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Abstract: Background: Donor shortage limits the utilization of heart transplantation making it available for
only a fraction of the patients on the transplant wait list. Continuous flow left ventricular assist devices have
therefore risen in importance as a standard of care for end-stage heart failure. Short, mid and long-term survival
rates as well as quality of life are now being studied with newer and more sophisticated machines. This study
attempts to assess the impact of several commonly associated risk factors on long-term survival of LVAD
recipients. Methods: The TriNetX dataset comprises de-identified patient information across healthcare
organizations. The study assesses the impact of demographics, infections, comorbidities, types of
cardiomyopathies, arrhythmias, and end-organ dysfunction on long-term LVAD survival. The Log-rank test
was used to assess post-implant survival effects, while Cox regression was used in univariate analysis to obtain
Hazard Ratio (HR). Patients with unknown lab results were removed before the univariate analysis and K-M
survival curves were generated. Samples with missing values or data errors (e.g., implantation is after recorded
death) were excluded. All analyses were conducted using the Python programming language and the lifelines
library. This study is IRB-exempt. Results: This study identified common risk factors that significantly impact
survival such as CMV, hepatitis A exposure, atrial fibrillation, paroxysmal ventricular tachycardia, ischemic
cardiomyopathy, renal dysfunction, diabetes, COPD, mitral valve disease, and hypertension. Conclusions: This
is the first report of a detailed long-term survival assessment of several risk factors that impact the LVAD
population.
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1. Introduction

Heart transplantation remains the gold standard for End-Stage Heart Failure (ESHF). However,
donor shortage limits the utilization of this modality of treatment making it available for only a
fraction of the patients on the transplant wait list. Continuous flow left ventricular assist devices (CF-
LVADs) have therefore risen in importance as a standard of care for end-stage heart failure. Short,
mid and long-term survival rates as well as quality of life have been found to improve with newer
and more sophisticated machines [1-6]. Advancements in technology have led to patients remaining
on left ventricular support for > 5 years with acceptable quality of life. Durable MCS technology
improved following the development of continuous-flow pumps and its FDA approval as a bridge
to transplant in 2008 and then its approval for destination therapy in 2010 [7,8]. Additionally, the
creation of “The Interagency Registry of Mechanically Assisted Circulatory Support” (INTERMACS),
sponsored by the National Heart, Lung and Blood Institute registry paved the way to improve patient
outcomes through research [8]. Further improvements occurred with advances in VAD technology,
reducing device-related adverse events. The most sophisticated line of pumps approved by the FDA
uses fully magnetically levitated technology. Data from clinical trials have shown a significant
reduction in pump thrombosis in the CF -centrifugal pumps compared to the earlier CF-axial flow
pumps that were first approved by the FDA [1,9]. With fewer adverse events, there has been a
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tremendous increase in LVAD implantations. The impact of risk factors on long-term survival
projections in patients supported on LVADs is therefore needed with increasing utilization of this
technology. Our study has used the TriNetX database to identify risk factors and their impact on the
long-term survival of LVAD-supported patients.

2. Materials and Methods

The TriNetX dataset comprises de-identified demographic information, lab results, and
diagnoses from 4,705 patients who underwent LVAD implantation between 2002 and 2022 across 80
healthcare organizations. Lab results include 4,771 Logical Observation Identifiers Names and Codes
(LOINC) codes which are more specific than Current Procedural Terminology (CPT) codes for tests,
representing over 7 million instances collected from 80,227 encounters preceding implantation. The
analysis was focused on the most recent lab results before implantation, with an average interval of
18.0+£30.9 days between lab result collection and LVAD insertion.

More than 300,000 instances of primary diagnoses before LVAD implantation were extracted.
The diagnosis right before implantation was used, with an average interval of 25.3+34.6 days between
diagnosis and implantation.

The study examined the impact of six demographic variables (age, gender, race, ethnicity,
marital status, and regional location), 264 lab results, and 326 diagnoses on LVAD patient survival.
Lab variables were selected by excluding those with over 90% missing values. The Log-rank test was
used to assess post-implant survival effects, while Cox regression was used in univariate analysis to
obtain Hazard Ratio (HR). Patients with unknown lab results were removed before the univariate
analysis.

Diagnosis variables were chosen by excluding those with fewer than 100 patients with positive
diagnoses to mitigate bias. Each diagnosis underwent a log-rank test to compare survival between
patients with positive and negative diagnoses, with a significance threshold set at p <0.001. Unknown
diagnoses were excluded from the analysis. Additionally, univariate Cox regression analysis was
done to quantify HRs for diagnoses significantly affecting post-implant survival.

