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Aims Despite well-known gender differences in heart failure, it is unknown if clinical markers and symptoms differ be-
tween women and men after left ventricular assist device (LVAD) implantation. Our aim was to examine gender
differences in trajectories of clinical markers (echocardiographic markers and plasma biomarkers) and symptoms
from pre- to post-LVAD implantation.

...................................................................................................................................................................................................
Methods
and results

This was a secondary analysis of data collected from a study of patients from pre- to 1, 3, and 6 months post-
LVAD implantation. Data were collected on left ventricular internal end-diastolic diameter (LVIDd) and ejection
fraction (LVEF), plasma N-terminal pro-B-type natriuretic peptide (NT-proBNP), and soluble suppressor of tumori-
genicity (sST2). Physical and depressive symptoms were measured using the Heart Failure Somatic Perception
Scale and Patient Health Questionnaire-9, respectively. Latent growth curve modelling was used to compare trajec-
tories between women and men. The average age of the sample (n = 98) was 53.3 ± 13.8 years, and most were
male (80.6%) and had non-ischaemic aetiology (65.3%). Pre-implantation, women had significantly narrower LVIDd
(P < 0.001) and worse physical symptoms (P = 0.041) compared with men. Between pre- and 6 months post-im-
plantation, women had an increase in plasma sST2 followed by a decrease, whereas men had an overall decrease
(slope: P = 0.014; quadratic: P = 0.011). Between 1 and 6 months post-implantation, women had a significantly
greater increase in LVEF (P = 0.045) but lesser decline in plasmoa NT-proBNP compared with men (P = 0.025).

...................................................................................................................................................................................................
Conclusion Trajectories of clinical markers differed somewhat between women and men, but trajectories of symptoms were

similar, indicating some physiologic but not symptomatic gender differences in response to LVAD.
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Implications for practice
• Women respond well to left ventricular assist device therapy in terms of echocardiographic markers but had lesser improvements in

biomarkers compared with men post-implantation.
• Women and men had similar improvements in physical and depressive symptoms post-implantation.
• However, more men (�80%) than women (�20%) are implanted with left ventricular assist devices, which limits our ability to fully

understand response among women.
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Introduction

Left ventricular assist devices (LVADs) are a common treatment for
women and men with advanced heart failure (HF).1 The development
of smaller, more durable continuous flow LVADs2 has increased eligi-
bility for implantation among smaller patients, many of whom are
women. However, the ratio of implants remains notably dispropor-
tionate (only�20% of LVAD implants are women),3 and there is still
on-going debate about where in the referral process the scales are
tipped to create this pre-implantation gender imbalance.4 Moreover,
post-implantation, some studies have noted gender differences in
clinical events and transplant rates. For example, some studies have
shown that women have higher rates of neurological adverse events,
are more likely to be readmitted, and are less likely to receive a heart
transplant after implantation compared with men.5–7 A recent study,
however, showed that there was no significant gender difference in
the combined outcome of death, durable mechanical circulatory
support, or heart transplantation among an advanced HF cohort.8

Given that women are implanted less frequently and may possibly
experience worse clinical events post-implantation, it would be
helpful to understand how women and men respond clinically and
symptomatically to LVAD therapy, providing anticipatory guidance
from pre-implant through post-implant stages.

Gender differences in the pathogenesis and response to treatment
have been explored in HF, but we have a limited understanding of
these differences with LVAD support. Women have smaller ventricu-
lar dimensions and reduced chronotropic and contractile reserves
compared with men, often translating into different phenotypic HF
profiles.9 Among LVAD patients, ejection fraction10 increases overall,
and it was recently shown that women had a greater reduction in left
ventricular dimensions and greater increase in ejection fraction com-
pared with men.11 It has been noted that women have higher levels
of natriuretic peptides12 and lower inflammatory and remodelling
biomarkers in HF.13 Biomarkers of myocardial stress, fibrosis, and in-
flammation decrease overall following LVAD implantation,10,14,15 but
it is unknown if gender differences in biomarkers in HF translate to
differences in response to LVAD therapy. Moreover, women often
have worse HF symptoms, including fatigue, dyspnoea, and lower ex-
tremity oedema,16,17 and there are gender differences in the descrip-
tors of dyspnoea.18 Prior to and after LVAD implantation, women
have more depression and anxiety compared with men;8,19,20 how-
ever, no studies have examined gender differences in both physical
HF symptoms and depressive symptoms post-implantation. Thus, we
chose common echocardiographic markers, biomarkers, and symp-
toms to comprehensively capture the mechanical, biochemical, and
symptomatic responses to LVAD implantation. Accordingly, the pur-
pose of this study is to examine gender differences in trajectories of
clinical markers (echocardiographic markers and plasma biomarkers)
and symptoms from pre- to 6 months post-LVAD implantation to
shed light on how women and men respond to LVAD therapy.

