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Women with advanced heart failure receive advanced surgical therapies such as durable left ventricular assist device (LVAD) implantation or heart transplantation at a rate much lower compared to males. Reasons for this discrepancy remain largely unknown. Much of what is understood reflects outcomes of those patients who ultimately receive device implant or heart transplantation. Females have been shown to have a higher mortality following LVAD implantation and experience higher rates of bleeding and clotting phenomena and right ventricular failure. Beyond outcomes, the literature is limited in the identification of pre-operative factors that drive lower than expected LVAD implant rates in this population. More focused research is needed to define the disparities in advance heart failure therapy delivery in women and other underserved populations.
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Introduction

Women represent ~30–50% of patients with stage D heart failure (1, 2), but account for only 21% of the patients receiving durable left ventricular assist device (LVAD) implants (3). Approximately 3,000 durable LVAD implants occur annually and the relatively low proportion of female recipients has remained relatively constant across eras (2010–2014 vs. 2015–2019). This disparity in women receiving durable LVAD therapy can be explained by a myriad of factors such as sex-based differences in disease biology, patient size considerations, comorbidities, pre-implant considerations and post-implant outcomes. Perhaps more difficult to delineate objectively are the less explicit contributions of system and provider bias that may result in fewer women ultimately receiving a device.



Etiology of heart failure

The epidemiology of heart failure in women varies significantly from that of men and, therefore, disparities in the treatment of advanced heart failure are frequently attributed to distinct biologies. While the lifetime risk of heart failure is similar in males and females (4), heart failure with preserved ejection fraction disproportionally affects women and heart failure with reduced ejection fraction disproportionately affects men (5). Females account for ~30–40% of all systolic heart failure (6), with non-ischemic disease being the most common etiology. In contrast, ischemic cardiomyopathy is much more prevalent in males. Additionally, females are uniquely susceptible to other forms of heart failure such as peri-partem cardiomyopathy, chemotherapy (e.g., breast cancer therapy) induced cardiomyopathies, takotsubo cardiomyopathy, and autoimmune mediated disease.



Demographic and comorbidity profile

There have been two large analyses of Interagency Registry for Mechanically Assisted Circulatory Support (INTERMACS) data that specifically address sex differences in utilization of LVAD therapy (7, 8). Both these studies report specific trends in the continuous flow device era where women who receive LVADs tend to be younger than their male counterparts. While the age of females receiving LVADs has been relatively stable across eras, men receiving devices in the continuous flow era tend to be older relative to the previous era of pulsatile devices. Females receiving durable LVADs are more frequently African Americans when compared to the male population. Further, female LVAD recipients are more likely to suffer from obesity, thyroid disorders, rheumatoid arthritis, collagen vascular disease, chronic blood loss anemia and depression, whereas men are more likely to experience diabetes, hypertension, coronary artery disease, prior coronary artery bypass grafting, chronic renal failure, and greater alcohol use. The primary payer is more likely Medicaid for females and the overall median household income is shifted toward the lower percentiles for female LVAD recipients in the continuous flow device era.



Pre-implant considerations: From diagnosis to device delivery

Ventricular assist devices improve survival, functional status and quality of life. Although women in the greater heart failure community tend to have better survival, women report worse quality of life compared to age and ejection fraction matched male counterparts (9). While it is apparent that females have much to gain from advanced heart failure therapies, improving patient access to advanced surgical heart failure therapies is complex. Connecting female patients with advanced heart failure to advanced surgical heart failure therapies requires navigation of the greater healthcare system, medical decision making by many levels of providers, and the willingness of the patient to commit to the treatment plan.

There is a paucity of data to help assess potential sex differences in decision making at the clinician or system level. It is known that females are less likely to receive temporary mechanical circulatory support in the setting of cardiogenic shock (OR = 0.76); this is also true of black patients and those insured by Medicare and Medicaid (10). An additional challenge in understanding durable device delivery is the interplay of decision making with that of heart transplantation. There are unique barriers to heart transplantation in females including increased rates of obesity and allosensitization. In a study from Emory University assessing eligibility for advanced heart failure therapies, females were less likely to be eligible for heart transplant (21 vs. 47% of patients evaluated) and more likely to be recommended a VAD as destination therapy (24 vs. 9.7%) (11). Furthermore, a separate study demonstrated that females who underwent LVAD implantation were less likely to undergo subsequent transplantation and had higher transplant waitlist mortality (12).