The study excluded patients with multiple LVAD implantations and those <18 years old at the
time of implantation. Patients with recorded death times were classified as deceased, while those
without were considered surviving at the time of data collection. Time to event was computed as the
duration between LVAD implantation and death or data retrieval. Samples with missing values or
data errors (e.g., implantation is after recorded death) were excluded. All analyses were conducted
using the Python programming language and the lifelines library.

3. Results

3.1. Demographics

Figure 1A shows the effect of gender. Males and females seem to have similar survival patterns
(p=0.097). Figure 1B shows the effect of ethnicity. Non-Hispanic or Latino populations have a worse
survival as compared to the Hispanic population (p=0.001). This trend seems to extend throughout
the analysis. Figure 1C shows survival probability by region. The northeast population has the worst
survival and the southern population has the best survival ( p<0.001). Figure 1D shows the impact of
age on LVAD survival. The worst survival was noted in patients >60 years of age and the best survival
was noted in the younger population (19-40 years of age) throughout the period analyzed.
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Figure 1. Impact of Demographics on Survival of LVAD patients
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3.2. Infections

Figure 2A shows the impact of serum CMV IgG levels. In the CMV-negative population, the
survival is better and worse in the CMV IgG-positive population (p=0.03) because the population
exposed to CMV infection generates CMV IgG antibodies which does not seem to confer any
protective effect on survival in the long term. Figure 2B shows the impact of hepatitis A viral infection
which shows populations with positive Hepatitis IgG had a worse survival close to approximately 8
years after which the survival rate appears to be similar (p=0.018). Figure 2C shows the impact of the
presence /absence of Hepatitis B surface antibody on LVAD survival with better survival in the
Hepatitis surface antibody-positive individuals (p-value <0.001).

Figure 2. Impact of Infections on Survival of LVAD patients
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3.3. Co-Morbidities
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Figure 3A shows the effect of Diabetes Mellitus type 2 (DM type 2). Patients with a history of
DM type 2 have a poorer survival (p=0.002). Figure 3B shows the effect of Chronic Obstructive
Pulmonary Disease (COPD). COPD patients have a lower survival probability (p<0.001). Figure 3C

shows that mitral valve disease decreases survival probability (p<0.001). Figure 3D shows that

essential hypertension also decreases survival probability in the patients who carry the

diagnosis(p<0.001). Figure 3E shows that persistent hypokalemia can increase survival probability
up to approximately 10 years (p<0.001). Figure 3F shows that cardiomegaly has a protective effect on
survival up approximately to 10 years (HR = 0.79 ; p<0.001).
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Figure 3. Impact of Co-morbidities on Survival of LVAD patients
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3.4. Acute and Chronic Kidney Disease
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Figures 4A and 4B show the effect of acute and chronic kidney disease respectively. Patients
with a history of acute and chronic kidney disease have poorer survival ( p<0.001). The trend remains
consistent throughout the entire period of analysis.

Figure 4. Impact of Kidney Disease on Survival of LVAD patients
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3.5. Type of Cardiomyopathy

Figures 5A and 5B show the effect of dilated and ischemic cardiomyopathy respectively. Patients
with a history of ischemic cardiomyopathy have poorer survival (p<0.001). The trend remains
consistent throughout the entire analysis. Interestingly, 50 % of dilated cardiomyopathy patients are
alive at 10 years and about 40 % remain alive at 12 years. However, 50 % of ischemic cardiomyopathy
patients remain alive for close to 7.5 years with a consistent decrease to 20 % at 12 to 18 years. Figure
5C shows a comparison of dilated versus ischemic cardiomyopathy that shows that there is a
statistically significant difference in the survival probabilities of the two types of cardiomyopathies
with dilated cardiomyopathy patients have a higher survival probability throughout the entire
period of analysis ( HR =0.6234 ;p<0.001).

Figure 5. Impact of Type of Cardiomyopathy on Survival of LVAD patients
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3.6. Impact of Type of Arrhythmias

Figure 6A shows that paroxysmal atrial fibrillation does not affect the survival probability of
LVAD:s in the long term (HR=1.11; p=0.078). Figure 6B shows a statistically significant decrease in
survival probability in atrial fibrillation (HR =1.37; p<0.001). Figure 6C shows that paroxysmal
ventricular tachycardia decreases survival probability (p<0.001).
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Figure 6. Impact of Arrhythmias on Survival of LVAD patients
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All risk factors are summarized in Table 1. The number of positive and negative diagnoses is
also depicted in this table.

Table 1. Risk Factor Assessment.

