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Abstract

Differences in device design may have an effect on platelet damage and associated clinical
complications. We aimed to compare device specific platelet functionality in 26 heart failure
patients supported with three continuous-flow left ventricular assist devices (CF-LVADs):
HeartMate 11 (n=8), Jarvik 2000 (n=9) and HeartWare (n=9). Intraplatelet reactive oxygen species
(ROS) generation, mitochondrial damage and platelet apoptosis were compared between device
types before and after the implantation at every week up to 1 month. Overall, the baseline
characteristics, demographics, routine laboratory values were comparable between the three device
groups. Intraplatelet ROS, mitochondrial damage and platelet apoptosis significantly elevated in
the HeartWare group in comparison to the other two device groups after implantation. The major
bleeding, infections, systemic inflammatory response syndrome and right ventricular failure were
found to be more common among the HeartWare group than others. Intraplatelet ROS and platelet
damage levels were returned to baseline in both the HeartMate 1l and Jarvik groups whereas in
HeartWare group they remained elevated. The patients with the Jarvik and the HeartMate 11
experienced less clinical complications and the platelet functionality is not compromised by these
devices. Data from this study suggests that the CF-LVVAD design may exert different effects on
platelet function.
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Introduction

CF-LVAD therapy has evolved into a standard therapy for patients with advanced heart
failure (HF), either as a destination therapy or a bridge to cardiac transplantation or a bridge
to myocardial recovery.! Despite demonstrating significant improvements in survival with
contemporary CF-LVVADs compared to the older, pulsatile devices. Non-surgical bleeding,
major infections, transient ischemic attack or stroke, systemic inflammatory response
syndrome (SIRS), renal dysfunction, respiratory failure, right ventricular failure continues to
be the most frequently reported complications.?~>

In United States, the most common implantable 2"d generation pumps are the Heart-Mate I
and the Jarvik 2000.5-9 Up to date, the HeartMate 11 is the most successful second-
generation pump worldwide and approved as bridge to transplant and as destination therapy.
10-13 While device complications were comparable between 2"d and 3 generation CF-
LVADs, it was reported that patients with 3"d generation CF-LVAD (HeartWare HVAD)
experienced a significantly higher incidence of thrombosis, stroke and gastrointestinal
bleeding.14

As platelets have well recognized roles in hemostasis and thrombosis, altered platelet
functionality or platelet damage may lead to unrestrained bleeding or other associated
complications. Exposure of blood to elevated shear stresses, which have been demonstrated
to exist in these CF-LVVADs based on rotary blood pump technology, can not only result in
platelet activation, but also trigger apoptosis events, including mitochondrial transmembrane
potential depolarization and phosphatidylserine exposure.1® It is reasonable to assume that
long-term exposure to high shear stress flow environment in CF-LVVADs may have an
additive role in platelet damage. Despite increasing experience with newer generation
devices, there has been little research comparing the design effects of CF-L\VVADs on platelet
functionality of patients. In this single center study, we measured the intraplatelet reactive
oxygen species (ROS), mitochondrial damage and platelet apoptosis in serially collected
blood samples from patients supported with either HeartMate 11 or Jarvik or HeartWare CF-
LVAD to examine device specific changes in platelet functionality.

Materials and Methods

Subjects

We recruited 26 HF patients with NYHA class IV undergoing CF-LVAD implantation as
bridge to transplant or destination therapy and 11 healthy volunteers as the control group.
The CF-LVADs implanted included the HeartMate 11 (Thoratec Corp, Pleasanton, CA) in 8
patients, the Jarvik 2000 (Jarvik Heart, New York, NY) in 9 patients, and the HeartWare
HVAD (HeartWare Inc, Framingham, MA) in 9 patients. Seven patients received the
Levitronix CentriMag for right ventricular support along with either the HeartMate 11 (n=2)
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or the Jarvik 2000 (n=1) or HeartWare HVAD (n=4). The duration of RVAD supports for
these patients was in between 1 to 25 days. Jarvik is the preferred device for patients with
prior sternotomy and preserved RV function due to its ability to be implanted via left
thoracotomy (relatively preserved RV function is preferred because this approach doesn’t
allow access for direct RVAD insertion). Since February 2013 we have also preferred it for
destination therapy patients due to the availability of a post-auricular pedestal connector,
which should reduce the risk of exit site infection. The HeartWare is our preferred device for
BTT. Hence it is more frequently used in younger, more acutely ill, non-ischemic patients,
who have a tendency toward increased risk of RV failure. The Heartmate 1l is used primarily
for destination therapy patient who don’t qualify for the Jarvik or HeartWare trials, or who
receive the device via the control arm of one of those trials. All procedures involving
collection of human blood were approved by the Institutional Review Board (IRB). All
patients and volunteers gave their written informed consent and were informed about the aim
of the study.