Sex specific patient related treatment preferences may also contribute to differences in delivery of advanced heart failure therapies. Females have been shown to be less willing to undergo heart transplantation due to self refusal (13). Additionally, in a multi-institutional study of socioeconomic factors and patient preferences for LVADs, lower income and lesser education were associated with an increased willingness to undergo VAD implantation (14). While there was no discernable relationship between patient acceptance of a device and sex or marital status, only 25% of respondents were female.



Outcomes with VAD

Outcomes following durable LVAD implantation have improved over time with trends following device innovation and market approvals. LVAD therapy outcomes are frequently stratified by device era, with distinction between the early pulsatile flow devices (pre 2008) and more modern continuous flow devices (post 2008) corresponding to regulatory approval of the Heartmate II for destination therapy. A further distinction of the continuous flow era can be made between continuous flow design including axial devices (i.e., Heartmate II, Abbott Labs, Chicago, IL) and centrifugal devices (i.e., Heartware HVAD, Medtronic Inc., Minneapolis, MN; Heartmate 3, Abbott Labs, Chicago, IL), with the regulatory approval of the Heartware HVAD for BTT in November 2012. This is particularly pertinent given a demonstrated era effect in improved survival when stratifying implants prior to and post 2013, which favors the more recent era (15). Lastly, in 2019 the MOMENTUM3 trial published 2 year data on the latest LVAD technology, the Heartmate III device, which was engineered for improved hemocompatibility. Use of these new, innovative pumps was associated with superior outcomes relative to predecessor devices, including most notably a dramatic reduction in rate of stroke (16).

Historically, broad utilization of pulsatile devices was often precluded in females due to smaller body habitus, as pulsatile LVADs were bulky and not suitable for patients with body surface areas < 1.5 m2. With FDA approval of the Heartmate II, an era of smaller and lighter continuous flow devices (17) became newly available to populations—in large part females—who were underserved by prior generations of mechanical support.



Mortality

Sex related disparities in outcomes following VAD implantation are most pronounced in the pulsatile flow era, with more modern data of continuous flow devices being more nuanced. In an analysis of National Inpatient Sample data reflecting over 6,000 patients undergoing implants from 2004 to 2016, inpatient mortality in women during the pulsatile flow era was higher than that of men (47 vs. 31%); however, there was no discernable difference in the continuous flow era (13 and 12%, respectively) (18). An INTERMACS study reflecting nearly 2,000 patients, 400 females, spanning 2006 to 2010 showed no difference in mortality between females and males (16 and 17%) at average of 7 months of follow-up, irrespective of device type (8). In contrast, the eighth annual INTERMACS report published in 2017 suggests that among patients with continuous flow devices there is a higher risk of early (3 month) mortality in women (HR 1.47), potentially attributable to right ventricular failure and major bleeding events (15). Similarly, in a study of International Society for Heart and Lung Transplantation (ISHLT) Mechanically Assisted Circulatory Support (IMACS) data limited to the centrifugal era (post 2013), women had an increased risk of mortality (HR 1.36) attributable to an early hazard of death (HR 1.74 in the first 4 months) (19). Nearly a quarter of this increased mortality risk was mediated by pre-operative echo findings of smaller left ventricular volumes and increased tricuspid regurgitation (both surrogates for patient size and right ventricular function). Most recently, sub-analyses of Heartmate III clinical trial data suggests no difference in morbidity and mortality profile for this new generation device with no apparent difference in the composite outcome of survival out to 2 years free of stroke or reoperation for malfunctioning device across sex (16).