Code Risk Factor Number positiveNumber negative p-value Hazard Ratio
13949-3 Serum CMV IgG 268 286 0.031 1.363
32018-4 Serum Hepatitis A IgG 159 364 0.0184 1.52
22322-2 Serum HBV surface Ab 188 785 0.001 0.7609

E11.9 Diabetes 2985 1037 0.002 1.2

416.8 Chronic Obstructive Pulmonary Disease 3018 1004 0.001 1.21

424 Mitral Valve disease 3061 961 0.001 1.21
110 Essential Hypertension 2442 1580 <0.001 1.21

E87.6 Hypokalemia 2854 1168 <0.001 0.749

151.7 Cardiomegaly 2522 1500 <0.001 0.799

N17.9 Acute Kidney Disease 2191 1831 <0.001 111

N18.9 Chronic kidney Disease 3060 962 <0.001 1.31

1142.0 Dilated Cardiomyopathy 2685 1337 <0.001 0.759

125.5 Ischemic Cardiomyopathy 2689 1333 <0.001 1.38

427.1 Paroxysmal Ventricular Tachycardia 2779 1243 <0.001 13

427.31 Atrial Fibrillation 2075 1624 <0.001 1.37

148 Paroxysmal atrial ifibrillation 980 2778 0.078 1.1186

2724 Hyperlipidemia 2761 1261 <0.001 1.5

414  Coronary atheosclerosis of native vessel or graft 3069 953 <0.001 1.5
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4. Discussion

4.1. Demographics

The impact of gender is not statistically significant in our study through the duration of the
analyses. Though women in general are fewer in number to receive VADs their survival is not
different in short-term studies conducted in a small number of patients up to 5 years [10]. This effect
seems to be consistent with the results obtained in this study. Though perioperative differences in
morbidity and mortality have been noted the long-term effects do not seem to portray that trend.
Though women supported on an LVAD are at a greater risk of neurologic events as compared to
their male counterparts both men and women have similar all-cause mortality post any neurological
events thus implying no significant differences in survival [11]. In the current literature decision-
making and emotional factors affect women differently than men which in turn can impact a worse
survival in the short term in women [12]. Further studies are needed to compare gender-based short
and long-term quality of life in people and its impact on survival.

Our study shows that the non-Hispanic white race has a worse survival than the Hispanics in
the long term. The utilization of VADs has been assumed to be equal in all races when adjusted for
other confounding factors in some studies [13]. Many other studies have shown that utilization of
VADS needs more diversity in terms of race and gender and other socioeconomic issues. More studies
are needed to assess race-based effects on long-term LVAD survival in the setting of improving
diversity [14,15].

In our study, we have shown that the northeast had the worst survival consistently throughout
the analysis while the south had the best survival. Studies using the INTERMACS data showed early
on in 2015 that the South had a lower survival as compared to other regions [16]. However, such
regional differences can be attributed to changes in acuity of the patients, and improvements in
utilization of bridging techniques to stabilize patients before implanting LVADs which could have
changed in centers contributing data to the TriNetX database and that we have extracted more
current data. The data represented in the paper by Krim et al was > 10 years old and hence differences
may be explained by changes in the utilization of newer pumps in different centers in the various
regions studied across the United States [16]. Long-term survival appears to be affected by older age
>60 years which is consistent with earlier findings that age >60 is an independent risk factor for
mortality in the short term at 1 year [17]

4.2. Infections

Different infections have varied effects on survival in the LVAD-supported population. CMV
IgG does not seem to confer any protection in terms of long-term survival in our study. It has also
been shown in other studies that CMV reactivation occurs in the post-VAD implant period and could
contribute to poor outcomes. CMV reactivation can occur in immunocompetent patients who are
critically ill [14]. Impaired cellular immunity in LVAD patients leads to dysfunctional CD4-positive
T cells resulting in apoptosis until approximately 4 weeks post-implantation [18-20]. Our studies
show positive Hepatitis A IgG patients have poorer survival at least up to 8 years post-implant. This
observation is difficult to explain as this is the first report and more studies are needed to determine
the implication. It is unclear if this has any link to impaired cell-mediated immunity in this
population. The protection conferred by hepatitis B surface antibody can be explained by the fact that
it indicates immunity acquired via an immune response to vaccination, or the presence of passively
acquired antibody or prior infection [21].

