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Abstract

BACKGROUND: Detecting right heart failure post left ventricular assist device (LVAD) is
challenging. Sensitive pressure-volume loop assessments of right ventricle (RV) contractility may
improve our appreciation of post-LVAD RV dysfunction.

METHODS: Thirteen LVAD patients and 20 reference (non-LVAD) subjects underwent
comparison of echocardiographic, right heart cath hemodynamic, and pressure-volume loop-

This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Reprint requests: Steven Hsu, MD, Division of Cardiology, Johns Hopkins Medical Institutions, 1800 Orleans Street Zayed 7125S,
?altimore, MD 21287. Telephone: (410) 502-0955. steven.hsu@jhmi.edu.

@Js08Paul.
2Twitter: @stevenhsu_md.
Author contributions
PJS and SH developed concept, designed study, performed procedures, analyzed data, and drafted manuscript. IMCS, SF, LH, MK,
and AW collected and processed data, refined study design. MM performed procedures and collected data. PMH, WKC, and RJT
designed and refined study. PJS, IMCS, MM, FA, NAG, KS, AK, PAH, RJT, and SH performed critical review of the manuscript and
revised accordingly.


https://creativecommons.org/licenses/by-nc-nd/4.0/

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Scheel et al. Page 2

derived assessments of RV contractility using end-systolic elastance (Ees), RV afterload by
effective arterial elastance (Ea), and RV-pulmonary arterial coupling (ratio of Ees/Ea).

RESULTS: LVAD patients had lower RV Ees (0.20 + 0.08 vs 0.30 £ 0.15 mm Hg/ml, p=0.01)
and lower RV Ees/Ea (0.37 + 0.14 vs 1.20 £ 0.54, p < 0.001) versus reference subjects. Low

RV Ees correlated with reduced RV septal strain, an indicator of septal contractility, in both the
entire cohort (r=0.68, p=0.004) as well as the LVAD cohort itself (#=0.78, p=0.02). LVAD
recipients with low RV Ees/Ea (below the median value) demonstrated more clinical heart failure
(71% vs 17%, p = 0.048), driven by an inability to augment RV Ees (0.22 £ 0.11 vs 0.19 + 0.02
mm Hg/ml, p = 0.95) to accommodate higher RV Ea (0.82 + 0.38 vs 0.39 + 0.08 mm Hg/ml, p=
0.002). Pulmonary artery pulsatility index (PAPI) best identified low baseline RV Ees/Ea (<0.35)
in LVVAD patients ((area under the curve) AUC = 0.80); during the ramp study, change in PAPi also
correlated with change in RV Ees/Ea (r=0.58, p=0.04).

CONCLUSIONS: LVAD patients demonstrate occult intrinsic RV dysfunction. In the setting
of excess RV afterload, LVAD patients lack the RV contractile reserve to maintain ventriculo-
vascular coupling. Depression in RV contractility may be related to LVAD left ventricular
unloading, which reduces septal contractility.

Keywords

right heart failure; left ventricular assist device; pressure-volume loop; echocardiographic strain;
pulmonary hypertension

Late right heart failure (RHF) is emerging as a vexing complication following left
ventricular assist device (LVAD) implantation.1 > Its relative importance is increasing as
rates of post-LVAD hemocompatibility-related adverse events have fallen in recent years.?
Overall rates of postoperative RHF have remained unchanged post-LVAD26-8 and have even
increased in the case of late RHF.2 The definition of late RHF, refined in 2020,10 relies

on RHF hospitalization, thereby rendering it rather specific. Many more LVAD recipients
suffer as outpatients with right-sided congestive symptoms and end-organ consequences
that worsen quality of life, longevity, and successful bridging to transplant.8-11 Detection of
RHF post-LVVAD also relies on clinical, echocardiographic, and hemodynamic assessments
of right ventricle (RV) function that are dynamic and load-dependent. Thus, their poor
sensitivity for detecting intrinsic RV dysfunction in its earlier stages12 limits our ability to
identify and prevent late RHF before it becomes manifest.

