many analyses are subject to influence by time on device 

support.

In conclusion, we demonstrate that AI following CF-LVAD implantation is a progressive 

disease that contributes to worsening heart failure, increased rehospitalizations, and 

decreased survival. Those patients who are older, with a smaller body size, and with a CF-

LVAD placed for destination therapy are at higher risk of AV disease progression, 

particularly if they have mild AI prior to CF-LVAD implant. In this patient population, AV 

intervention at the time of CF-LVAD implant may be warranted.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Clinical Perspectives

The current study highlights worsening AI as a common, progressive disease of CFLVAD 

support with significant subclinical and clinical implications. AI is a time-dependent 

phenomenon and thus disproportionately affects patients receiving CF-LVADs as 

destination therapy. Patients with mild AI prior to implant – those in whom concomitant 

repair is not currently recommended – are at higher risk. Futures studies should aim to 

identify high risk patients and evaluate the efficacy of concomitant repair of mild AI in 

this particularly sub-population. Development of AI may limit survival and indications of 

aortic valve repair on CFLVAD support may expand as the percutaneous technologies 

continue to evolve.
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Translational Outlook

The translation of this research to the care of the individual patient may help cardiologists 

and surgeons identify those patients at high risk for the development of worsening AI 

during device support, and help to facilitate a discussion of the risks and benefits of 

concomitant aortic valve repair. In addition, on a more global scale, the results of the 

study suggest that a prospective, randomized control trial of concomitant aortic valve 

repair in those with mild pre-implant disease is warranted – particularly in the destination 

therapy population.
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Figure 1: 
Patient Population
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Figure 2: 
A) Natural History of Worsening AI on CF-LVAD Support

B) Kaplan Meier Estimates: Freedom From Moderate - Severe AI on CF-LVAD Support
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Figure 3: 
Cross-Sectional Comparison of the Prevalence of Indices of Left Ventricular Remodeling 

Based Upon AI Status

A) Left Ventricular End Diastolic Diameter

B) Pro-BNP

C) Moderate to Severe Mitral Regurgitation

D) Systolic Blood Pressure

E) Cardiac Output
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Figure 4: 
Kaplan Meier Survival Estimates for On-Device Survival

A) Episode Splitting at the Time of Moderate - Severe AI Development

B) Conditional Survival to 2-Years Based Upon On-Device AI Status At 1-Year
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Figure 5: 
Freedom From Device Complications Conditional Upon Survival to 1-Year

A) Rehospitalization

B) Bleeding Event

C) Cardiac Arrhythmia

D) Stroke
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Table 1:

Patient Characteristics

Variable Overall
(n=10603)

Mod-Severe AI
(n=1399)

No - Mild AI
(n=9204)

p-value

Age > 60, (years) 4725 (44.6%) 845 (60.4%) 3880 (42.2%) <0.001

Female Gender 2357 (22.2%) 375 (26.8%) 1982(21.5%) <0.001

African American 2742 (25.9%) 316(22.6%) 2426 (26.4%) 0.003

BSA<2 4617(43.5%) 739(52.8%) 3878(42.1%) <0.001

Blood Type O 5071 (48.4%) 678 (49.1%) 4393 (48.3%) 0.587

Ischemic Diagnosis 4738 (45.0%) 665 (47.8%) 4073 (44.6%) 0.026

Mild Pre-Implant AI 3241 (30.6%) 613 (43.8%) 2628 (28.6%) <0.001

Comorbid Conditions

 Diabetes 389 (3.8%) 45 (3.3%) 344 (3.8%) 0.381

 Pulmonary HTN 1022(10.0%) 153 (11.5%) 869 (9.7%) 0.045

 PVD 229(2.2%)' 43 (3.2%) 186(2.1%) 0.009

 Prior CVA 90 (0.9%) 12 (0.9%) 78 (0.9%) 0.924

 Atrial Arrhythmia 1548(20.8%) 190(22.5%) 1358(20.6%) 0.196

 Active Smoker 538 (7.1%)' 62 (7.1%) 476(7.1%)' 0.016

 CKD 1937(25.0%) 258 (28.4%) 1679(24.5%) 0.012

NYHA Class 0.665

 Class I & II 103 (1.0%) 14(1.1%) 89 (1.0%)

 Class III 1840(18.55) 232 (17.6%) 1608(18.6%)

 Class IV 8018(80.5%) 1074(81.4%) 6944 (80.4%)