Methods

Study design and sample
This was a secondary analysis of data collected as part of a U.S. National
Institutes of Health-funded cohort study examining biobehavioural

responses after continuous-flow LVAD implantation.21 Clinical and symp-
tom data and plasma samples were collected pre-LVAD implantation
(median of 4 days pre-implant) and at 1, 3, and 6 months post-LVAD im-
plantation. Inclusion criteria for the study were age 21 years or older, abil-
ity to read and comprehend 5th grade English or Spanish, and eligibility
for implantation of a continuous-flow LVAD. Exclusion criteria were
documented major cognitive impairment (e.g. Alzheimer’s disease), major
psychiatric illness (i.e. psychosis), prior heart transplantation or durable
mechanical circulatory support, or a concomitant terminal illness.
Participants were recruited through a single centre between April 2012
and May 2016. Our Institutional Review Board approved the study
(#7907 and #16952). Written informed consent was obtained from all
participants; 98 participants consented to having their data and samples
stored in a biorepository for future research. Only one person (male)
declined participation in the parent study. The investigation conforms
with the principles outlined in the Declaration of Helsinki.22

Measurement
Sociodemographic and clinical data

Participants completed a sociodemographic questionnaire at baseline to
collect data on age, gender, marital status, race/ethnicity, and education.
Baseline history, aetiology, treatment of HF, New York Heart
Association functional class, and clinical and laboratory data were col-
lected from medical records. The Charlson Comorbidity Index23 was
used to summarize comorbid conditions. At 1, 3, and 6 months post-im-
plantation, treatment characteristics (i.e. medications) were collected.

Clinical markers

Data were derived from standard-of-care echocardiograms and plasma
biomarkers tested specifically for this study.21 Echocardiographic data [i.e.
left ventricular internal end-diastolic diameter (LVIDd) and left ventricular
ejection fraction (LVEF)] were extracted from the electronic medical
record at baseline and 1, 3, and 6 months post-implantation. We
selected these echocardiographic metrics given their importance in
HF prognostication.24,25

At pre- and 1, 3, and 6 months post-implantation, whole blood was
collected from participants, transported directly to the research core la-
boratory per study procedures, and centrifuged for 15 min at 1000� g to
separate plasma, which was aliquoted and stored at -80�C. Samples were
thawed once for assay. We measured plasma N-terminal pro-B-type
natriuretic peptide (NT-proBNP) as a marker of myocardial stress using
an enzyme-linked immunosorbent assay (Cusabio Technology, Houston,
TX, USA) with a sensitivity of 11.8 pg/mL, detection limit of 47 pg/mL,
and intra- and inter-assay coefficients of variation of 8% and 9%, respect-
ively. We measured plasma soluble suppressor of tumorigenicity 2 (sST2)
as a marker of hypervolumetric stress and fibrosis using an enzyme-linked
immunosorbent assay (Critical Diagnostics, San Diego, CA, USA) with a
sensitivity of 2.35 ng/mL, detection limit of 1.31 ng/mL, and intra- and in-
ter-assay coefficients of variation of 6% and 9%, respectively. We chose
these two biomarkers as they reflect common, but distinct, pathophysio-
logical processes,26 and when used together, have better prognostication
than either alone.27

Symptoms

Participants completed symptom questionnaires at baseline and at 1, 3,
and 6 months post-implantation, either in hospital or at home. Physical
symptoms were assessed with the 18-item HF Somatic Perception Scale
(HFSPS), a valid and reliable measure of perceived severity of both non-
specific (e.g. fatigue and weight gain) and acute HF (e.g. orthopnoea and
dyspnoea) symptoms.28 The HFSPS has 6 response options ranging from
0 (not at all) to 5 (extremely bothersome). Scores on the HFSPS range
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.
from 0 to 90, with higher scores indicating worse perceived symptom
severity. The Cronbach’s alpha of the HFSPS in this sample was 0.87.