A better accounting of the full extent of intrinsic RV function in LVAD recipients would
improve the diagnosis, prevention, and ultimate treatment of RHF post-LVAD. Invasive

RV pressure-volume loop measurements provide a potential methodology to address this
need. Pressure-volume loops facilitate assessment of RV end-systolic elastance (Ees), a
highly sensitive, load-independent measure of RV contractility, as well as effective arterial
elastance (Ea), which enables the calculation of right ventricular-vascular coupling as the
ratio of Ees/Ea.13 Our group4-17 and others18 have leveraged invasive pressure-volume loop
measurements of RV Ees and Ees/Ea to uncover occult RV dysfunction. In the present study,
we prospectively measure RV pressure-volume loop measurements alongside clinical indices
in a cohort of LVAD recipients and compare them to those of non-LVAD reference subjects
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to assess the full extent of LVAD RV contractile dysfunction. In doing so, we uncover new
insights into intrinsic RV contractility, contractile reserve, and vascular coupling in LVAD
patients that shed light on the extent and possible etiologies of intrinsic RV dysfunction in
the LVAD population.

Materials and methods

Study population

LVAD patients at least 1 month after implantation referred for right heart catheterization
(RHC) were prospectively enrolled at a single LVVAD center between 2021 and 2022.
Referral reason was categorized as either for assessment of heart failure symptoms or

for routine hemodynamic assessment. Non-LVAD reference subjects underwent RHC at

3 centers (Johns Hopkins University, Colorado University, Medical University of South
Carolina). Reference subjects were comprised of generally healthy subjects free of
cardiopulmonary disease. They did not meet criteria for heart failure (pulmonary capillary
wedge pressure [PCWP] > 15 mm Hg) or pulmonary hypertension (mean pulmonary artery
pressure [MPAP] > 20 mm Hg). Institutional review boards at each center approved all
studies. All patients provided written informed consent.

Study design

All patients underwent prospective clinical assessment at the time of RHC paired with
laboratory assessment obtained either same day or within 1 month prior. All underwent

8 Fr venous access under local anesthetic via the right internal jugular vein followed by
clinical RHC in the supine position. LVAD patients also underwent additional RHC and
echocardiographic assessments at additional LVAD speeds (measured after 2 minutes at

the new speed). Appropriate low, medium, and high speeds were chosen for each patient,
unless otherwise noted. HeartWare (Medtronic, Minneapolis, MN) and HeartMate 3 (Abbott,
Chicago, IL) LVAD patients underwent 100 and 200 rpm increment changes, respectively.

Routine hemodynamic pressure measurements were obtained at end-expiration while cardiac
outputs were based on the average of 3 thermodilution measurements with < 10% error.
Additional hemodynamic indexes of RV function were calculated as follows:

Pulmonary artery pulsatility index (PAPi) = (sSPAP — dPAP)/RAP
@)

Pulmonary artery compliance (PAC) = SV/(sPAP — dPAP)
@

RV stroke work index (RVSWI) = 0.136(SVI)(mPAP — RAP)
©)
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Above, sPAP is systolic pulmonary artery pressure, dPAP is diastolic pulmonary artery
pressure, mPAP is mean pulmonary artery pressure, RAP is right atrial pressure, SV is stroke
volume, and SVI is stroke volume index (SV normalized to body surface area). Parameter
changes as a function of LVAD speed were calculated by subtracting the parameter of
interest at the lowest recorded speed from the same parameter at the highest recorded speed.

Following completion of clinical RHC, the pulmonary artery catheter was replaced by

a pressure-volume conductance pigtail catheter (CA-71103-PL or CA-41103-PN, CD
Leycom, Netherlands) positioned in the RV apex under fluoroscopic guidance. Steady-state
pressure-volume loop measurements at end-expiration were obtained at baseline for both
groups, then at each LVVAD speed for LVAD patients. Again, between each speed change, a
2-minute wait was observed with care to ensure the patient reached the same flow, power,
and LVVAD pulsatility observed at each speed during the clinical study.

Pressure-volume loop analysis

Volume signals from each segment were assessed using the Inca system and ConductNT
software (CD Leycom, The Netherlands). Intracavitary segments with counter-clockwise
pressure-volume signals were summed to yield total RV volume. Steady-state RV pressure-
volume loops were calculated across 5 end-expiratory beats. RV Ees is ideally determined
as the slope of the line connecting end-systolic points (ESP) as RV preload is reduced by
inferior vena cava balloon occlusion or Valsalva maneuver.13 However, the former would
have added procedural risk while the latter could not be reliably performed on LVAD
recipients. Instead, we calculated RV Ees using the well-described steady-state, single-beat
method.19:20 RV Ees was calculated as the difference between the modeled isovolumic beat
peak pressure and the measured ESP divided by stroke volume. Meanwhile, RV Ea was
defined as ESP divided by SV.

