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Abstract

Background: Neutrophils take part in the innate immune response, phagocy-
tosis, and pro-inflammatory cytokine release. The phagocytic capacity of circu-
lating neutrophils in patients on continuous flow (CF) ventricular assist device
(VAD) has not been well studied.

Methods: Blood samples from 14 patients undergoing CF-VAD implantation
were collected and analyzed preoperatively (at baseline) and on postoperative
days (POD) 3, 7, 14, and 28. Flow cytometry was used to assess the surface expres-
sion levels of CD62L, CD162, and macrophage antigen-1 (MAC-1) and neutrophil
phagocytic capacity. Interleukin 1 (IL1), IL6, IL8, TNF-a, neutrophil elastase, and
myeloperoxidase in plasma were measured using enzyme-linked immunosorb-
ent assays.

Results: Among the 14 patients, seven patients had preoperative bridge de-
vice support. Relative to baseline, patients with no bridge device had elevated
leukocyte count and neutrophil elastase by POD3 which normalized by POD?7.
Neutrophil activation level, IL6, IL8, and TNF-a increased by POD3 and sustained
elevated levels for 7-14 days postoperatively. Elevated neutrophil phagocytic ca-
pacity persisted even until POD28. Similar patterns were observed in patients on
a preoperative bridge device.

Conclusions: Neutrophil activation and phagocytic capacity increased in re-
sponse to VAD support, while inflammatory cytokines remain elevated for up to
2weeks postoperatively. These findings may indicate that VAD implantation elic-
its circulating neutrophils to an abnormal preemptive phagocytotic phenotype.
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1 | INTRODUCTION

Neutrophils are polymorphonuclear (PMN) leukocytes
that take part in the innate immune response, phagocy-
tosis, and pro-inflammatory cytokine release. Neutrophil
activation causes significant upregulation of the granulo-
cyte surface integrin macrophage antigen-1 (MAC-1; also
known as CD11b/CD18), which is considered a marker of
systemic inflammation."? Neutrophil activation also aug-
ments their ligand affinity especially across the selectin
and mucin families of intercellular adhesion molecules.
An increase in affinity between the L-selectin CD62L on
neutrophil surface and the mucin CD34 on resting endo-
thelial cells mediates neutrophil rolling on the endothe-
lium."** Adhesion and transmigration into the site of
injury or foreign body ensues, thereby mounting an im-
mune response and increasing phagocytic capacity. This
process is also enhanced by an increase in binding affinity
between CD162, a mucin-like P-selectin glycoprotein li-
gand-1 located on neutrophil surface, and CD62E/CD62P
located on the surface of activated endothelial cells and/
or platelets.™?

Following neutrophil adhesion and transmigration,
CD62L and CD162 shedding, as a mechanism of down-
regulating both surface receptors, is observed and used
as a marker of neutrophil activation. On activation, neu-
trophils release molecules known as neutrophil extracel-
lular traps which include myeloperoxidases (MPOs) and
neutrophil elastases. MPOs mediate tissue damage during
inflammatory responses, while elastases have been incor-
porated in pro-inflammation, thrombus formation, and
activation of coagulation.>®

Ventricular assist devices (VADs) have been reported
to cause defects in immunologic response to stimuli and
increase reactive oxygen species levels®; thereby leading
to a pro-inflammatory environment. This in turn leads to
increased granulocyte activation and leukocyte-derived
microparticles.7 On the one hand, a VAD acts as a foreign
body in a human host, causing generalized neutrophil
activation. It is also known that the high-speed rotation
of the pump propeller in a continuous flow (CF) VAD in-
troduces high mechanical shear stress to the circulation
which activates immune cells.

There is limited literature on the changes that occur
to neutrophils under in vivo conditions in patients with
implanted CF-VADs. Previous studies on VAD patients
reported a marked increase in neutrophil-to-lymphocyte
ratio (NLR) by postoperative day (POD) one.*® Although
NLR normalized to preoperative levels by 1month and
plateaued by 3months in some patients,'® elevated lev-
els at 3-6 months post-implantation were associated with
higher rates of stroke and mortality.”'® Another study
of 20 patients showed an increase in MAC-1 expression
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(i.e., activated neutrophils) postoperatively with sustained
elevation even up to 30-60 days depending on VAD type."*
A more recent study of 13 patients reported elevated levels
of platelet-neutrophil aggregates compared to control pa-
tients who underwent other cardiac procedures.'?