Depressive symptoms were assessed with the 9-Item Patient Health
Questionnaire (PHQ9).29 The PHQ9 scores each of the 9 related DSM-
IV criteria for depression with 4 response options ranging from 0 (not at
all) to 3 (nearly every day). Scores on the PHQ9 range from 0 to 27 with
higher scores indicating worse depressive symptoms; a score of >_10 is in-
dicative of the need for mental health assessment.29 The PHQ9 is a valid
and reliable screen of depressive symptoms in HF.30 The Cronbach’s
alpha of the PHQ9 in this sample was 0.81.

Statistical analysis
Descriptive statistics of frequency, central tendency, and dispersion
[standard deviation or interquartile range (IQR)] were used to describe
the sample. Raw values of plasma NT-proBNP and sST2 were natural
log-transformed to approximate normality for analyses. Comparative sta-
tistics (i.e. Student’s t, Mann–Whitney U, Fisher’s exact, or Pearson’s chi-
square tests) were used to compare pre-implantation sociodemographic
and clinical characteristics between women and men.

Latent growth curve modelling was used to estimate change in clinical
markers and symptoms from pre- to 1, 3, and 6 months post-implant-
ation. Latent growth curve modelling allows for the estimation of inter-in-
dividual variability in intra-individual patterns of change using latent
intercepts (i.e. pre-implantation values) and latent slopes (i.e. rate of
change from pre- to post-implantation).31 It is particularly robust in situa-
tions with missing data, unequally spaced time points, non-linear trajecto-
ries, and non-normally distributed repeated measures; it can also
accommodate small sample sizes of <100.32 Non-linear latent growth
models (i.e. intercept, linear change, and quadratic change) and multi-
phase latent growth models (i.e. intercept and two major linear phases of
change) were generated to identify the model that optimally represented
the shape of the observed change.31 Similar to our previous work,33 the
two phases of change were: (i) between pre- and 1-month post-implant-
ation and (ii) between 1 and 6 months post-implantation. Based on the
best fit between observed data and growth models, multiphase latent
growth models were selected for change in LVIDd, LVEF, plasma lnNT-
proBNP, HFSPS scores, and PHQ9 scores. A quadratic latent growth
model was selected for change in plasma lnsST2. To test for differences in
trajectories between women and men, we quantified the effect of gender
on intercepts and each shape or phase of change. Additionally, we also
examined the within-gender trajectory of change using the known class
approach in mixture modelling, similar to our previous work.33

In each of the models, the missing data were as follows: LVIDd (2%),
LVEF (1%), lnNT-proBNP (3%), lnsST2 (2%), HFSPS scores (3%), and
PHQ9 scores (3%). All 19 women were included in all of the trajectory
models except the PHQ9 model in which data were missing for one
woman. Post-implantation, 92% of participants (95% of women) had at
least 1 LVIDd measurement, and 89% (89% of women) had at least 1
LVEF measurement. Because echocardiograms were only performed if
clinically indicated, there were more missing data for LVEF and LVIDd.
Most participants had measurements of plasma NT-proBNP (80% over-
all; 79% of women), plasma sST2 (78% overall; 79% of women), and
HFSPS (70% overall; 84% of women) and PHQ9 scores (70% overall;
79% of women) across all four time points. Full information maximum
likelihood estimation was used to handle missing data post-implantation,
as this method produces less biased parameter estimates than other
methods of handling missing data.34 Significance was set at a < 0.05.
Analyses were performed using Stata/MP v.15 (College Station, TX,
USA) and MPlus v.8 (Los Angeles, CA, USA). GraphPad Prism 8.2 (San
Diego, CA, USA) was used to prepare the figures. The corresponding au-
thor will make the data and methods used in the analysis available to any

qualified researcher upon reasonable request for purposes of reproduc-
ing the results.