4.3. Comorbidities

Diabetes has been noted to be an important risk factor in our study for the long-term survival of
LVAD patients. However, it has been noted that diabetes is not a short-term and intermediate risk
factor but impacts long-term survival [22]. Such variations may be the effect of differential pre and
post-implant diabetes control. A meta-analysis showed that diabetes did not increase all-cause
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mortality in LVAD-supported patients [23]. COPD patients and LVAD appear to have lower survival
in our study at least up to 10 years. Other studies show no significant direct impact on survival in the
short term but do have an impact on gastrointestinal bleeding which is a risk factor for short-term
survival [24,25]. Mitral valve disease in general seems to affect long-term survival in our study. This
is consistent with earlier studies showing that greater than moderate mitral regurgitation is consistent
with worse survival in the short and mid-terms [26]. Most recently a meta-analysis showed that post-
operative mortality is not affected by moderate to severe MR [27]. However residual post-operative
mitral regurgitation though corrected to a certain extent can impact prognosis via deterioration of
right ventricular function and pulmonary pressures. Repair of mitral regurgitation may improve
prognosis [28]. Additionally, residual mitral regurgitation may be influenced by differences in gene
expression of inflammatory markers which have been reported in ischemic mitral regurgitation [29].

Essential hypertension influences pump flows causing them to decrease and thereby promoting
stasis which predisposes to pump thrombosis as well as strokes. Additionally, chronically low
pulsatility leads to reduced endothelial function due to the absence of the routine cardiac cycle. Under
such a milieu, small changes in blood pressure may deteriorate endothelial structure/function in the
cerebral microvasculature and predispose the local area to progressive vessel damage and rupture
therefore causing hemorrhagic strokes also [30,31]. This could explain the significant impact of
essential hypertension on long-term LVAD survival seen in our study. Further studies are needed to
elucidate this aspect of the physiological impact of LVADs. In a small study, hypokalemia showed a
non-significant protective effect on the survival of LVAD patients 1-month post-LVAD implant [32].
In our study hypokalemia seems to confer a survival benefit in the long-term. The effect of
cardiomegaly on survival may be the end effect of molecular signaling pre and post-LVAD implant
resulting in changes in myocyte size and regression of hypertrophy. This phenomenon needs further
investigation [33].

4.4. Renal function

The long-term success and survival of LVAD patients are dependent on preserving end-organ
function. Hence it is not surprising that any insult to the kidneys whether acute or chronic has an
impact on LVAD survival as shown in our study. Additionally, LVAD support can mitigate or
worsen renal function depending on the stage and acuity of heart failure which impacts long-term
survival [34,35].

4.5. Type of cardiomyopathy

In our study, dilated cardiomyopathy patients did better than their ischemic counterparts in
terms of long-term survival. Existing literature shows that in the short or long term, there is no
significant decrease in mortality in ischemic cardiomyopathy patients [36,37]. Our findings can be
explained by the higher burden of comorbidities they may carry such as older age, higher myocardial
damage, and other structure /function issues that would impair the physiology of the heart and
predispose to more arrhythmias. In a small study, 12 dilated cardiomyopathy patients were
explanted after fully functional recovery of the myocardium at 10 months post-implantation with no
complications [38]. Larger studies are needed to compare the impact of etiologies of heart failure on
LVAD survival.

4.6. Arrhythmias

Our study showed that paroxysmal atrial fibrillation did not confer significant mortality on
LVAD patients but atrial fibrillation in general had a significant effect on mortality in this population.
Similar observations have been made in other studies in the short and mid-terms [39-42]. Additional
atrial fibrillation can also lead to ventricular tachyarrhythmias which is an independent risk factor
noted in our study [43]. Electrical storms impact short-term survival significantly [44].
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5. Conclusions

This is the first report of a detailed long-term survival assessment of several risk factors that
impact the LVAD population Our study shows that older individuals, non-Hispanic/Latino race, and
the northeast populations had a worse survival in terms of the demographics of the population.
Exposure to CMV and hepatitis A does not confer a survival advantage but patients who had
Hepatitis surface antibodies had a significant survival advantage. Comorbidities such as diabetes,
COPD, mitral valve disease, and essential hypertension showed a worse survival. Hypokalemia and
cardiomegaly conferred a survival advantage for up to 10 years in our study. Both acute and chronic
kidney disease significantly worsen long-term survival. In our study, dilated cardiomyopathy
patients consistently showed better survival in the long term with LVAD. In our study, paroxysmal
ventricular tachycardia and persistent atrial fibrillation patients showed poor long-term survival but
there was no significant change in survival in the paroxysmal atrial fibrillation population.

This study is limited by the fact that it is retrospective and uses diagnosis codes.

Future directions would include internal and external validation of risk factors in different
databases to evolve a risk factor assessment model for this population. Future studies are also needed
to classify risk factors as short, mid, or long-term. The use of Al-driven technologies may reveal risk
factors which may help increase the sensitivity and specificity of the risk factor models to better
predict survival of LVAD patients.
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