Echocardiogram strain analysis

Only patients at 1 center (Hopkins) had an echocardiogram done at the time of

RHC. RV speckle-tracking echocardiographic-based strain analysis was performed offline
using commercially available strain software (Epsilon Echolnsight Version 3.1.0.3358,
Milwaukee, WI). From the apical 4-chamber view, peak systolic longitudinal strain of

the RV free wall and septum was obtained in accordance with standard clinical practice
and prior published work.2! A board-certified echocardiologist (M.M.) performed all strain
analyses blinded to all clinical and research-derived variables.

Statistical analysis

Categorical variables are represented as 77 (%) and continuous variables as mean +

standard deviation. They were compared using chi-square and Wilcoxon rank sum tests,
respectively. To assess the relationship between pressure-volume loop-derived measures
and echocardiographic or hemodynamic parameters, univariable linear regression was
performed. A change in measurement was defined as the difference between its value at

the high- and low-speed categories. To account for variable LVAD speeds tested in different
patients, 3 ramp speed categories (low, medium, and high) were defined for each patient

to assess the effect of speed change on dependent variables of interest. Not all patients
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underwent 3 speeds, however; some only underwent 2 speed changes, with fewer speed
changes occurring at random. Then, a repeated-measures analysis of variance was used to
examine the effects of L\VAD speed, patient group, as well as their interaction term (i.e., the
differential effect of speed on each group) on various dependent variables of interest such
as contractility or coupling. Area under receiver operating characteristic curves were used
to determine the ability of clinical RHC parameters to predict low baseline RV Ees/Ea and
negative Ees/Ea change between high and low speeds. Data were analyzed using STATA
17.0 (StataCorp, College Station, TX) and GraphPad Prism 9.4.1 (GraphPad, San Diego,
CA). Statistical significance was defined by a 2-sided p-value < 0.05.

Subject demographics

Thirty-three patients underwent RHC and RV pressure-volume loop measurements: 13
LVAD and 20 reference subjects. All had analyzable pressure-volume loop data. Patient
demographic and clinical data are presented in Table 1. LVAD patients were predominantly
male with mean age of 54 years. Among LVAD patients, the cause of the cardiomyopathy
was primarily nonischemic (10/13, 77%). HeartMate 3 (69%) or HeartWare (31%) LVAD
was implanted, most via full sternotomy (92%), between October 2015 and December 2021,
a mean of 861 days (range 109-2,406) before pressure-volume loop measurement. Reference
subjects differed from LVAD patients in that they were mostly female. The groups did not
differ statistically with regards to age.

Hemodynamic comparison

RHC parameters are in Table 1. L\VAD patients had higher right-sided, pulmonary, and
left-sided pressures when compared to the reference group. Cardiac index and SV were both
lower. LVAD patients had higher natriuretic peptide levels and serum creatinine. Among the
calculated hemodynamic indexes of RV function, PAPi was different between the 2 groups
(Table 1).

RV pressure-volume derived hemodynamic comparison

Representative pressure-volume loops for each group are shown in Figure 1A. LVAD
patients had lower intrinsic RV contractility as assessed by single-beat-derived RV Ees
compared to NCD patients (0.20 + 0.08 vs 0.30 + 0.15 mm Hg/ml, p=0.01). This is
combined with a higher total pulmonary arterial afterload, as indexed by RV Ea in LVAD
patients (0.62 + 0.35 vs 0.29 + 0.14 mm Hg/ml, p< 0.001). Thus, there was reduced
ventricular-vascular coupling, as indexed by RV Ees/Ea, in the LVAD patients (0.37 £ 0.14
vs 1.20 £ 0.54, p< 0.001) (Figure 1B).

Echo strain data

In the subset of patients with echo data, strain was analyzed whenever possible for both
groups. LVAD patients had significantly worse RV strain than NCD patients, whether
measured in the septum or free wall (Figure 2A-B), corresponding with the lower RV Ees
seen in LVVAD. Studies have hypothesized that the interventricular septal contribution to RV
contractility may be diminished in LVAD patients due to left ventricular (LV) unloading by
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the LVAD.22 We therefore investigated whether RV Ees correlated to either septal strain,
free wall strain, or both. Across both groups, RV Ees correlated significantly with RV septal
strain but not RV free wall strain (Figure 2C-D). Further, this correlation held true even
when looking at the LVAD cohort alone (Figure 2E-F).