Morbidity

There is a differential morbidity profile following VAD implantation in females largely attributable to bleeding, thromboembolic phenomena and right ventricular failure. The origins of dysregulated coagulation in females have been explored through a broad range of investigations, including estrogen effects on clotting factors, sex differences in pharmacokinetics and dynamics of anticoagulants, as well as lower pump speeds, particularly in the era of the Heartmate II.


Neurological events (stroke)

Females who undergo LVAD implantation are at higher risk of neurologic events than their male counterparts. Early data with the Heartmate II highlighted an increased risk of hemorrhagic, but not ischemic stroke in females (20) (incidence 12 vs. 3%, 0.1 vs. 0.04 events per patient year). This risk of increased hemorrhagic stroke in women remained a trend even after matching for body surface area (BSA). In an analysis of 900 Heartmate II recipients (23% female) and risk factors for stroke, female sex was associated with a hazard ratio of 1.92 for hemorrhagic and 1.84 for ischemic stroke (21). More recent INTERMACS data support that women may have an intrinsically increased risk of stroke, even after adjusting for common risk factors. Females were found to have a shorter time to first neurologic event in the pulsatile flow era and a trend toward the same in the continuous flow era. This difference occurred even while the overall rate of neurologic events declined significantly with continuous flow devices (8). Heartmate III data suggests an overall decrease in stroke risk with this contemporary device; outcomes by sex however are limited to the primary composite end point, which incorporates neurologic morbidity, for which there was no discernable difference.



Bleeding

A number of studies indicate that women are at higher risk of bleeding events both in the immediate post-operative period and more chronically while on anticoagulation therapy. A review of European Registry for Patients with Mechanical Circulatory Support (EuroMACS) data of 966 patients receiving a durable VAD (151 women) revealed that females were twice as likely as males to have a major bleeding event as defined by INTERMACs adverse event definitions. This applied for the first 30 days of post-implant period and also identified twice as many bleeding events per patient year compared to males (22). A single center study of 375 recipients (84 females) receiving continuous flow devices observed that, although mediastinal bleeding was similar between men and women in the immediate post-operative period, women had a 60% higher hazard of overall bleeding complications. This was largely driven by clinically significant mucosal (gynecologic and oronasal pharyngeal) bleeding occurring after the first 30 days post implant but prior to the 1st year (23). Ten percent of all females in this study experienced gynecological bleeding with a need for transfusion or surgical intervention. A separate study noted that freedom from gynecological bleeding was 84% at 1 year and 73% at 2 years for females on long term LVAD support. Gynecological-bleeding after LVAD implantation in this study was defined as needing emergency outpatient visits, hospitalization, blood transfusions, hormonal therapy, and/or surgery (24). In larger datasets, females do not appear to be at higher risk for gastrointestinal bleeding, although there are limited reports which suggest that gastrointestinal bleeding risk is lower in males (25).



Right ventricular failure

Right ventricular failure is more common in women potentially due to a greater occurrence of non-ischemic cardiomyopathy, later presentation of disease, and higher incidence of arrhythmias (26). In a systematic review with meta-analysis of sex specific differences in outcomes for patients receiving continuous flow LVADs, females were 2.12 times more likely to develop right heart failure necessitating right ventricular assist implantation (27). Similarly, a study of EuroMACS data from 2011 to 2014 revealed that right ventricular failure, defined as requiring additional temporary right ventricular assist device (RVAD) support, occurred at a rate of 0.11 events per patient year in females and 0.04 events per patient year in males (22). Women who underwent RVAD implantation had a higher probability of death compared to isolated LVAD, but mortality following RVAD implantation was not significantly different across sex distributions.




