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Abstract

Background: Mechanical circulatory support (MCS) is a widely available management strategy.
No studies describe sex differences in both extracorporeal and durable MCS. We analyzed sex-
related differences of in-hospital outcomes for extracorporeal and durable MCS using
administrative hospital data.

Methods: In total, 134.5 million hospital records between 1994-2012 were screened for
placement of MCS using ICD-9 CM procedure codes. Major adverse events (MAE) were defined
as death, major bleeding, stroke, device infection, or mechanical complication. Participation in the
INTERMACS registry was determined on an annual basis using quarterly INTERMACS reports.
Associations between characteristics and outcomes were determined using multivariable logistic
regression.

Results: Sex was reported in 3,523/4,337 patients undergoing MCS placement from 45
INTERMACS sites (n=1,383) and 246 non-INTERMACS sites (n=2,954). Twenty-two percent
were female. Baseline characteristics were significantly different with women being slightly
younger (33.5% vs. 27.4% <age 50, p<0.001; mean 55.7+17.3 vs. 56.1+14.6 years) with fewer
comorbidities. Women had higher rates of in-hospital mortality (52.3% vs. 40.8%, p<0.001) and
MAEs (64.8% vs. 52.5%, p<0.001). Women had an 89% higher likelihood of MAE when
corrected for multivariate predictors (p<0.001). In-hospital mortality decreased over time for both
men and women (10% RRR/year, p<0.001), but mortality in women was higher than men
throughout the study period.

Conclusion: There are significant sex differences in characteristics and outcomes of patients
receiving MCS. Women had higher in-hospital mortality and were at increased risk of MAESs that
was not explained by age or comorbid conditions. Further research on the causes of these
disproportionate outcomes is needed.
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BACKGROUND

Mechanical circulatory support (MCS) made its initial debut in the 1950s to support cardiac
surgery.(1,2) Significant advances have been made since that time including the
development of durable continuous-flow devices such as the HeartMate Il (Thoratec,
Pleasanton, CA) and HVAD (HeartWare, Framingham, MA) left ventricular assist devices
(LVAD). Important sex differences in survival and outcomes have been described for other
cardiac surgeries,(3-5) and the exponential rise in the use of short-term and long-term MCS
in the United States emphasizes the need to track sex differences in use and outcomes.(6-8)
The Interagency Registry for Mechanically Assisted Circulatory Support (INTERMACS)
established in 2005 is a prospective registry that collects clinical data from pre-implant
through the recipient’s remaining lifespan.(9) The most recent INTERMACS statistics show
that from June 23, 2006 through September 30, 2015, women accounted for 21.2% (n=3254)
of all MCS.(9) While INTERMACS is an expansive repository, it relies upon voluntary
hospital participation and manual data entry. Further, data only date back to 2006 when 15
hospitals participated in the registry, and a large percentage of MCS devices are placed in
non-INTERMACS sites. Hospital record data have been made publically available in several
states dating as far back as 1994. Herein, we report sex-related differences of both
extracorporeal and durable MCS devices and associated outcomes using administrative
hospital data.

METHODS

This analysis was approved via exemption by the Colorado Multiple Institutional Review
Board. De-identified hospital discharge data were obtained from California (2000-2011),
(10) New York (1994-2007),(11) New Jersey (1997-2011),(12) New Hampshire (1999—
2007),(13) West Virginia (2003-2007),(14) Colorado (2006-2012)(15) and Texas (1999-
2008).(16) We included hospital encounters that reported MCS implantation defined as
International Classification of Diseases-9, Clinical Modification (ICD-9 CM) procedure
codes 37.60 (simultaneous biventricular external assist device [BiVAD]), 37.62 (temporary
ventricular assist device [VAD]), 37.65 (single ventricle extracorporeal VAD) or 37.66
(implantable VAD). All patient demographics and admission characteristics were determined
using dataset documentation.

Hospital participation in the INTERMACS registry was determined on an annual basis using
quarterly INTERMACS summary reports to identify cases reported to INTERMACS.
Specifically, hospitals submitting cases to the INTERMACS registry during the 4" quarter
of a calendar year were considered to be active INTERMACS sites for that year.
INTERMACS reporting status was set as a categorical covariate in subsequent analyses.