INTERMACS Profile 0.005

 INTERMACS 1 1644(15.6%) 188 (13.5%) 1456(15.9%)

 INTERMACS 2 3806(36.1%) 516(37.1%) 3290 (36.0%)

 INTERMACS 3 3420 (32.4%) 429 (30.9%) 2991 (32.7%)

 INTERMACS 4–7 1672(15.9%) 257(18.5%) 1415(15.5%)

IV Inotropes 8713(82.5%) 1153(82.7%) 7560 (82.4%) 0.806

Events During Index Hospitalization

 ECMO 321 (3.0%) 28 (2.0%) 293 (3.2%) 0.016

 IABP 2124(20.0%) 238 (17.0%) 1886(20.5%) 0.002

 Cardiac Arrest 472 (4.5%)' 60 (4.3%) 412 (4.5%)' 0.751

 Dialysis 247 (2.3%) 31 (2.2%) 216(2.4%) 0.762

 Intubated 1082(10.2%) 135 (9.7%) 947 (10.3%) 0.462

Device Configuration 0.428

 CF-LVAD Alone 10279 (96.9%) 1361 (97.3%) 8918(96.9%)

 BiVAD 324(3.1%) ' 38 (2.7%) 286(3.1%)'

CF-LVAD Type <0.001

 Axial 8857(83.5%) 1256 (89.8%) 7601 (82.6%)

 Centrifugal 1746(16.5%) 143 (10.2%) 1603(17.4%)

Time on Device (mos), median 13.4(6.0–26.3) 25.6(13.6–40.9) 12.1 (5.5–23.6) <0.001

Device Strategy <0.001
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Variable Overall
(n=10603)

Mod-Severe AI
(n=1399)

No - Mild AI
(n=9204)

p-value

 Bridge to Recovery 44 (0.4%) 6 (0.4%) 38 (0.4%)

 Bridge to Transplant 6047 (57.0%) 676(48.3%) 5371 (58.4%)

 Destination Therapy 4474 (42.2%) 716(51.2%) 3759 (40.8%)

 Other/Rescue 37 (0.4%) 1 (0.1%) 36 (0.4%)

BSA, body surface area; AI, aortic insufficiency; HTN, hypertension; PVD, peripheral vascular disease; CVA, cerebrovascular accident; CKD, 
chronic kidney disease; ECMO, extracorporeal membranous oxygenation; IABP, intraaortic balloon pump; CF-LVAD, continuous flow left 
ventricular assist device; BiVAD, biventricular assist device.

JACC Heart Fail. Author manuscript; available in PMC 2019 November 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Truby et al. Page 19

Table 2:

Pre-Implant Laboratory and Hemodynamic Values

Variable Overall
(n=10603)

Mod-Severe AI
(n=1399)

No - Mild AI
(n=9204)

p-value

BUN (mg/dL), mean ± SD 24 (17 – 35) 25 (18 – 36) 24 (17 – 35) 0.030

Creatinine (mg/dL), mean ±SD 1.27 (1.00 – 1.60) 1.30 (1.00 – 1.60) 1.27 (1.00 – 1.60) 0.837

Total Bilirubin (mg/dL), mean ± SD 1.0 (0.6 – 1.6) 1.0 (0.7 – 1.7) 1.0 (0.6 – 1.5) <0.001