Anticoagulation/Antiplatelet Treatment

After CF-LVVAD implantation, anticoagulation was initiated with a titrated heparin dose with
the goal for partial thromboplastin time of 40-45s once chest drainage was less than 30
mL/h for at least 4 hours. Thereafter the goal was aimed to have an anti-Xa activity level of
0.1-0.15 U/mL. The anticoagulation medication was subsequently converted to warfarin
with a targeted international normalized ratio (INR) from 1.8 to 2.3 for the HeartMate I, 2
to 3 for the Jarvik and the HeartWare. Antiplatelet agents were added to the anticoagulation
regimen and the dosage was titrated based on measurements of platelet function using a
platelet function analyzer (PFA-100® (Dade Behring, Inc, Deerfield, IL) and
thrombelastogram (TEG) (TEG® 5000 Thrombelastograph® Hemostasis Analyzer System,
Haemonetics Corporation, Braintree, MA). All the patients received pentoxifylline to
improve RBC deformability in the hope of mitigating shear-induced hemolysis.

Collection and Preparation of Blood Sample

EDTA/Citrate-anticoagulated blood samples from the HF patients were collected before CF-
LVAD implant surgery (baseline/pre-operative: Pre-OP) and at day 7, 14, 21 and 30 (Post-
operative duration 1, 2, 3 weeks and 1 month: POD-1W, 2W, 3W and 1M) after the implant
surgery. Based on the expected post-transfusion recovery and life span of transfused
platelets, we had collected blood samples after 2-5 days of platelet transfusion (if any).
Blood samples from the healthy donors were collected once. All the blood samples from the
HF patients and the healthy volunteers were aliquoted and processed immediately according
to the standardized study protocol.

Platelet Function Measurements

Measurements of platelet function with the PFA-100® were performed according to the
manufacturer’s instructions using the collagen/adenosine-5"-diphosphate (CAPD) cartridge
and the collagen/epinephrine (CEPI) cartridge. We also used the TEG parameters to assess
the platelet function. The TEG parameters: TEG-maximum amplitude (TEG-MA), kinetic
time (TEG-KT) and angle (TEG-Angle) were analyzed.
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Measurement of Intraplatelet ROS

Platelet rich plasma (PRP) was prepared by centrifugation and was loaded with 2”,7"-
dichlorofluorescein (HoDCF-DA,; Sigma), a cell-permeable non-fluorescent dye that is
cleaved by intracellular esterases to H,DCF, rendering it membrane-impermeable, and then
emits fluorescent energy in the presence of ROS. Generation of ROS in the platelets resulted
in green fluorescence that was quantified in fluorescence channel-1(FL1) and was expressed
as mean fluorescence intensity (MFI) in arbitrary unit. Intraplatelet ROS was also visualized
by immunofluorescence microscopy using the commercially available ROS detection kit (cat
no: ENZ-51011, Mercodia Inc, Winston Salem, NC, USA).

Measurement of Platelet Mitochondrial Damage

Platelet mitochondrial damage was measured by flow cytometry using mitochondrial
membrane potential (A'W'm)-sensitive dye, tetramethylrhodamine ethyl ester (TMRE), a
commercially available MitoPT® TMRE Assay Kit (cat no: 9103, ImmunoChemistry
Technologies, LLC, Bloomington, MN). TMRE is a cell permeant, positively-charged, red-
orange dye that readily accumulates in active mitochondria due to their relative negative
charge. Depolarized or inactive mitochondria have decreased membrane potential and fail to
sequester TMRE. Thus TMRE measured the mitochondrial integrity of platelets by
monitoring the loss of fluorescence intensity and displayed as % of depolarized AY
platelets.