The primary outcome for this study was a major adverse event (MAE) defined as death,
significant bleeding (intracerebral hemorrhage, hemorrhagic cystitis, hematemesis, throat
hemorrhage, epistaxis, gastrointestinal hemorrhage not otherwise specified, hematuria,
intraperitoneal hemorrhage, or variceal bleeding), stroke, device infection or mechanical
device complication. Secondary outcomes included in-hospital death, length of stay, and
discharge to home versus subacute care such as skilled nursing facilities.
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Statistical Analysis

The primary covariate of interest was sex. Associations between outcomes and patient
demographics, comorbidities, route of admission, year of hospitalization, acute presentation
diagnoses, and INTERMACS report status were modeled using step-forward multivariable
logistic regression. All patient characteristics with a chi-squared p-value<0.05 between
patients with and without an adverse event or a Mann-Whitney U test p-value < 0.05 for
length of stay were included in univariate, then multivariable logistic regression for MAE
and death and Poisson regression analysis for length of stay. A univariate p<0.05 was used
as entry criterion for multivariable analysis. Data harmonization was performed using
MySQL Server (version 5.5.24, Oracle Corporation, Redwood City, CA). Statistical analyses
were performed using the R statistical package (version 3.1.1, R Foundation for Statistical
Computing, Vienna Austria). A p-value<0.05 was considered significant throughout.

RESULTS

Study Population Demographic and Clinical Characteristics

Between 1994 and 2012, 4,337 MCS events were identified from approximately 134.5
million hospital discharge records. Due to state-specific de-identification practices, sex was
reported in 3,523 cases, with the majority of missing data arising from California (775/1,509
missing sex). Overall 1,383/4,337 (31.9%) MCS procedures were performed at sites during
participation in the INTERMACS registry. Trends in sex distribution of MCS are found in
Figure 1. Women made up a minority (22%) of MCS recipients throughout most of the study
period with the exception of the first 2 years when procedure volume was low (<20).

Demographic and clinical characteristics of MCS recipients stratified according to sex are
provided in Table 1. Women were younger (33.5% vs. 27.4% <age 50, p<0.001) and less
likely to be white (p<0.001). Women also had less atrial fibrillation, coronary artery disease,
coronary artery bypass grafting, and acute renal failure than men. A significantly higher
percentage of women underwent simultaneous BiVVAD, extracorporeal VAD, and
extracorporeal membrane oxygenation (ECMO) support compared to men, who more
frequently underwent durable LVVAD placement. In-hospital outcomes stratified by sex are
summarized in Table 2. Women with MCS had significantly more MAEs than men (64.8%
vs. 52.5%, p<0.001) driven primarily by increased mortality (52.3% vs. 40.8%, p<0.001)
and incident stroke (25.2% vs. 18.6%, p<0.001). There were no significant differences
between men and women in major bleeding (33.3% vs. 32.8%, p=0.86) or device infection
(2.6% vs. 2.6%, p=0.99). Among surviving patients, women were less likely to be
discharged home than men (26% vs. 41%, p<0.001). Women had considerably shorter
median length of stay than men overall (19 [7-46] vs. 28 [9-52], p<0.001), due to a higher
mortality in women and shorter length of stay in women who died (11 [4-28]) versus men
who died (14 [5-36] days, p=0.005) compared to those who survived (33 [15-58] vs. 36
[20-59] days, p=0.052). Annual trends in primary and secondary outcomes according to sex
are summarized in Figure 2. Rates of MAE and death decreased considerably during the
study period with a marked drop between 2007 and 2009, coinciding with the introduction
of the continuous-flow LVAD device. Women had higher rates of MAEs and death, lower
rates of discharge to home, and shorter length of stay at nearly every time point.
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Hospitalizations with MCS placement in non-INTERMACS participants resulted in transfer
to another acute care hospital (315/2,620, 10.7%) significantly more frequently than
INTERMACS participants (20/1338, 1.5%, p<0.001).