Given the limited literature on neutrophils in vivo in
patients on CF-VAD support, this study aims to analyze
markers of neutrophil activation and phagocytic capacity,
as well as the levels of pro-inflammatory cytokines in pa-
tients with HVAD (HeartWare, Medtronic, Minneapolis,
MN).

2 | METHODS

2.1 | Patients

From September 2018 to January 2020, 14 patients who
underwent HVAD implantation consented for participa-
tion in the study. Informed consent was obtained based
on an approved protocol by the institutional review board
at the University of Maryland Baltimore. Patients were
divided into two groups depending on the use of bridge
device immediately prior to HVAD implantation: bridge
device (n=7) or no bridge device (n=7). All patients were
followed for 28 days.

Preoperative hemodynamics were collected from the
last documented right heart catheterization prior to any
mechanical circulatory support (MCS). Intraoperative
and postoperative blood product utilization and rotational
speed of implanted HVADs were also documented. Blood
for routine clinical laboratory tests was collected in the
preoperative and postoperative period. Additional blood
was collected for the assays to assess alterations in circu-
lating neutrophils at baseline (preoperative) and on POD
3,7, 14, and 28.

2.2 | Reagents for assays

The antibodies used for flow cytometry assays to as-
sess neutrophil surface markers included V450-labeled
anti-human CD66b (neutrophil marker, clone G10FS5,
mlIgMk) (BD Biosciences, San Jose, CA, USA), FITC-
labeled anti-human CD62L (neutrophil activation
marker, clone DREG56, mIgGlx) (BD Biosciences),
PerCP-labeled anti-human CD45 (leukocyte marker,
clone 2D1, mIgG «) (BioLegend, San Diego, CA, USA),
and APC-labeled anti-human CD162 (neutrophil ac-
tivation marker, clone KPL-1, mIgGlx) (BioLegend),
and PE-labeled anti-human CD11b (neutrophil activa-
tion epitope, clone CBRM1/5, mIgGlk, MAC-1 detec-
tion) (ThermoFisher Scientific, Waltham, MA, USA).
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Corresponding isotypes for these antibodies were used
for preparing negative controls. Neutrophil phagocyto-
sis was detected by phagocytosis assay kit (IgG-DyLight
633, Cayman Chemical, Ann Arbor, MI, USA). Flow
cytometry phosphate-buffered saline (FC-PBS) buffer
was made from PBS with 0.1% bovine serum albumin
(BSA) and 0.1% Sodium Azide (Sigma-Aldrich, St. Louis,
MO, USA). Four percent paraformaldehyde (PFA)
(Affymetrix Inc., Cleveland, Ohio, USA) was used to
make 1% PFA. Red blood cell (RBC) was lysed by RBC
lysing buffer (BD Biosciences). Commercial enzyme-
linked immunosorbent assay (ELISA) kits for human
PMN-Elastase (ThermoFisher Scientific), human mye-
loperoxidase, human IL-1p/IL-1F2, human IL-6, human
IL-8/CXCL8, and human TNF-a (Quantikine, R&D
Systems, Minneapolis, MN, USA) were used to quantify
levels of human inflammatory cytokines.

2.3 | Flow cytometry assay

Blood samples were collected into BD vacutainer cit-
rate tubes (Becton Dickinson, Franklin Lakes, NJ, USA).
Markers for neutrophil activation and receptor shedding
were measured by flow cytometry. For neutrophil staining,