Detection of Platelet Apoptosis

Platelet-surface exposure of phosphatidylserine (PS) was determined using flow cytometry
with the Annexin V-FITC Apoptosis Detection Kit (cat no: K101-100, BioVision, Inc.,
Milpitas, California) according to the manufacturer’s instruction. Platelet apoptosis was
determined by flow cytometry where both annexin V-FITC (FL1) and PE-conjugated mouse
anti-CDA41 1gG (FL2) stains were positive and was expressed as mean fluorescence intensity
(MFI) in arbitrary unit.

Statistical Analyses

Results

The data are presented as mean+SD or SE (standard deviation or standard Error) or median
with interquartile range (IQR) and statistically analyzed using SPSS statistical software
(Statistical Package for Social Sciences for windows, release 18.0; SPSS Inc., Chicago, IL,
USA). Statistical differences were determined by using Chi-square test, Student’s t-test and
Mann-Whitney U'test, as applicable. Univariate analysis was carried out using Spearman’s
rank correlation test to find out the relation between two measurable parameters as
continuous variables, and the result was expressed as p (rho) value. Statistical significance
was assigned at P < 0.05.

Demography and Clinical Characteristics

Comparative analyses of demographic and clinical characteristics of the HF patients in the
HeartMate 11, Jarvik 2000 and HeartWare groups before implantation were summarized in

ASA/O J. Author manuscript; available in PMC 2020 July 10.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Mondal et al.

Page 5

Table 1. All the three groups were comparable with respect to demography, vital signs, past
medical history, etiology of heart disease and echocardiographic parameters.

We prefer the Jarvik for patients with prior sternotomy. These are typically ischemics. The
preponderance of nonischemics in the other two device groups explains the slightly higher
LVEDD vs the Jarvik. All patients had severe LV dysfunction (EF <20%); the difference
between Jarvik (15%) and the other two groups (12.5%) is clinically and statistically
insignificant. Also as stated above, the preferred technique for Jarvik insertion is via left
lateral thoracotomy, which does not allow access to the RA/RV/PA for direct RVAD
insertion. Thus, we preferentially select patients with better RV function for that device.
Similarly, most Heartmate Il patients are destination therapy patients, in which one also
preferentially selects those with better RV function due to the lack of a permanent RV
support device. Unfortunately our echo lab does not report RVEDD, RVEF, or TAPSE.

Adverse Events after Implantation

Table 2 lists adverse events and clinical complications in these patients after CF-LVVAD
implantation. Non-surgical bleeding was found to be more frequent in the HeartWare group
compared to the other two groups. Besides bleeding; major infections, SIRS, RV failure
were also predominated in HeartWare group.

Laboratory Hematology, Blood Chemistry and Platelet Function Tests

The routine laboratory hematologic and blood chemistry tests of patients in each device
group before and after implantation are summarized in Figure 1. There were no significant
differences in the hematology and blood chemistry parameters between the device groups
before and after implantation. The change in PFA 100 and TEG data during the three types
of device support over the time period is depicted in the Figure 2. There was no significant
difference in the severity of the primary hemostatic defect indicated by these tests between
the device groups.