LVAD RV contractility and ventricular-vascular coupling

To investigate the impact of reduced ventricular-vascular coupling among our LVAD
patients, we dichotomized our group based on median baseline RV Ees/Ea (Ees/Ea >

0.35 vs <0.35). Demographic and clinical data for the 2 LVVAD subgroups are shown in
Table 2. There was a trend (p = 0.10) toward higher daily diuretic requirement in the

low Ees/Ea <0.35 group. The reason for RHC referral was also different: Significantly
more LVAD patients with low Ees/Ea were suffering from overt clinical heart failure
symptoms (,0=0.048). The lower coupling group also had higher pulmonary and biventricular
filling pressures (Table 2). PAPi trended lower (p = 0.08) in the low coupling group, but
other hemodynamic measures of RV contractility, compensation, and overall flow were not
dramatically different between groups. Summed afterload (RV Ea) was significantly higher
in the low coupling group (0.82 £ 0.38 vs 0.39 + 0.08 mm Hg/ml, p= 0.002). Despite the
higher afterload in the low coupling group, RV Ees did not increase to match Ea (Table 2),
hence the lower Ees/Ea ratio in that group by definition.

We next sought to identify clinical RHC parameters that identified right ventricle-pulmonary
arterial (RV-PA) uncoupling in LVAD patients. PAPi and CI correlated with RV Ees/Ea, the
latter more weakly (Figure 3A). RVSWI and RAP/PCWP ratio did not. Based on area under
the receiver operator curve analysis, there was a trend toward PAPiI being able to predict RV
Ees/Ea <0.35 ((area under the curve) AUC = 0.80, p= 0.07) (Figure 3B).

Changes in RV contractility and ventriculo-vascular coupling as a function of speed

With a speed increase, RV Ea declined slightly (Figure 4). RV Ees, however, behaved
differently with respect to speed increases. In the higher coupling group, Ees rose with speed
increase; in the poor coupling group, however, Ees actually declined with speed increase
(interaction p=0.05) (Figure 4). This behavior drove a significant group difference in
Ees/Ea behavior with respect to speed (interaction p=0.02) (Figure 4). Among clinical
parameters of RV function, only a change in PAPi was correlated with an increase in

Ees/Ea with speed increase (Figure 5A). Based on area under receiver operator characteristic
analysis, change in PAPI performed best (AUC = 0.76) at predicting an improvement in RV
Ees/Ea. This relationship, however, was not statistically significant (p= 0.12) (Figure 5B).

Discussion

In the present study, we leveraged RV pressure-volume loop measurements to assess load-
independent RV contractility in LVAD patients versus non-LVVAD reference subjects. We
found that LVVAD patients have depressed intrinsic RV contractility as assessed by Ees and
reduced RV compensation as indexed by RV-PA coupling. Reduced RV Ees was correlated
specifically with reduced septal strain, suggesting that LV unloading may play an important
role in septal contractility and, in turn, chamber-level RV contractility. Those LVAD patients
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with the worst RV-PA coupling demonstrated more signs and symptoms of clinical heart
failure, in association with an inability to augment RV contractility in the face of increased
afterload. During LVAD speed changes, disparate behavior in RV Ees/Ea was mostly driven
by different behavior in RV Ees. PAPI, both at baseline and with speed changes, provided
the best proxy for RV Ees/Ea. Our results provide new insights into the prevalence of
intrinsic RV contractile dysfunction in LVAD patients and highlight the important roles that
the septum and summed pulmonary afterload may play on RV contractility and RV-vascular
coupling in the setting of LVAD physiology.

Occult RV dysfunction in LVAD recipients

Slight decrements to RV contractility in the setting of increased pulmonary afterload are
hard to detect.123 Standard echocardiographic and hemodynamic measures of RV function
can miss occult RV dysfunction.1’ Here, we demonstrate that intrinsic RV contractility is
much lower in LVAD patients than previously thought. Our low RV Ees values (0.23 £
0.10 mm Hg/ml) are lower than, but not statistically different from, prior published LVAD
RV Ees values as reported by Brener and colleagues24 (0.50 + 0.32 mm Hg/ml) and Tran
and colleagues?® (0.37 + 0.14 mm Hg/ml). Interestingly, RV Ees was significantly low

in all LVAD patients, even though half were asymptomatic. This highlights the potential
existence of occult RV contractile dysfunction even among seemingly well-compensated
LVAD patients.