Discussion

Women reflect a minority proportion of patients receiving advanced surgical heart failure therapies. There is a discrepancy between the high burden of heart failure in females and the number of females who ultimately receive LVAD therapy. Females who present for advanced heart failure therapies have a disparate preoperative profile compared to male counterparts, including the very nature of the underlying heart disease and associated comorbidities. Additionally, sex differences in pre-implant factors such as candidacy for transplantation and decision making at the patient, physician, and systems level may impact presentation for surgical evaluation and patient willingness to accept a device when offered. Much of what is known about LVADs in females with advanced heart failure is derived from the endpoint of device delivery, particularly at the clinical trial level; female sex has been associated with a historically higher rate of mortality and higher incidences of stroke, bleeding, and right ventricular failure following implant. While the representation of females within VAD study cohorts has increased with advances in technology, heart failure therapy and device trials overall continue to underrepresent females, with participation by females far lagging prevalence of the disease by 0.55:1.0 (28). Newer data reflecting outcomes with the Heartmate III is encouraging however sub-analysis by sex is limited and interpretation should be measured given females overall still represent a small proportion of the study cohort. Outcome measures across large datasets such as INTERMACS, EuroMACS, National Inpatient Sample (NIS), and single institutional study cohorts support sex related gaps demonstrating less favorable morbidity and mortality in females. Although sex-based data often were obtained from powerful databases with large populations, there is insufficient granularity to provide specific insight into the likely multifactorial reasons for these observations. Smaller, more comprehensive datasets are limited by power, regional differences in patient populations, and institutional practices and physician preferences that may not be universal. In the absence of datasets specifically built to address disparities, it is often inferred that the origins of sex related discrepancies following LVAD implantation are attributable to differences in biology and physiology such as heart failure etiology and comorbidity profile.

The treatment algorithm connecting a woman in the community with heart failure with successful LVAD implantation is complex. Patients with heart failure should be appropriately identified, medically managed, referred for surgical evaluation and ultimately undergo treatment. There is a critical knowledge gap in understanding the true number of females who could be eligible for or benefit from advanced heart failure therapies out in the community. Our current understanding of advanced heart failure care in females mainly reflects the outcomes of those patients who were able to obtain mechanical support or heart transplantation. To address disparities in access to care, we should understand the processes of advanced heart failure diagnosis, medical management, referral for surgery, and surgical decision making, as well as how each of these processes may be uniquely influenced by sex (Figure 1). Developing appropriately specific tools to collect data illuminating disparities across LVAD therapy delivery stands to benefit women and other underserved populations within the advanced heart failure community.
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FIGURE 1
 The process of patient attrition in the ability to deliver advanced heart failure therapies. Not all patients with end stage heart failure will undergo advanced heart failure therapies. We must understand the processes of diagnosis, medical management, referral for surgery, and surgical decision making to better address disparities in care. This is challenging as attrition of would-be surgical candidates occurs throughout the healthcare system and across medical and surgical specialties. Future research efforts should focus on medical and socioeconomic aspects of this attrition including but certainly not limited to physician bias, system factors, and patient preferences and limitations.




Author contributions

KJ-U, AR, KK, SC, JH, FP, and PT contributed to conception and design of the review. KJ-U wrote the first draft of the manuscript. KJ-U, FP, and PT wrote sections of the manuscript. All authors contributed to manuscript revision, read, and approved the submitted version.



Funding

This study was partially supported by the National Institutes of Health grant HL164416 awarded to PT.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 1. Costanzo MR, Mills RM, Wynne J. Characteristics of “Stage D” heart failure: insights from the acute decompensated heart failure national registry longitudinal module (ADHERE LM). Am Heart J. (2008) 155:339–47. doi: 10.1016/j.ahj.2007.10.020

 2. Ammar KA, Jacobsen SJ, Mahoney DW, Kors JA, Redfield MM, Burnett JC Jr, et al. Prevalence and prognostic significance of heart failure stages: application of the American college of cardiology/American heart association heart failure staging criteria in the community. Circulation. (2007) 115:1563–70. doi: 10.1161/CIRCULATIONAHA.106.666818

 3. Molina EJ, Shah P, Kiernan MS, Cornwell WK III, Copeland H, Takeda K, et al. The society of thoracic surgeons intermacs 2020 annual report. Ann Thorac Surg. (2021) 111:778–92. doi: 10.1016/j.athoracsur.2020.12.038

 4. Lloyd-Jones DM, Larson MG, Leip EP, Beiser A, D'Agostino RB, Kannel WB, et al. Lifetime risk for developing congestive heart failure: the Framingham heart study. Circulation. (2002) 106:3068–72. doi: 10.1161/01.CIR.0000039105.49749.6F