AST, median(IQR) 29 (22 – 44) 29 (22 – 44) 29 (21 – 44) 0.520

ALT, median(IQR) 29 (19 – 49) 28 (18 – 48) 29 (19 – 49) 0.038

Albumin (g/dL), mean ± SD 3.39 ± 0.66 3.33 ± 0.66 3.40 ± 0.66 <0.001

Hemoglobin (g/dL), mean
±SD

11.29 ± 2.09 11.17 ± 2.05 11.31 ± 2.09 0.025

Platelets (x109/L), mean ± SD 198.22 ±79.88 193.14±78.28 198.98 ±80.09 0.010

BNP (ng/L), median(IQR) 784 (393 – 1461) 915 (489 – 1783) 756 (382 – 1421) 0.001

HR (bpm), mean ± SD 89.0 ± 17.6 87.3 ± 16.9 89.3 ± 17.7 <0.001

SBP (mmHg), mean ± SD 104.6 ± 16.0 103.3 ± 15.4 104.8 ± 16.0 0.002

DBP (mmHg), mean ± SD 64.7 ± 11.3 63.3 ± 11.3 64.9 ± 11.3 <0.001

LVEDD (cm), mean ± SD 6.84 ± 1.14 6.91 ± 1.18 6.83 ± 1.13 0.030

CVP (mmHg), mean ± SD 13.3 ± 8.5 13.9 ± 9.2 13.2 ± 8.3 0.023

PCWP (mmHg), mean ± SD 24.7 ± 9.0 24.4 ± 8.9 24.7 ± 9.0 0.379

Cardiac Output (L/min), mean ± SD 2.27 ± 0.92 2.30 ± 0.94 2.26 ± 0.92 0.305

BUN, blood urea nitrogen; AST, aspartate aminotransferase; ALT, alanine aminotransferase; BNP, brain natriuretic peptide; HR, heart rate; SBP, 
systolic blood pressure; DBP, diastolic blood pressure; LVEDD, left ventricular end diastolic diameter; CVP, central venous pressure; PCWP, 
pulmonary capillary wedge pressure.
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Table 3:

Cox Proportional Hazards Modeling: Predictors of Moderate to Severe AI (n=10603)

Variable HR (95% CI) P-Value HR (95% CI) P-value

Age > 60 yr. 1.87 (1.68 – 2.09) <0.001 1.75 (1.50 – 2.04) <0.001

Female Gender 1.29 (1.14 – 1.45) <0.001 1.29 (1.09 – 1.52) 0.002

African American 0.83 (0.73 – 0.94) <0.001 0.81 (0.69 – 0.97) 0.014

Blood Type 0 1.02 (0.92 – 1.14) 0.629

BSA < 2 1.49 (1.34 – 1.66) <0.001 1.30 (1.13 – 1.49) <0.001

Ischemic Dx 1.12 (1.01 – 1.24) 0.036 0.93 (0.81 – 1.08) 0.275

Mild Pre-Implant AI 2.87 (1.69 – 2.08) <0.001 1.87 (1.64 – 2.13) <0.001

Diabetes 0.87 (0.65 – 1.18) 0.382

Pulmonary HTN 1.18 (1.00 – 1.40) 0.050

Prior CVA 1.01 (0.57 – 1.78) 0.969

Atrial Arrhytlimia 1.11 (0.94 – 1.30) 0.209

Smoking History 1.00 (0.77 – 1.29) 0.961

CKD 1.19 (1.04 – 1.38) 0.014 0.99 (0.85 – 1.15) 0.848

NYHA 0.667

 NYHA 1 – 2 (Reference)

 NYHA 3 0.91 (0.53 – 1.56)

 NYHA 4 0.91 (0.57 – 1.64)

INTERMACS Profile 0.008

 INTERMACS 1 0.81 (0.70 – 0.95)

 INTERMACS 2 0.88 (0.76 – 1.02)

 INTERMACS 3 0.74 (0.61 – 0.89)

 INTERMACS 4 – 7 (Reference)

IV Inotropes 1.02 (0.89 – 1.17) 0.810

BiVAD 0.87 (0.63 – 1.21) 0.415

Destination Therapy 1.46 (1.32 – 1.63) <0.001 1.00 (0.87 – 1.16) 0.973

TBili > 2.5 1.02 (0.85 – 1.23) 0.828

Albumin < 3 1.13 (1.00 – 1.29) 0.053

Hemoglobin < 10 1.17 (1.04 – 1.31) 0.009

Platelets < 150 1.27 (1.12 – 1.41) <0.001

BNP > 500 1.48 (1.23 – 1.77) <0.001

HR > 100 0.85 (0.74 – 0.96) 0.009

SBP < 100 1.17 (1.05 – 1.30) 0.005

LVEDD > 6.8 0.99 (0.88 – 1.11) 0.817

CVP > 12 1.02 (0.89 – 1.17) 0.752

PCWP> 18 1.04 (0.88 – 1.24) 0.635

BSA, body surface area; AI, aortic insufficiency; HTN, hypertension; PVD, peripheral vascular disease; CVA, cerebrovascular accident; CKD, 
chronic kidney disease; ECMO, extracorporeal membranous oxygenation; IABP, intraaortic balloon pump; CF-LVAD, continuous flow left 
ventricular assist device; BiVAD, biventricular assist device; BUN, blood urea nitrogen; AST, aspartate aminotransferase; ALT, alanine 
aminotransferase; BNP, brain natriuretic peptide; HR, heart rate; SBP, systolic blood pressure; DBP, diastolic blood pressure; LVEDD, left 
ventricular end diastolic diameter; CVP, central venous pressure; PCWP, pulmonary capillary wedge pressure.
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