Change in intraplatelet ROS

Flow cytometric analysis shows that the intraplatelet ROS among all the HF patients prior to
CF-LVAD implantation is 4-times higher than that in the healthy volunteers (144.1 £+ 8.5 vs
36.1£11.2, p <0.0001 in Student’s £test). However, when we divided the patients according
to CF-LVAD types, the level of the intraplatelet ROS was higher in HeartWare group in
comparison to those in the HeartMate 11 and Jarvik groups (Figure 3A). The post implant
measurement shows that the levels of the intraplatelet ROS slightly increased in the
HeartMate 11 and HeartWare groups and slightly decreased in the Jarvik group throughout
the study period. While examining the temporal trend of each device group, we noticed
significantly higher intraplatelet ROS in the HeartWare group at POD 2 weeks and POD 1
month in comparison to the other two device groups (Figure 3B). At one month after CF-
LVAD implantation, we noticed that the level of the intraplatelet ROS in the HeartWare
group was 1.6-fold and 1.8-fold higher compared with those in the HeartMate 11 and Jarvik
groups, respectively (Figure 3B). The immunofluorescence microscopic examination of the
intraplatelet ROS of the patients from the three device groups was in general agreement with
the flow cytometric evaluation. The difference in the fluorescence intensity of ROS positive
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platelets before and after CF-LVAD implantation in all three groups is shown in the figure
3C. More ROS positive platelets (green spots) were observed in the HeartWare group
compared to those in the HeartMate Il and Jarvik groups.

Change in platelet mitochondrial damage

Compared to the healthy volunteers, HF patients showed 4-fold higher % of depolarized
AY ., platelets prior to CF-LVAD implantation (11.0 + 1.2 vs 2.8 £ 0.7, p<0.001 in Student’s
Etest), indicating a pre-existing condition of platelet mitochondrial damage in these patients.
Differences between the device groups were not statistically significant at baseline (Figure
4A). The post-implant depolarized AY ,, platelets in the HeartMate 11 and Jarvik groups did
not show any significant change in comparison to the baseline although a decreasing
tendency was evident with increasing post implant time. In contrast, we noticed a consistent
increase in the depolarized AY y,, platelets in the HeartWare group, and highest at the 3rd
weeks after implantation, indicating platelet mitochondrial damage was more prominent in
the HF patients supported with the HeartWare CF-LVVAD (Figure 4B). Throughout the
follow-up period after CF-LVVAD implantation, the depolarized A'Y ,, platelets always
remained significantly higher in HeartWare group compared to the other two groups (Figure
4B).

Change in platelet apoptosis

Similar to the intraplatelet ROS and mitochondrial damage, platelet apoptotic was also found
to be a pre-existing condition in all the HF patients compared to the healthy volunteers
(134.6 £ 8.5vs.50.6 £ 2.7, p<0.001 in Student’s £test). Differences between the device
groups were not statistically significant at baseline (Figure 5A). Compared to the baseline
value, the post-implant apoptotic platelets in the HeartMate 11 group increased slightly up to
POD 2 weeks and at the end of the study almost returned to the baseline level. In the Jarvik
group, we did not notice any change in platelet apoptosis throughout the study period
compared to the baseline level. In contrast, we noticed a consistent increase in platelet
apoptosis in the HeartWare group, maximum at POD 3 weeks, indicating platelet apoptosis
was more prominent in the HF patients with the HeartWare CF-LVAD (Figure 4B).
Comparing the overall trends in platelet apoptosis after CF-LVVAD implantation, it was found
that the HeartWare group had significantly higher levels of platelet apoptosis at POD 2
weeks, 3 weeks and one month compared to HeartMate Il and Jarvik groups (Figure 5B).

Relationship between intraplatelet ROS and platelet damage

To examine the relationships between the intraplatelet ROS and platelet damage, we
conducted Spearman’s nonparametric correlation test between the indication parameters for
intraplatelet ROS and platelet damage in all the HF patients supported by CF-LVAD. When
the intraplatelet ROS values are plotted against the mitochondrial damage values, we noticed
a statistically significant positive association between the intraplatelet ROS and platelet
apoptosis (0=0.4024, 95%C.1=0.13-0.62, p=0.0042 for intraplatelet ROS with mitochondrial
damage and 0=0.5314, 95 %C.1.=0.30-0.71, p<0.0001 for intraplatelet ROS with platelet
apoptosis).
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Device, clinical complications and platelet dysfunction

Considering the small sample size in each group, we did not notice any significant change in
platelet dysfunctionality between different LVAD versus RVAD. However, we compared the
data for the RVAD patients to the rest of the cohort, independent of LVAD types. RVAD
patients were obviously sicker and the presence of a 2"d pump would logically cause
increased platelet damage. To figure out any role of RVAD support after different CF-LVAD
implantation, we need to increase our sample size in future study.