Multivariable Analysis

Results of multivariable analysis for primary and secondary outcomes are found in Figures
3a—d. Multivariable logistic regression showed that female sex (OR 1.68, 95% CI 1.41-1.92;
p<0.001) was associated with slightly higher odds of MAEs and death than patients who are
=60 years of age (OR 1.61, 95% CI 1.35-1.92, p<0.001), even when adjusted for
comorbidities, types of device, insurance status, year of procedure, and source of admission.
Female sex was also associated with an increased risk of stroke (OR 1.41, 95% CI 1.15-
1.71, p<0.001) adjusted for the same covariates, although traditional stroke risk factors were
not (p > 0.05 for age = 60, atrial fibrillation, hypertension, and diabetes mellitus). Patients
with temporary external MCS (OR 2.42, 95% CI 1.24-4.72, p<0.001) and extracorporeal
membrane oxygenation (ECMO) (OR 2.43, 95% CI 1.48-4.02, p<0.001) were at highest
risk of MAE and patients with acute renal failure (OR 2.47, 95% CI 2.10-2.91, p<0.001)
and ECMO (OR 2.93, 95% CI 1.81-4.75, p<0.001) were at highest risk of death. Women
were more likely to have a shorter length of stay in patients who died (incident rate [IR]
0.85, 95% CI 0.83-0.87, p<0.001) and slightly longer length of stay in those who survived
to discharge (IR 1.03, 95% CI 1.01-1.04, p=0.002). Among surviving patients, female sex
(OR 0.58, 95% CI 0.45-0.74, p<0.001) was associated with the lowest odds of discharge to
home of any covariate tested except acute Ml (OR 0.57, 95% CI 0.44-0.76, p<0.001).
INTERMACS participation was associated with lower likelihood of MAE (OR 0.54, 95%
0.46-0.63, p<0.001) and in-hospital death (OR 0.48, 95% CI 0.41-0.57 p<0.001).
INTERMACS participation had a lower likelihood of a routine discharge home (OR 0.73,
95% 0.61-0.89, p=0.001) but a higher likelihood of discharge with home health (OR 3.29,
95% 2.69-4.04, p<0.001. In contrast, non-INTERMACS participants were much more likely
to transfer patients to another hospital (OR 6.23, 95% CI 3.73-10.4, p<0.001). Findings
were similar if transfers to other hospitals were excluded.

Device Selection

Sex-specific trends in MAE associated with durable LVAD versus all other MCS and
percentage of procedures utilizing MCS are shown in Figure 4a—c. Adjusted likelihood of
MAE associated with durable LVAD placement was higher in women than men prior to
2007 (OR 2.01, 95% CI 1.56-2.53, p<0.001) but not after 2007 (OR 1.47, 95% CI 0.93-
2.33, p=0.10). Adjusted likelihood of MAE in all other types of MCS was not significantly
different between men and women over the course of the study period both before (p=0.08)
and after 2007 (p=0.14). Adjusted likelihood of durable LVAD placement in women was
lower than men throughout the study period (OR 0.63, 95% CI 0.53-0.76, p<0.001). This
likelihood was lower after the introduction of continuous flow devices in 2007 (OR 0.45,
95% 0.30-0.67, p<0.001) compared with prior (OR 0.72, 95% 0.60-0.86, p<0.001). These
likelihoods were similar in both INTERMACS and non-INTERMACS participants.
However, likelihood of durable LVVAD use was higher in INTERMACS participants
(1,132/1383, 81.9%) than non-INTERMACS participants (1,861/2,954, 63.0%, p<0.001)
throughout the study period (adjusted OR 2.80, 95% CI 2.32-3.37, p<0.001). There was no
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significant interaction between INTERMACS participation and likelihood of durable LVAD
selection between men and women.

DISCUSSION

Our study is the largest to report sex differences for in-hospital outcomes in patients with
MCS. This study included 1,383 patients from 45 participating INTERMACS sites and
2,954 patients from 246 non-INTERMACS sites, comprising the largest cohort of non-
INTERMACS studied to date. Importantly, this includes MCS centers less likely to implant
durable LVADs than INTERMACS participants. We found that baseline characteristics of
women receiving MCS were significantly different than men. Although in-hospital outcomes
at the time of MCS placement improved over time, women had higher rates and
multivariable-adjusted likelihood of MAE and in-hospital mortality. Women were less likely
to be discharged home than men, despite women being generally younger with fewer
chronic comorbidities. Differences in outcomes seemed driven by higher adjusted likelihood
of MAE in women prior to the introduction of continuous-flow devices around 2007, and a
lower likelihood of durable LVAD placement in women throughout the study that which
appeared to decrease further after 2007. These findings suggest that sex differences in
clinical cardiovascular outcomes including heart failure (HF) patients undergoing MCS are
influenced by differences in disease etiology, care delivery and utilization, disease
progression, and biologic response to the same therapy.(7) The magnitude of difference in
acute outcomes of MCS placement between men and women in this study suggests that
additional research to determine the contributions of each of these factors, particularly with
respect to device selection, is warranted.