 5. Benjamin EJ, Blaha MJ, Chiuve SE, Cushman M, Das SR, Deo R, et al. Heart disease and stroke statistics-2017 update: a report from the american heart association. Circulation. (2017) 135:e146–603. doi: 10.1161/CIR.0000000000000485

 6. Hernandez AF, Fonarow GC, Liang L, Al-Khatib SM, Curtis LH, LaBresh KA, et al. Sex and racial differences in the use of implantable cardioverter-defibrillators among patients hospitalized with heart failure. JAMA. (2007) 298:1525–32. doi: 10.1001/jama.298.13.1525

 7. Ahmed A, Adegbala O, Akintoye E, Inampudi C, Ajam M, Yassin AS, et al. Gender differences in outcomes after implantation of left ventricular assist devices. Ann Thorac Surg. (2020) 109:780–6. doi: 10.1016/j.athoracsur.2019.07.032

 8. Hsich EM, Naftel DC, Myers SL, Gorodeski EZ, Grady KL, Schmuhl D, et al. Should women receive left ventricular assist device support? : findings from INTERMACS. Circ Heart Fail. (2012) 5:234–40. doi: 10.1161/CIRCHEARTFAILURE.111.963272

 9. Riedinger MS, Dracup KA, Brecht ML, Padilla G, Sarna L, Ganz PA. Quality of life in patients with heart failure: do gender differences exist? Heart Lung. (2001) 30:105–16. doi: 10.1067/mhl.2001.114140

 10. Thangam M, Luke AA, Johnson DY, Amin AP, Lasala J, Huang K, et al. Sociodemographic differences in utilization and outcomes for temporary cardiovascular mechanical support in the setting of cardiogenic shock. Am Heart J. (2021) 236:87–96. doi: 10.1016/j.ahj.2020.12.014

 11. Steinberg RS, Nayak A, O'Connell C, Burford S, Pekarek A, Chesnut N, et al. Sex differences in eligibility for advanced heart failure therapies. Clin Transplant. (2020) 34:e13839. doi: 10.1111/ctr.13839

 12. DeFilippis EM, Truby LK, Garan AR, Givens RC, Takeda K, Takayama H, et al. Sex-related differences in use and outcomes of left ventricular assist devices as bridge to transplantation. JACC Heart Fail. (2019) 7:250–7. doi: 10.1016/j.jchf.2019.01.008

 13. Aaronson KD, Schwartz JS, Goin JE, Mancini DM. Sex differences in patient acceptance of cardiac transplant candidacy. Circulation. (1995) 91:2753–61. doi: 10.1161/01.CIR.91.11.2753

 14. Tchoukina I, Shah KB, Thibodeau JT, Estep JD, Lala A, Lanfear DE, et al. Impact of socioeconomic factors on patient desire for early LVAD therapy prior to inotrope dependence. J Card Fail. (2020) 26:316–23. doi: 10.1016/j.cardfail.2019.11.026

 15. Kirklin JK, Pagani FD, Kormos RL, Stevenson LW, Blume ED, Myers SL, et al. Eighth annual INTERMACS report: special focus on framing the impact of adverse events. J Heart Lung Transplant. (2017) 36:1080–6. doi: 10.1016/j.healun.2017.07.005

 16. Mehra MR, Uriel N, Naka Y, Cleveland JC Jr, Yuzefpolskaya M, Salerno CT, et al. A fully magnetically levitated left ventricular assist device - final report. N Engl J Med. (2019) 380:1618–27. doi: 10.1056/NEJMoa1900486

 17. Englert JA III, Davis JA, Krim SR. Mechanical circulatory support for the failing heart: continuous-flow left ventricular assist devices. Ochsner J. (2016) 16:263–9.