Results

There were a few statistically significant differences in baseline clinical
characteristics between women (n = 19) and men (n = 79) in this pre-
dominantly middle-aged and white cohort (Table 1). Namely, fewer
women had an intra-aortic balloon pump prior to implant, and
women had lower serum haemoglobin compared with men. Also,
while not statistically significant, women had more non-ischaemic HF
aetiologies and a shorter duration of time living with HF. There were
no significant differences in comorbidities or other clinical markers.
By 6 months post-implantation, there were no significant differences
between women and men in treatment with a diuretic (P = 0.354), a
beta-blocker (P = 0.051), or an angiotensin-converting enzyme inhibi-
tor/angiotensin receptor blocker (P = 0.64). No participants were
lost to follow-up.

Baseline LVIDd was significantly narrower for women compared
with men (Figure 1A). Women had a significant reduction in LVIDd
between 1 and 6 months post-implantation; however, there was no
significant gender difference in the rate of change. Both women and
men had significant improvements in LVEF between 1 and 6 months
post-implantation, and notably, LVEF increased significantly more in
women than men (Figure 1B).

Between 1 and 6 months post-implantation, men had a significant
reduction in plasma lnNT-proBNP, and there was a significant gender
difference in the rate of change (Figure 2A). There were significant dif-
ferences in both the linear and quadratic aspects of change in plasma
lnsST2 comparing women and men (Figure 2B). Women had an in-
crease in plasma lnsST2 through 1 month followed by an eventual de-
crease through 6 months post-implantation; in contrast, men had an
initial and overall decrease in plasma lnsST2 post-implantation.
Trajectories of change in raw values of biomarkers are displayed in
Supplementary material online, Figure.

Baseline physical symptoms were significantly worse in women
compared with men (Figure 3A). Physical symptoms improved signifi-
cantly for women and men; however, there were no significant gen-
der differences in the rate of change. Both women and men had
significant improvements in depressive symptoms in the first month
post-implantation with no significant gender difference (Figure 3B).
Men continued to have significant improvements; however, there
was no significant gender difference, and average scores for women
and men were well below 10. Overall, depressive symptoms
decreased by about half for both women and men between baseline
and 6 months post-implantation.

Discussion

In our study of 98 patients who received an LVAD, we found signifi-
cant gender differences in trajectories of change in clinical markers
from pre- to 6 months post-implantation but fairly similar trajectories
in symptoms between women and men. While women had narrower
left ventricular diameters and similar ejection fraction compared with
men pre-implantation, ejection fraction improved more dramatically

650 Q.E. Denfeld et al.
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Table 1 Characteristics of the sample at baseline (pre-implantation) (n 5 98)

Mean6SD, n (%), or median [IQR]

Women (n 5 19) Men (n 5 79) P-value

Patient characteristics

Age (years) 54.3 ± 14.2 53.1 ± 13.8 0.740

Non-Hispanic Caucasian 16 (84.2) 63 (82.9) 1.00

Married/living with partner 14 (73.7) 46 (60.5) 0.288

Education level 0.443

Less than high school 3 (15.8) 7 (9.2)

>High school but < college 9 (47.4) 46 (60.5)

College degree 7 (36.8) 23 (30.3)

Body mass index (kg/m2) 27.5 ± 5.8 29.4 ± 5.3 0.215

Charlson Comorbidity Index (weighted) 2.9 ± 2.1 2.5 ± 1.5 0.448

Atrial fibrillation 9 (47.4) 38 (48.1) 0.954

Stage 3 chronic kidney disease 7 (36.8) 29 (36.7) 0.991

Type II diabetes mellitus 7 (36.8) 34 (43.0) 0.623

General heart failure characteristics

Time with heart failure in years: median [IQR] 4.0 [1.8–10.0] 7.0 [1.2–14.3] 0.596

NYHA functional class 0.832

Class II 0 (0) 4 (5.1)

Class III 9 (47.4) 38 (48.7)