Several studies have reported similar survival rates for men and women undergoing durable
MCS. In an analysis of 465 bridge-to-transplant patients enrolled in the HeartMate 11 clinical
trial who were followed for 18 months, the authors found similar survival rates between
women and men.(17) For MAE, women had more hemorrhagic strokes and fewer device-
related infections than men. Similarly, in an analysis of 332 patients enrolled in the
ADVANCE BTT and continued access protocol trial, the investigators found similar survival
rates between men and women.(18) In an analysis of 1,936 patients in INTERMACS, there
were no statistically significant sex differences in survival for either pulsatile or continuous-
flow devices.(19) Our analysis incorporates data for all MCS—durable and extracorporeal.
Despite some limitations, hospital administrative data allow for capture of significantly more
patients than either clinical trials or registries.

Sex Differences in Utilization of MCS

A minority of MCS patients in this analysis were women. Our findings are consistent with
MCS trial and registry data that show women make up a smaller percentage of VAD
patients.(8,20-22) This disparity has been noted in previous analyses of heart transplantation
recipients as well.(23-25) Our findings suggest that women are less likely to undergo
durable LVVAD, although the reasons are not entirely clear. This disparity is likely due to a
combination of factors.

J Heart Lung Transplant. Author manuscript; available in PMC 2020 March 09.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Mcllvennan et al.

Page 6

First, it is well established that men are more likely to have HF with systolic dysfunction
than women, who are more likely to have HF with preserved ejection fraction. Consequently,
patients with advanced HF and reduced ejection fraction are more often male by a margin of
nearly 3:1.(26,27) Women make up a lower percentage of ischemic cardiomyopathy, which
is one of the most common indications for MCS.(27,28) Our results show that women were
less likely than men to receive a durable L\VAD alone and more likely to receive a
simultaneous BiVVAD or extracorporeal VAD. Further, among people under the age of 50
with a myocardial infarction (MI), women have a mortality rate twice as high as men.(29)
Therefore, it is also possible that women die before being considered for MCS.

Second, the risk to benefit ratio of MCS in women is somewhat less clear than men.(19) Our
findings are concordant with recent studies, which have suggested that women and men have
similar outcomes following implantation of continuous-flow LVVADs,(30) but it has also been
proposed that patient selection bias has persisted following early observations of worse
outcomes in women using pulsatile devices. Perhaps more importantly, it was reported that
women referred for transplantation often have more advanced HF than men.(24) This
disparity may exist because of sex differences in referral patterns. Indeed, if women are
referred later, right ventricular dysfunction may be more common and explain increased use
of BiVADs, which are usually non-durable MCS devices. Notably, women with HF are less
likely to be referred to a cardiologist and more likely to be managed by their primary care
physician irrespective of severity of illness.(31) In the present analysis, women appeared be
younger and have fewer comorbidities overall than men, but severity of HF at presentation
could not be assessed.

Third, it is possible that patient preference plays an important role. In general, women are
more likely to have a do-not-resuscitate order than men.(32) One study showed no evidence
of sex bias in selection of heart transplantation recipients, but women were more likely to
refuse heart transplantation than men (29% vs 9%).(23) Further, women’s smaller body
habitus prohibited use of the larger, fully implantable devices available in the 1990s and
early 2000s and may explain increased use of extracorporeal VADs in women. Even with the
introduction of smaller, durable MCS, body image issues may be more prevalent in women
and could influence their decision to pursue MCS.(33)