 18. Joshi AA, Lerman JB, Sajja AP, Dahiya G, Gokhale AV, Dey AK, et al. Sex-based differences in left ventricular assist device utilization: insights from the nationwide inpatient sample 2004 to 2016. Circ Heart Fail. (2019) 12:e006082. doi: 10.1161/CIRCHEARTFAILURE.119.006082

 19. Nayak A, Hu Y, Ko YA, Mehta A, Liu C, Pennington J, et al. Gender differences in mortality after left ventricular assist device implant: a causal mediation analysis approach. ASAIO J. (2021) 67:614–21. doi: 10.1097/MAT.0000000000001288

 20. Bogaev RC, Pamboukian SV, Moore SA, Chen L, John R, Boyle AJ, et al. Comparison of outcomes in women versus men using a continuous-flow left ventricular assist device as a bridge to transplantation. J Heart Lung Transplant. (2011) 30:515–22. doi: 10.1016/j.healun.2010.12.009

 21. Boyle AJ, Jorde UP, Sun B, Park SJ, Milano CA, Frazier OH, et al. Pre-operative risk factors of bleeding and stroke during left ventricular assist device support: an analysis of more than 900 HeartMate II outpatients. J Am Coll Cardiol. (2014) 63:880–8. doi: 10.1016/j.jacc.2013.08.1656

 22. Magnussen C, Bernhardt AM, Ojeda FM, Wagner FM, Gummert J, de By T, et al. Gender differences and outcomes in left ventricular assist device support: the European registry for patients with mechanical circulatory support. J Heart Lung Transplant. (2018) 37:61–70. doi: 10.1016/j.healun.2017.06.016

 23. Yavar Z, Cowger JA, Moainie SL, Salerno CT, Ravichandran AK. Bleeding complication rates are higher in females after continuous-flow left ventricular assist device implantation. ASAIO J. (2018) 64:748–53. doi: 10.1097/MAT.0000000000000734

 24. Tominaga Y, Yoshioka D, Toda K, Saito T, Kawamura T, Kashiyama N, et al. Risk factors of gynecological bleeding in female patients with left-ventricular assist device. J Artif Organs. (2022) 25:110–6. doi: 10.1007/s10047-021-01292-2

 25. Taylor C, Bittner K, Bartell N, Aranez J, Alexis JD, Carlson B, et al. Outcomes of gastrointestinal bleeding in patients with left ventricular assist devices: a tertiary care experience. Endosc Int Open. (2020) 8:E301–E9. doi: 10.18574/nyu/9780814783320.001.0001

 26. Sherazi S, Kutyifa V, McNitt S, Papernov A, Hallinan W, Chen L, et al. Effect of gender on the risk of neurologic events and subsequent outcomes in patients with left ventricular assist devices. Am J Cardiol. (2017) 119:297–301. doi: 10.1016/j.amjcard.2016.09.032

 27. Blumer V, Mendirichaga R, Hernandez GA, Zablah G, Chaparro SV. Sex-specific outcome disparities in patients receiving continuous-flow left ventricular assist devices: a systematic review and meta-analysis. ASAIO J. (2018) 64:440–9. doi: 10.1097/MAT.0000000000000695

 28. Preventza O, Critsinelis A, Simpson K, Olive JK, LeMaire SA, Cornwell LD, et al. Sex, racial, and ethnic disparities in US cardiovascular trials in more than 230,000 patients. Ann Thorac Surg. (2021) 112:726–35. doi: 10.1016/j.athoracsur.2020.08.075



OPS/xhtml/Nav.xhtml




Contents





		Cover



		Sex-based considerations for implementation of ventricular assist device therapy



		Introduction



		Etiology of heart failure



		Demographic and comorbidity profile



		Pre-implant considerations: From diagnosis to device delivery



		Outcomes with VAD



		Mortality



		Morbidity



		Neurological events (stroke)



		Bleeding



		Right ventricular failure







		Discussion



		Author contributions



		Funding



		Conflict of interest



		Publisher's note



		References

















OPS/images/cover.jpg
& frontiers | Frontiers in Cardiovascular Medicine

Sex-based considerations for
implementation of ventricular
assist device therapy





OPS/images/fcvm-09-1011192-g001.gif









OPS/images/crossmark.jpg
(®) Check for updates





OPS/images/logo.jpg
¥ frontiers | Frontiers in Cardiovascular Medicine