Class IV 10 (52.6) 36 (46.2)

Non-ischaemic etiology 16 (84.2) 48 (60.8) 0.054

Prescribed a b-blocker 8 (42.1) 37 (46.8) 0.710

Prescribed an ACE-I or ARB 17 (89.5) 55 (69.6) 0.090

Prescribed an aldosterone antagonist 14 (73.7) 55 (69.6) 0.728

Prescribed an inotrope 15 (79.0) 55 (69.6) 0.419

ICD or biventricular ICD 17 (89.5) 65 (82.3) 0.728

Intra-aortic balloon pump 4 (21.1) 39 (49.4) 0.026

Serum sodium (mEq/L) 135.1 ± 3.5 134.1 ± 4.2 0.288

Serum haemoglobin (g/dL) 11.1 ± 1.2 12.4 ± 2.0 <0.001

Serum BUN:creatinine ratio 25.5 ± 8.9 22.0 ± 8.0 0.127

Heart rate 94.7 ± 16.1 92.6 ± 17.4 0.618

Systolic blood pressure 102.7 ± 16.6 102.1 ± 12.9 0.882

Diastolic blood pressure 63.6 ± 7.7 64.7 ± 8.4 0.567

Pulmonary capillary wedge pressure (mmHg) 21.9 ± 7.7 24.0 ± 8.6 0.317

Right atrial pressure (mmHg) 8.6 ± 4.3 9.6 ± 4.9 0.359

Cardiac index (L/min/m2 by Fick equation) 1.8 ± 0.6 1.9 ± 0.5 0.416

LVAD characteristics

INTERMACS categorya 0.891

1 1 (5.9) 4 (5.3)

2 12 (70.6) 57 (75.0)

3 4 (23.5) 15 (19.7)

Implant strategy 0.276

Bridge to transplantation 12 (63.2) 53 (67.1)

Bridge to decision 4 (21.1) 22 (27.9)

Destination therapy 3 (15.8) 4 (5.1)

Device 0.679

Heartmate II 13 (68.4) 57 (72.2)

Heartmate III 1 (5.3) 2 (2.5)

Heartware 5 (26.3) 20 (25.3)

aINTERMACS category not available for all participants.
ACE-I, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; BUN, blood urea nitrogen; ICD, implantable cardioverter-defibrillator; INTERMACS,
Interagency Registry for Mechanically Assisted Circulatory Support; IQR, interquartile range; LVAD, left ventricular assist device; NYHA, New York Heart Association; SD,
standard deviation.
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..among women than men post-implantation. Moreover, while base-
line values of plasma NT-proBNP and sST2 were similar, women had
lesser improvement in plasma NT-proBNP and a significantly differ-
ent trajectory of change in plasma sST2 compared with men post-im-
plantation. Lastly, while women had significantly worse physical
symptoms compared with men pre-implantation, there were no sig-
nificant gender differences in trajectories of physical and depressive
symptoms post-implantation, indicating that women and men re-
spond similarly in terms of symptoms. Taken together, while women
have slightly worse biomarker trajectories, they have better echocar-
diographic trajectories and similar symptoms compared with men
post-implantation. Our study builds on previous research by rein-
forcing the gender disparity in LVAD implantation rates and shows
that women respond favourably to LVAD therapy.

The differences in echocardiographic parameters between women
and men were of interest. In both health and disease, women have
slightly different cardiac structure and function, including smaller left
ventricles and higher LVEF but greater concentric hypertrophy and
left ventricular stiffness compared with men.9 Several studies have
shown that gender influences myocardial performance using multiple
imaging modalities.35,36 Our findings provide evidence that although
women started out with smaller diameters, reduction of LVIDd fol-
lowing LVAD implantation decreases similarly among women and
men with advanced HF. Kenigsberg et al. demonstrated that women

had a greater reduction in LVIDd, independent of body size, com-
pared with men in a larger sample size. Although a similar trend was
observed in our study, it failed to reach statistical significance; the
small sample of women in our study may have contributed to this dif-
ference in our findings. Adding to previous research showing that
LVEF significantly improves after implantation10 and similar to findings
by Kenigsberg et al.,11 we found that women had a greater increase in
LVEF between 1 and 6 months post-implantation compared
with men. In sum, mechanical unloading with an LVAD may reveal
some inherent sex differences in cardiovascular pathophysiological
mechanisms.9,35