Sex Differences in Outcomes of MCS

Based on our study, women consistently demonstrate worse outcomes at the time of MCS
implantation than men overall. Prior to 2007, this was primarily driven by differences in
durable LVAD outcomes when adjusted for other major patient factors, whereas the
difference after 2007 seems to be driven by sex differences in device selection with men
being more likely to undergo durable LVVAD. These trends suggest a strong component of
device selection in explaining these sex differences. One possible explanation could be that
women present later in the disease process when they are more acutely ill, which could
affect device selection.(19,34) In the present study, women and men were equally likely to
present with acute M1 or cardiogenic shock, and men were more likely to present with acute
renal failure, suggesting that women were not substantially more acutely ill than men.
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As prior studies have shown, there was a significantly higher rate of stroke reported in
women in the present study, driven by a greater than two-fold difference after 2008
compared to a 1.2-fold difference prior to 2008. Notably, strokes have been shown to be
equally as common with pulsatile and continuous-flow LVADs.(35) In a recent analysis of
patients with durable L\VADs, female sex was a risk factor for both hemorrhagic and
ischemic stroke.(36) Given existing literature and our data, which support that association,
there may be a physiologic reason women are more likely to experience a stroke following
MCS implantation that has not been identified

Final disposition and length of stay were also significantly different in women, consistent
with less favorable outcomes. Women had a shorter length of stay driven primarily by higher
in-hospital mortality and shorter length of stay in women who died—meaning when women
died in the hospital, they died rapidly. Women who survived were less likely to be
discharged home than male survivors and instead were more likely to be transferred to
another facility or discharged to a skilled nursing facility. As stated above, women are often
acutely ill on presentation.(19,34) Therefore they may be more likely to be transferred to a
higher level of care although there were no significant sex differences in likelihood of
transfer, admission source, or rate of Ml or shock in this study. Further study of metrics
including frailty or severity of HF at presentation may help define why women were more
likely to need ongoing care in a skilled nursing facility. Finally it is possible that women are
less likely than men to have a caregiver or to have the resources required of a MCS recipient.
(37,38)

Sex disparities with MCS remain poorly understood. Based on projections, the prevalence of
HF will continue to rise.(39) Future research should be focused on why disparities exist
between women and men receiving MCS, particularly with respect to differences in acute
outcomes and device selection in patients undergoing MCS implantation. A recent
perspective piece discusses sex differences in mortality and outcomes for patients with HF,
MCS, and heart transplantation.(25) The consensus is to urge researchers to understand the
disparities, specifically sex related, in the delivery of care for advanced HF. Further data are
needed to help understand these disparities and find ways to provide equivalent care to
women.

Our study had several limitations. First, this is a claims-based study including unidentified
confounders, misclassification, and missing data due to state administrative procedures for
de-identification. Every effort was made to account for this, including multivariable analysis.
Second, because of the de-identification process, destination hospital in transfer patients and
outcomes following discharge from the index hospitalization could not be assessed. Third,
details regarding the device implanted were not available. Specifically it was not possible to
determine whether pulsatile or continuous-flow devices were used in a given procedure.
Lastly, patient-level information such as medications, hemodynamics, ejection fraction, and
lab values were not available; therefore, patient acuity at the time of MCS placement could
not be determined.
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CONCLUSION

Our analysis reaffirms that women are less likely to receive MCS than men. Despite

ac

counting for age and other comorbidities, women undergoing MCS experience more

MAEs and higher in-hospital mortality than men. The reasons for these sex differences are
multifactorial, and further research is warranted.
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Gender distribution over time for MCS and OHT
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Sex Trends in MCS Over Time
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In-hospital death rates over time by gender

Trends in Major Adverse Events, Death, Length of Stay, and Discharge to Home at time of
Mechanical Circulatory Support Placement According to Sex
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Figure 3a.

Multivariate Odds of Major Adverse Events Associated with Mechanical Circulatory
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Multivariate predictors of death
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Figure 3c.

Multivariate predictors of length of stay
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Multivariate predictors of discharge home among survivors
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Multivariate Predictors of Discharge Home Among Survivors
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MAE rates over time by gender, implantable VAD only
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MAE rates over time by gender, all other VADs
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Durable VAD distribution over time by gender
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Patient Characteristics, Mechanical Circulatory Support Patients, N (%)

Table 1.