Considering the small sample size in each group, at present it is not possible to compare
device specific clinical complications and their effects on platelet dysfunctionality. Every
patient had different combinations of clinical outcomes that might change the platelet
function. Considering the already stated correlation between sepsis and RVF and platelet
activation, we found that only two patients had sepsis and RV failure at a time in the
HeartWare group. These patients obviously had higher intraplatelet ROS, mitochondrial
damage and platelet apoptosis when compared to rest of the patients without sepsis and RV
failure after CF-LVVAD implantation.

Discussion

Oxidative stress, defined as an excess production of ROS relative to antioxidant defense, has
been shown to play an important role in the pathophysiology of cardiac remodeling and
heart failure.16-18 The current study focused on the intraplatelet oxidative stress that is
associated with platelet functionality in HF patients supported with CF-LVVADs. We noticed
excess production of intraplatelet ROS in the HF patients prior to CF-L\VVAD implantation
when compared to healthy volunteers. Oxidative stress has been reported to increase with
aging, life-style factors (substance abuse/smoking), diabetes and hypertension.1%-22 This
might explain why these HF patients had preexisting higher intraplatelet ROS. However, the
knowledge of how implanted CF-LVADs affect the production of ROS and its association
with platelet mitochondrial integrity and survival is limited.

In our study, we noticed that there were differences in the pattern of intraplatelet ROS
generation with respect to the types of CF-LVVADs. The patients supported with the
HeartWare CF-LAVD had a significantly higher level of the intraplatelet ROS compared to
the HeartMate Il and Jarvik CF-LVVADs. The elevation of the intraplatelet ROS generation in
this group is not clearly understood. The non-physiological high shear stress is often induced
at the blade tip of the rotary blood pumps. The tip gap of the Jarvik and HeartMate Il is in
the range of 100 to 150 micrometers. Although the gap between the impeller and housing of
the HVAD is large (radial direction), its hydrodynamic bearing might have more profound
effect on platelet damage because the area between the impeller and top housing for the
hydrodynamic bearing is much large compared with that of the axial flow pump. The gap
size of the hydrodynamic bearing is unknown. Thus the HVAD might induce a higher level
of platelet injury. However, it is interesting to note that the post implant clinical
complications (major infections, SIRS and RV failure) in the patients supported with the
HeartWare were more frequent. It may suggest that there was an association of these post
implant complications with ROS generation. It has been reported that the production of ROS
was found to be elevated during inflammation, infection and right heart failure.23-25
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Platelets are the primary mediators of hemostasis and can be a target of ROS during
activation. These conditions can affect platelet physiology, leading, as an ultimate event, to
the cell number modification.26 Our previous study indicated that there is a difference in
platelet count between non-bleeding and bleeding patients after the CF-LVAD implantation.
27 |n the present study, pre versus post implant platelet counts were found to be somewhat
altered in numbers in all the three groups but remained within normal range throughout the
study. Under the normal circumstance, platelets contain fully functional mitochondria which
regulate the pro-thrombotic function of platelets through not only energy generation, but also
redox signalling and the initiation of apoptosis.28 We noticed higher mitochondrial damage
at baseline in all the three groups of HF patients in comparison to the healthy volunteers.
After CF-LVAD implantation, the trends of mitochondrial damage were minimized in the
HeartMate 11 and Jarvik groups. Interestingly, an opposite trend was noticed in the
HeartWare group indicating that mitochondrial damage was more pronounced. A similar
trend was also noticed in platelet apoptosis because both the mitochondrial damage and
platelet apoptosis are related to each other. The higher mitochondrial damage and platelet
apoptosis in the HeartWare group might attribute to the bleeding complications as more than
half of the patients in the HeartWare group encountered non-surgical bleeding during the
study period. Significantly higher incidences of Gl bleeding in the patients supported with
the HeartWare CF-LVAD was also reported by others compared to the HeartMate 11 and
Jarvik CF-LVADs.1# In our study, we noticed that more HVAD patients required RVAD
support. It might also be suggested that the disease state of the HVAD patients might be
more severe compared to the Jarvik and HeartMate 11 patients although there were no
difference in the demographic parameters.