Gender differences in trajectories of plasma biomarkers were not-
able. Men demonstrated a significant decrease in plasma NT-proBNP
post-implantation but women did not despite having better improve-
ment in mean LVEF and a similar reduction in LVIDd. There is evi-
dence from previous research that plasma NT-proBNP improves
among both women and men following LVAD implantation,10 so it is
unclear why our findings differed. It has been noted that women have
higher plasma NT-proBNP across the HF ejection fraction spec-
trum,12 which may explain our findings. Moreover, women had a dif-
ferent, albeit non-significant, trajectory of change (i.e. n-shaped) in
plasma sST2 compared with men (i.e. a significant overall decline).
Women had higher rates of infection at 3 months post-implant,
which could partly explain the differences in trajectories of plasma

Figure 1 Trajectories of echocardiographic parameters in women and men pre- to post- left ventricular assist device implantation. Left ventricular
internal end-diastolic diameter. (A) and left ventricular ejection fraction (B) (shown as mean and 95% confidence interval on the graph and mean and
standard error of the mean in the table) were measured in women (dashed line) and men (solid line) from pre- to 6 months post-implantation. In the
first month post-implantation, both women (n = 19) and men (n = 77) had a significant decrease in left ventricular internal end-diastolic diameter
(women: z = -5.21, P < 0.001; men: z = -7.45, P < 0.001); between 1 and 6 months post-implantation, only women had a significant decrease (women:
z = -2.88, P = 0.004; men: z = -0.97, P = 0.333). Comparing trajectories, pre-implantation left ventricular internal end-diastolic diameter was significant-
ly different between women and men, but the changes thereafter were not significantly different. In the first month post-implantation, neither women
(n = 19) nor men (n = 78) had a significant change in left ventricular ejection fraction (women: z = 0.63, P = 0.528; men: z = -0.62, P = 0.537); between
1 and 6 months post-implantation, both women and men had a significant increase in left ventricular ejection fraction (women: z = 2.44, P = 0.015;
men: z = 2.55, P = 0.011). Comparing trajectories, neither pre-implantation left ventricular ejection fraction nor changes in the first month were signifi-
cantly different between women and men; however, women had a significantly greater increase in left ventricular ejection fraction between 1 and
6 months post-implantation compared with men. LVEF, left ventricular ejection fraction; LVIDd, left ventricular internal end-diastolic diameter.

652 Q.E. Denfeld et al.



..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

.
sST2 given that sST2 has been linked with inflammatory processes
and higher C-reactive protein levels.15 Taken together, known gen-
der differences in biomarkers may persist after LVAD implantation,
reflecting different aetiologies, progression, and responses to mech-
anical offloading, as well as implications for prognostication based on
the two biomarkers.

We showed that symptoms generally improved for both women
and men after implantation, extending our previous findings on
changes in symptoms from pre- to post-LVAD implantation.37

Although women had greater physical symptom burden pre-implant-
ation compared with men, both women and men experienced
improvements in physical symptoms post-implantation. We also
showed that both women and men reported similar significant
improvements in depressive symptoms post-implantation. Previous
research showed that women are more likely to have combined de-
pression and anxiety pre-implantation compared with men19 and that
there may be gender differences post-implantation in the depression
and anxiety dimension of health-related quality of life.20 Findings from
our study did not support these differences, however. We used the
PHQ9 as a measure of depressive symptoms and did not connect
anxiety with depression, which may explain the differences in findings.
Despite these encouraging findings, it will be important to continue

to screen for depression given the high prevalence of depression in
HF,38 coupled with the added burden of LVAD maintenance.