All Men Women Mvs W  SexNA
Characteristic 4337 2558 (59) 965(22) p-value 814(19)
Age, yrs <0.001
18-29 151 (3) 82 (3) 64 (7) 5 (1)
30-39 239 (6) 137(5)  81(8) 21 (3)
40-49 584 (13) 416 (16) 143 (15) 25 (3)
50-59 1053 (24) 776 (30) 245 (25) 32 (4)
60-69 1071(25) 768 (30) 255 (26) 48 (6)
>70 550(13) 366 (14) 169 (18) 15 (2)
NA 689 (16) 13 (1) 8 (1) 668 (82)
Race <0.001
Caucasian 2129 (49) 1579 (62) 539 (56) 11 (1)
African Ancestry 413 (10) 265 (10) 139 (14) 9(1)
Hispanic ~ 366(8)  242(9) 112(12) 12 (1)
Other 322 (7) 236 (9) 79 (8) 71
NA 1107 (26) 236(9) 96 (10) 775 (95)
Source of admission 0.81
Home 1701 (39) 1055 (41) 384 (40) 262 (32)
Transfer 1713 (39) 914(36) 352 (36) 447 (55)
ED 899(21) 573(22) 221(23) 105 (13)
NA  24(1) 16 (1) 8 (1) 0 (0)
Payor 0.02
Medicare 1521 (35) 914 (36) 364 (38) 243 (30)
Medicaid 496 (11) 246 (10) 116 (12) 134 (16)
Private 1946 (45) 1159 (45) 397 (41) 390 (48)
Self-pay 138 (3) 102(4)  27(3) 9(1)
Other 203 (5) 114 (4) 54 (6) 35 (4)
NA  33() 23 (1) 7(1) 3(0)
Comorbidities
Anemia 1223 (28) 625(24) 267(28)  0.049  331(41)
Atrial fibrillation 1279 (29)  772(30) 235(24) <0.001 272 (33)
Coronary artery disease 1919 (44) 1200 (47) 377(39) <0.001 342 (42)
COPD 476 (11) 264 (10) 101 (10) 0.9 111 (14)
Diabetes mellitus 815 (19) 471 (18) 162 (17) 026  182(22)
Coronary artery bypass graft 274 (6) 167 (7) 36 (4) 0.001 71 (9)
Hypertension 1393 (32) 768(30) 299 (31) 058 326 (40)
Cardiogenic shock 2310 (53) 1320 (52) 514(53)  0.38 476 (58)
Acute myocardial infarction 1246 (29) 762 (30) 311 (32) 0.16 173 (21)
Acute renal failure 979 (39) 1209 (47) 416 (43) 0.027 446 (55)

Procedures
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All Men Women MvsW  SexNA
Characteristic 4337 2558 (59) 965(22) p-value 814 (19)
LVAD 3134(72) 1893 (74) 616(64) <0.001 625 (77)
Simultaneous BiVAD 84 (2) 23 (1) 20 (2) 0.005 41 (5)
Intraaortic balloon pump 1672 (39) 1051 (41) 380 (39) 0.36 241 (30)
Temporary VAD 86 (2) 53 (2) 18 (2) 0.7 15(2)
Extracorporeal VAD 1195 (28) 689 (27) 347(36) <0.001 159 (20)
ECMO 186 (4) 69 (3) 42 (4) 0.01 75 (5)

BiVAD = biventricular ventricular assist device, COPD = chronic obstructive pulmonary disease

Page 21

ED = emergency department, LVAD = left ventricular assist device, ECMO = extracorporeal membrane oxygenation, NA = not applicable, VAD =

ventricular assist device
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Table 2.

Patient Outcomes According to Sex, Mechanical Circulatory Support Patients, N (%)
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All Men Women M vs. W NA
Characteristic 4337 2558 (59) 965(22)  p-value 814 (19)
Outcomes
Major adverse event 2412 (56) 1344 (53) 625 (65) <0.001 544 (54)
Length of stay, days 28 [9-55] 28[9-52] 19[7-46] <0.001 39 [19-80]
Disposition <0.001
Death 1840 (42) 1042 (41) 505 (52) 292 (36)
Home 1050 (24) 662 (26) 146 (15) 242 (30)
Skilled nursing facility 257 (6) 146 (6) 84 (9) 27 (3)
Home health 653 (15) 388 (15) 106 (11) 159 (20)
Transfer to acute hospital 335(8) 214 (8) 92 (10) 29 (4)
Other 202 (5) 105 (4) 32(3) 65 (8)
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