Low RV contractility (Ees) became a major issue among LVVAD patients with high afterload
(Ea). In the face of higher Ea, we found that L\VAD patients seemed to lack any RV

reserve to increase Ees and preserve the Ees/Ea ratio. This lack of RV reserve was
reminiscent of that seen in adult congenital heart disease patients with Fontan physiology26
or group | pulmonary arterial hypertension patients with RV failure.17-2” LVAD patients
have previously been shown to have poor RV reserve during exercise.2>:27:28 Among
LVAD patients, the RV shows some initial contractile reserve but quickly fails to augment
contractility in the face of ongoing increases in exertional afterload.2> By showing that this
issue is even present at rest and also present among asymptomatic individuals, this study
suggests that poor intrinsic RV contractility among LVAD patients may be more prevalent
than previously appreciated.

Influence of septal contractility

LV septal contractility contributes significantly to intrinsic RV contractility, a finding
discovered over 30 years ago.2? This is relevant in LVAD patients, since significant LV
unloading reduces LV preload, stroke work,22 and thus septal contractility. Since RV septal
strain approximates septal contractility, we tested for and found a significant correlation
between RV septal strain and RV Ees. Moreover, RV Ees was only correlated to RV septal
strain and not free wall strain, suggesting a specific and stronger relationship between the
septum and RV contractility. To our knowledge, this is the first study specifically examining
septal strain and RV Ees; prior studies focused only on LVAD global or free-wall RV
strain.3% Although we do not prove a causative relationship between RV septal contractility
and RV Ees, our ramp data did reveal that in patients with poor Ees/Ea, further increases

in L\VVAD speed actually decreased RV Ees, perhaps by further reducing septal contractility.
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Surgical technique may also affect RV function,3! since sternotomy and the resultant loss

of pericardial restraint may influence RV geometry and septal function, especially with
intrapericardial pumps.31 Unfortunately, the predominantly full-sternotomy approach among
our patients limited the study of sternotomy versus sternotomy-sparing surgical approaches.
Further studies should test the causative relationship between LVAD unloading, septal
contractility, surgical technique, and RV Ees.

Right ventricular-vascular coupling

Our results suggest that, among LVAD patients with poor RV reserve, small increases in
pulmonary arterial afterload may have a more deleterious effect. This matches prior work
by us and others showing that residual high pulmonary vascular resistance post-LVAD
correlates with late RHF® and an increased diastolic pulmonary gradient correlates with
worse outcomes.32 Of note, it remains unclear in LVAD patients whether a high DPG causes
RV failure or vice versa. A persistently high DPG could represent pathologic pulmonary
vascular remodeling that worsens RV function. However, only 1 LVAD patient in our cohort
had a DPG > 5 mm Hg at baseline, pointing to additional contributory factors. In an

LVAD patient, increasing the LVAD speed in a patient with intrinsic RVF could cause LV
suction, lower PCWP, and thereby exacerbate the DPG. In fact, this exact behavior was

seen in a study by Imamura and colleagues.32 That said, an LVAD speed that is too low

has equally deleterious consequences,33:34 leading to excess heart failure hospitalizations
and less chance of myocardial recovery.3® Future studies are needed to better determine the
relationship between LVAD RV failure and DPG and the best way to balance LVAD speed
with RV contractile function. A better understanding of these mechanisms should also refine
LVAD patient selection for oral pulmonary vasodilators, which do indeed show benefit in
some LVAD patients, as recently described by Xanthopoulos and colleagues.3®

Measuring pressure-volume loops remains impractical in routine clinical practice. Here,
we correlate for the first time RV pressure-volume loop parameters to standard clinical
indexes. By doing so, we find that PAPi may prove to be a useful correlate of RV Ees/Ea in
LVAD recipients. This finding matches the utility PAPi has shown in several clinical arenas
including advanced heart failure and LVAD patients3’ and has even shown a correlation to
intrinsic RV myocyte failure.38 Future studies should ascertain whether PAPi is indeed a
useful correlate of pressure-volume loop-derived Ees/Ea.

This study has several limitations. As a single-center study, applicability may be limited due
to center-specific LVAD management. However, our observed RV Ees values were similar to
2 other studies of RV Ees in LVAD recipients.242% Our limited cohort size, although similar
to or larger than any prior RV pressure-volume loop studies of LVAD patients,2425 may have
introduced type 11 error. Similarly, strain analysis could not be performed universally due