Taken together, these findings may provide clinical guidance for
women and men scheduled for LVAD implantation. Importantly,
findings from our study provide preliminary evidence that women
respond favourably to LVAD therapy with similar overall improve-
ment in physical and depressive symptoms compared with men.
Furthermore, findings from our study indicate that women experi-
ence substantial improvements in left ventricular structure and
function following LVAD implantation. Our sample of women was
small; however, so the associations will have to be re-evaluated
in larger studies to determine the clinical utility of the findings.
Understanding typical clinical and symptom trajectories for women
and men may provide context for shared decision-making, especially
given the gender imbalance in implantation rates.3 Similar to our
previous research,33 understanding differences and similarities in
symptom trajectories and cardiac function between subgroups
of LVAD patients will inform decisions to implant an LVAD and
post-implantation expectations.

Our study has limitations. First, while our sample was relatively
large compared with other prospective LVAD studies, we had sub-
stantially more men than women, which unfortunately reflects the

Figure 2 Trajectories of plasma biomarkers in women and men pre- to post-left ventricular assist device implantation. Plasma natural log of N-ter-
minal pro-B-type natriuretic peptide (A) and natural log of soluble supressor of tumorigenicity levels (B) (shown as mean and 95% confidence interval
on the graph and mean and standard error of the mean in the table) were measured in women (dashed line) and men (solid line) from pre- to 6
months post-implantation. In the first month post-implantation, neither women (n = 19) nor men (n = 76) had significant changes in plasma natural log
of N-terminal pro-B-type natriuretic peptide (women: z = 0.29, P = 0.772; men: z = -0.60, P = 0.550); between 1 and 6 months post-implantation, only
men had a significant decrease (women: z = -0.96, P = 0.339; men: z = -6.03, P < 0.001). Comparing trajectories, neither pre-implantation plasma nat-
ural log of N-terminal pro-B-type natriuretic peptide nor changes in the first month were significantly different between women and men; between 1
and 6 months post-implantation, however, men had a greater decline in plasma natural log of N-terminal pro-B-type natriuretic peptide compared
with women. Between pre- and 6-months post-implantation, women (n = 19) did not have significant changes in plasma natural log of soluble suppres-
sor of tumorigenicity (linear: z = 1.14, P = 0.253; quadratic: z = -1.71, P = 0.088) but men (n = 77) did (linear: z = -3.80, P < 0.001; quadratic: z = 2.69,
P = 0.007). Comparing trajectories, pre-implantation plasma natural log of soluble suppressor of tumorigenicity was not significantly different between
women and men, but both the linear and quadratic changes were significantly different. lnNT-pro-BNP, natural log of N-terminal pro-B-type natriuret-
ic peptide; lnsST2, natural log of soluble suppressor of tumorigenicity.
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.
gender imbalance that pervades advances therapies.3 Thus, the small
sample size of women may have hindered the identification of some
differences at baseline and in trajectories of change. Second, this ra-
cially homogenous sample was drawn from one medical centre in the
Pacific Northwest in the US and, as such, may not be generalizable to
the advanced HF patient population at large. Third, while this study
focused on responses to mechanical unloading using continuous flow
devices, this sample was primarily comprised of Heartmate II
implants, which should be taken into consideration when applying
these data to future iterations of LVADs. Finally, given the complexity
of maintaining and managing an LVAD, there may have been other
contextual characteristics (e.g. caregiver support) not captured in
these data that could explain our findings.

Future research should focus on a few key areas. First, future re-
search will be needed to test these relationships in larger clinical sam-
ples, especially in studies with more equal gender representation.
Second, there is a need to examine gender differences in physiologic-
al changes that occur post-implantation that may explain observed
differences in LVEF (e.g. possible left ventricular recovery39) and NT-
proBNP (e.g. possible right ventricular failure40). Third, while we
observed similar improvements in physical and depressive symptoms
in both women and men post-implantation, these findings should be
explored further to identify factors that help or hinder symptom
burden in women and men, particularly in the context of noted

gender differences in symptom biology.41 Additionally, while the
HFSPS captures multiple physical HF symptoms (e.g. oedema, dys-
pnoea) together, future research should explore gender differences
in trajectories of specific symptoms plus others (e.g. pain) post-im-
plantation. Finally, the reason for substantial gender differences in
LVAD use remains unknown. There are known gender differences in
aetiology, comorbidities, and age in HF;3,9 however, these
differences alone do not fully explain why only about one out of
every five LVAD recipients are women. Differences in referral
patterns and/or refusal of this advanced surgical treatment
option may be factors.