The principal function of platelets is to prevent bleeding, thus dysfunctional platelets can be
a cause of major bleeding events in CF-LVAD patients. In agreement with this we have
recently reported the rheologic disturbance in the codomain of the glycoprotein Iba that may
point to platelet defects in the presence of CF-LVAD in the circulation system,2” Although
platelets are anuclear, they do undergo apoptosis, a process of programmed cell death. The
events of platelet apoptosis via the intrinsic pathway include only the cytoplasmic events
initiated by the increased rate of endogenous reactive oxygen species (ROS).2° We noticed
significantly higher intraplatelet ROS generation in all the three groups of CF-LVAD
patients as a preexisting condition. The Spearman’s rank correlation test established a
significant positive association between intraplatelet ROS and percentage of depolarized
AY, and apoptotic platelets in all the HF patients irrespective of device types. In this case,
the primary target of oxidative stress may be mitochondrial DNA and its damage leads to the
down regulation of electron transport chain, eventually leading to an intensification of ROS
generation and formation of mitochondrial permeability transition pore resulting in the inner
transmembrane potential depolarization.30 Ultimately there is externalization of
phosphatidylserine, which is a signal from the apoptotic cells for phagocytosis.30-31

Study Limitation

We acknowledge that our study has some limitations. This was a single-center study of a
small number of patients in each group who were screened for quantification of intraplatelet
ROS, mitochondrial damage and platelet damage. Not all CF-LVVAD-supported patients were
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enrolled for this study. The effects of antiplatelet drugs or other medication on intraplatelet
ROS and platelet damage may need to be explored in future study involving higher patients
in each CF-LAVD group. A larger cohort followed for a longer period of time is also
needed.

Conclusion

This study provides first evidence that the response of oxidative stress and platelet damage
varied from devise to device after implantation. The patients in the Heart\Were group
experienced higher mitochondrial damage and concomitant platelet apoptosis.
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Figurel.

Comparison of routine laboratory hematology and blood chemistry before and after
implantation with three different kinds of CF-LVVADs. Data are expressed as mean+SD. The
dotted lines in each line diagram indicating the normal high and normal low values of each
parameter measured.
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Figure 2.

Comparison of platelet function and whole blood hemostasis tests parameters before and
after implantation with three different kinds of CF-LVVADs. Data are expressed as meanSD.
The dotted lines in each line diagram indicating the normal high and normal low values of

each parameter measured.
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Figure 3.

Comparison of change in intraplatelet ROS levels in controls and before and after
implantation with three different kinds of CF-LVVADs. (A) Box-whisker plots showing
control and baseline values of intraplatelet ROS in patients with different CF-L\VVAD settings.
The lines across each box plot represent the median value. The lines that extend from the top
and the bottom of each box represent the lowest and highest observations still inside the
lower and upper limit of confidence. *p<0.05 is considered significant in Mann-Whitney U
test. (B) Change in post-operative levels of intraplatelet ROS between different devices
specific patients during the study period. Data are expressed as mean+SD. *,p<0.05
compared with HeartMate Il and t,p<0.05 compared with Jarvik in Student’s t-test. (C)
Immunofluorescence microscopy showing DCF-DA positive platelets (green) as an indicator
of intraplatelet ROS generation. Note higher fluorescence intensity among HF patient
supported by HeartWare in comparison to HeartMate 11 and Jarvik. Magnificationx1000.
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Figure 4.

Comparison of change in % depolarized A¥'m platelets in controls and before and after
implantation with three different kinds of CF-LVADs. (A) Box-whisker plots showing
control and baseline values of % depolarized AY'm platelets in patients with different CF-
LVAD settings. The lines across each box plot represent the median value. The lines that
extend from the top and the bottom of each box represent the lowest and highest
observations still inside the lower and upper limit of confidence. *p<0.05 is considered
significant in Mann-Whitney U test. (B) Change in post-operative levels of % depolarized
AYm platelets between different devices specific patients during the study period. Data are
expressed as meanSD. *,p<0.05 compared with HeartMate Il and t,p<0.05 compared with
Jarvik in Student’s t-test.
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Figureb.