to inadequate echocardiographic image quality, further reducing the cohort size for strain
analyses. Sex differences between our LVAD and reference cohort may have led to a lower
Ees among the LVAD group, but they would not have affected our analyses of the LVAD
patient cohort itself. The use of repeated-measures analysis of variance assumes any missing
ramp speeds were missing at random, which they were; however, effect estimates may be
biased if the missing values were systematically different from observed values.
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In conclusion, LVVAD patients have significantly lower intrinsic RV contractility than
previously appreciated. In the face of increased afterload, LVAD patients also demonstrate
poor RV reserve and reduced RV-vascular coupling, leading to clinical heart failure. Poor
intrinsic RV contractility in LVAD patients correlates to reduced septal strain. Given the
importance of LV septal contractility to intrinsic RV contractility, this suggests a potential
causative role of LVAD LV unloading on RV contractility. Lastly, PAPi may be a suitable
clinical surrogate of poor RV-vascular coupling as measured by RV pressure-volume loops.
Our study suggests RV contractility in LVAD patients may be much worse than previously
appreciated and offers several potential new lines of investigation.
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Figure 1.
RV contractility in LVAD patients. (A) Example pressure-volume loops for each group.

RV Ees, solid line; Ea, dashed line. (B) RV contractility (Ees), afterload (Ea), and right
ventricular-pulmonary arterial coupling (Ees/Ea) for each group. LVAD patients have lower
intrinsic RV contractility and right ventricle-pulmonary arterial coupling, as indexed by
Ees and Ees/Ea. Ea, effective arterial elastance; Ees, end-systolic elastance; LVAD, left
ventricular assist device; RV, right ventricle.
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Figure 2.
Regional echocardiographic strain in LVAD and its relationship to chamber RV contractility.

Both (A) RV septal strain and (B) RV free wall strain are significantly worse in LVAD
versus controls. RV contractility as measured by Ees correlates with (C) RV septal strain
but not (D) free wall strain. The specific correlation between RV Ees and septal strain, but
not free wall strain, holds true even when looking at the LVAD cohort alone (E-F). Ees,
end-systolic elastance; LVAD, left ventricular assist device; RV, right ventricle.
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Figure 3.

Clinical surrogates of RV Ees/Ea. (A) Linear regressions of baseline right ventricle-
pulmonary arterial coupling (Ees/Ea) versus select clinical indices of RV function. (B) Area
under receiver operator characteristic curves for identifying poor right ventricle-pulmonary
arterial coupling in an LVAD patients (Ees/Ea <0.35). PAPi and cardiac index correlate
with Ees/Ea, while RVSWI and RA/ PCWP ratio do not. PAPi has the best AUROC
for detecting depressed Ees/Ea. Cl, cardiac index; Ea, effective arterial elastance; Ees, end-
systolic elastance; LVAD, left ventricular assist device; PAPi, pulmonary artery pulsatility
index; RA/PCWP, RA-to-pulmonary capillary wedge pressure; RV, right ventricle; RVSWI,
right ventricular stroke work index.

J Heart Lung Transplant. Author manuscript; available in PMC 2024 April 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Scheel et al.

Page 15

—_—
-l 0.4+ :“1.5- 0.8+
5 £ "
0.3 o
:E: £ 10 w *°
£ 0.2- e £ p o 0.4+ p
= interaction & ' . w interaction
=0.05 || interaction > = 0.02
b i @ 05 =0.87 .
i w 0 0.21
> >
o 0.0 X 0.0 0.0

Low Med High Low Med High Low Med High

-8~ Baseline Ees/Ea =0.35 -G- Baseline Ees/Ea >0.35

Figure 4.
RV contractility, afterload, and coupling as a function of left ventricular assist device

(LVAD) speed. In LVAD patients with poor right ventricle-pulmonary arterial coupling,
further increases in speed did reduce afterload but also reduced intrinsic RV contractility
(Ees) more significantly than in patients with preserved coupling. As a result, poorly
coupled patients saw a further decline in right ventricle-pulmonary arterial coupling at
higher LVAD speeds (interaction p= 0.02). Ea, effective arterial elastance; Ees, end-systolic
elastance; RV, right ventricle.
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Clinical surrogates of right ventricle-pulmonary arterial coupling change. (A) Linear
correlations between clinical indices and the change in Ees/Ea with increasing speed. (B)
Area under the receiver operator characteristic curves for predicting an improvement in
Ees/ Ea at higher speed. Change in pulmonary artery pulsatility index was the only clinical
parameter that correlated with change in Ees/Ea, showing reasonable discrimination for
predicting an increase in Ees/Ea. Ea, effective arterial elastance; Ees, end-systolic elastance;
PAPI, pulmonary artery pulsatility index; PCWP, pulmonary capillary wedge pressure; RV,
right ventricle; RVSWI, right ventricular stroke work index.
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