Conclusions

In our sample of LVAD patients prospectively studied over 4 time
points, we found significant gender differences in trajectories of
clinical markers, but fairly similar trajectories in symptoms, from pre-
to 6 months post-implantation. These findings signal potential differ-
ences and similarities in parameters of physiologic, pathophysiologic,
and responses to intervention that should be taken into consider-
ation in the clinical management of this growing patient population.
The sample of women in our study is small, however, yet it is
reflective of the known gender imbalance in LVAD implantation
rates. Given the positive response in symptoms and cardiac function

Figure 3 Trajectories of symptoms in women and men pre- to post-left ventricular assist device implantation. Physical symptoms (A) and depres-
sive symptoms (B) (shown as mean and 95% confidence interval on the graph and mean and standard error of the mean in the table) were measured
in women (dashed line) and men (solid line) from pre- to 6 months post- implantation. In the first month post-implantation, both women (n = 19) and
men (n = 76) had significant decreases in physical symptoms (women: z = -4.32, P < 0.001; men: z = -7.16, P < 0.001); between 1 and 6 months post-
implantation, women and men continued to have significant decreases (women: z = -2.46, P = 0.014; men: z = -2.79, P = 0.005). Comparing trajecto-
ries, pre-implantation physical symptoms were significantly different between women and men; however, changes in the first month and between 1
and 6 months post-implantation were not significantly different. In the first month post-implantation, both women (n = 19) and men (n = 76) had sig-
nificant decreases in depressive symptoms (women: z = -2.78, P = 0.005; men: z = -6.28, P < 0.001); between 1 and 6 months post-implantation, only
men continued to have significant decreases (women: z = -0.27, P = 0.788; men: z = -2.44, P = 0.015). Comparing trajectories, there was no significant
difference in pre-implantation depressive symptoms nor in changes thereafter between women and men.
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.
among women post-implantation, it is unclear why the gender
imbalance in LVAD implantation rates exists. Future research should
seek to understand the gender imbalance that pervades advanced
therapies and inform clinical decision-making to ensure equitable
allocation of advanced therapies.

Supplementary material

Supplementary material is available at European Journal of
Cardiovascular Nursing.
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35. FöLl D, Jung B, Schilli E, Staehle F, Geibel A, Hennig JRGEN, Bode C, Markl M.
Magnetic resonance tissue phase mapping of myocardial motion new insight in
age and gender. Circ Cardiovasc Imaging 2010;3:54–64.

36. Andre F, Steen H, Matheis P, Westkott M, Breuninger K, Sander Y, Kammerer R,
Galuschky C, Giannitsis E, Korosoglou G, Katus HA, Buss SJ. Age- and gender-
related normal left ventricular deformation assessed by cardiovascular magnetic
resonance feature tracking. J Cardiovasc Magn Reson 2015;17:25.

37. Lee CS, Mudd JO, Lyons KS, Denfeld QE, Jurgens CY, Aouizerat BE, Gelow JM,
Chien CV, Aarons E, Grady KL. Heart failure symptom biology in response to
ventricular assist device implantation. J Cardiovasc Nurs 2019;34:174–182.

38. Silver MA. Depression and heart failure: an overview of what we know and don’t
know. Cleveland Clin J Med 2010;77:S7–S11.

39. Wever-Pinzon O, Drakos SG, McKellar SH, Horne BD, Caine WT, Kfoury AG,
Li DY, Fang JC, Stehlik J, Selzman CH. Cardiac recovery during long-term left
ventricular assist device support. J Am Coll Cardiol 2016;68:1540–1553.

40. Cogswell R, John R, Shaffer A. Right ventricular failure after left ventricular assist
device. Cardiol Clin 2020;38:219–225.

41. Lee CS, Hiatt SO, Denfeld QE, Chien CV, Mudd JO, Gelow JM. Gender-
specific physical symptom biology in heart failure. J Cardiovasc Nurs 2015;30:
517–521.

656 Q.E. Denfeld et al.


	tblfn1
	tblfn2