Comparison of change in platelet apoptosis in controls and before and after implantation
with three different kinds of CF-LVVADs. (A) Box-whisker plots showing control and
baseline values of platelet apoptosis in patients with different CF-LVAD settings. The lines
across each box plot represent the median value. The lines that extend from the top and the
bottom of each box represent the lowest and highest observations still inside the lower and
upper limit of confidence. *p<0.05 is considered significant in Mann-Whitney U test. (B)
Change in post-operative levels of platelet apoptosis between different devices specific
patients during the study period. Data are expressed as mean+SD. *,p<0.05 compared with
HeartMate Il and t,p<0.05 compared with Jarvik in Student’s t-test.
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Table 1.

Demographic and baseline clinical characteristics of HF patients prior to HeartMate 11, Jarvik and HeartWare
implantation

Pre-implant HF patients (n=26)

Characteristics

HeartMatell (n=8) Jarvik (n=9) HeartWare (n=9)
Demography
Age in years, median (IQR) 62 (57-76) 62 (23-70) 62 (25-71)
Sex, n(% male) 6 (75.0%) 9 (100%) 6 (66.7%)
Race
Caucasian white, n(%) 3(37.5%) 4 (44.4%) 3(33.3%)
Black, n(%) 5 (62.5%) 4 (44.4%) 5 (55.6%)
Hispanic or Latino, n(%) — 1(11.1%) 1(11.1%)
Height in meter, median (IQR) 1.7 (1.6-1.9) 1.8 (1.7-1.9) 1.8 (1.7-1.9)
Weight in kilograms, median (IQR) 84.0 (48.1-127.9) 89.6 (76.6-119.4)  78.9 (53.0-109.1)
Body mass index (kg/m?), median (IQR) 27.7 (17.0-38.2) 29.2 (24.2-39.0)  24.4(19.5-32.2)
Body surface area (m2), median (IQR) 1.9 (1.5-2.5) 2.2(1.9-2.9) 2.0 (1.6-2.3)
History of smoking, n(%) 2 (25%) 2 (22.2%) 2 (22.2%)
History of substance abuse
Ethyl alcohol abuse, n(%) 2 (25%) 2 (22.2%) 2 (22.2%)
Drug abuse, n(%) 2 (25%) 2 (22.2%) 2 (22.2%)
Vital signs
Systolic blood pressure (mmHg), mean+SD 95.7+£20.0 100.4+12.1 98.5+22.7
Diastolic blood pressure (mmHg), mean+SD 56.3+8.8 58.6+7.2 69.0+£25.3
Past medical history
Heart failure, n(%) 8 (100%) 9 (100%) 9 (100%)
Diabetes mellitus, n(%) 2 (25%) 3 (33.3%) 3(33.3%)
Hypertension, n(%) 4 (50%) 5 (55.6%) 4 (44.4%)
Etiology of heart disease
Ischemic cardiomyopathy, n(%) 3(37.5%) 5 (55.6%) 1(11.1%)
Non-ischemic cardiomyopathy, n(%) 5 (62.5%) 3(33.3%) 5 (55.6%)
Idiopathic Cardiomyopathy, n(%) - 1(11.1%) 3(33.3%)
Echocardiographic parameters
Left ventricular end diastolic diameter (mm), meantSD ~ 71.4+11.0 61.449.2 77.7+£10.5
Left ventricular ejection fraction, (%), mean+SD 12.5+4.2 15.0+£3.2 12.5+5.0
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Adverse events of HF patients after HeartMate 11, Jarvik and HeartWare HVAD implantation

Table 2.

Adverse events

Pre-implant HF patients (n=26)

HeartMatell (n=8) Jarvik (n=9) HeartWare (n=9)

Non-surgical bleeding
Major infections
Stroke

SIRS

Renal dysfunction
Respiratory failure

RV failure

RVAD support required
Replacement of VADs

Device malfunction

1
0
1
2
2
2
2
2
0
1
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