50 puL patient blood was added to a tube and stained with
specific monoclonal antibodies: 2 pL of CD66b-V450, 5pL
of CD62L-FITC, 2.5pL of MAC-1-PE, 0.2puL of CD45-
PerCP, and 1pL of CD162-APC. Samples were incubated
in the dark for 30 min and then fixed with 1% PFA for
30min, followed by centrifugation at 400x g at 4°C for
5min. Blood samples were also stained with correspond-
ing isotypes and incubated. RBCs were lysed with BD lysis
buffer, and cells were pelleted by centrifugation. Samples
were resuspended in FC-PBS buffer, followed by centrifu-
gation at the same speed for 5min. Samples were resus-
pended in 300 uL PBS. Flow cytometry data were acquired
on BD LSRII (BD Biosciences, San Jose, CA, USA). An
unstained cell sample was run first to determine FSC (for-
ward scatter) and SSC (side scatter), then adjusted each de-
tector settings to ensure the autofluorescence background
was within the first decade of the log scale of fluorescence
intensity. BD CompBeads Anti-Mouse Ig, k/Negative
Control Compensation Particles Set (BD Biosciences) was
used to optimize fluorescence compensation. This set pro-
vided distinct positive and negative population when both
particles mixed with a fluorochrome-conjugated mouse
Ig, k antibody and the compensation level was manually
set. Figure 1 shows the gating strategy for the flow cytome-
try data analysis. Granulocytes were gated based on CD45
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FIGURE 1 The gating strategy used to identify the neutrophil population and to determine the expression levels of Mac-1, CD62L, and
CD162 on neutrophils. [Color figure can be viewed at wileyonlinelibrary.com]
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expression level versus SSC, and doublets were removed
by plotting the forward scatter height against area (FSC-H
vs. FSC-A). Neutrophils were identified as CD66b* events.
Levels of MAC-1, CD62L, and CD162 on neutrophil sur-
face were expressed as mean fluorescence intensity (MFI)
among CD66b"* events. A total of 10000 CD66b* events
were collected for analysis. All flow cytometry standard
data files were analyzed using FlowJo Software (BD bio-
science, Ashland, OR, USA).

2.4 | Neutrophil phagocytosis assay

The neutrophil phagocytosis assay was performed follow-
ing manufacturer instructions. Briefly, 50 pL whole blood
was mixed with 0.5puL DyLight 633 IgG-coated beads and
incubated at 37°C for 60 min. Negative control was pre-
pared by incubating the same mixture at 4°C. After an
hour of incubation, phagocytosis was discontinued by
placing samples on ice for 5min. PE-labeled anti-CD66b
antibody (5pL) was added, and samples were incubated
for another 30min. RBC lysing buffer was added, and
samples were washed with FC-PBS. After centrifugation
at 1500rpm for 5min, the cell pellet was resuspended
in 300pL PBS and assessed with BD Calibur cytometry.
CD66b™ events were identified as neutrophils and 10000
CD66b™ cells were collected. Neutrophil phagocytosis was
determined by the percentage of DyLight 633 IgG™ events
among CD66b" events.

2.5 | ELISA assay

Blood samples were collected into BD Vacutainer EDTA
tubes (Becton Dickinson, Franklin Lakes, NJ, USA).
Samples were centrifuged at 3000 rpm for 15min at room
temperature. Plasma was aliquoted and stored at —80°C
until assayed. Samples and standards were run in dupli-
cates per manufacturer instructions. Samples for PMN
elastase and MPO were diluted to concentrations of 1:100
and 1:20, respectively. Absorbance of plasma in 96-well
ELISA plates for each cytokine was measured using the
SpectraMax M3 Spectrophotometer (Molecular Devices,
San Jose, CA) at 450 nm, except for IL8 plates (at 490 nm).

2.6 | Statistical analysis

Data are presented as mean=+standard error or median
[interquartile range (IQR)]. Fisher exact test was used
for comparisons of categorical variables. Student's t-test
or Mann-Whitney U-test was used for comparisons of
continuous variables. For comparison with baseline data,
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mixed linear models were used with patient number as
the subject variable and time of data collection as a fixed
repeated-measure variable. Best-fit model estimated least
squares means on post hoc analysis at each timepoint
to compare between data points at baseline versus sub-
sequent timepoints. Statistical analysis was performed
using SAS® Studio [SAS Institute Inc., Cary, NC, USA].
A p<0.05 was considered statistically significant.

3 | RESULTS

There was no difference in age, body mass index (BMI),
gender, and disease etiology between both two groups
(Table 1). Of the seven patients with bridge device, four
patients were on intra-aortic balloon pump (IABP), two
patients were on veno-arterial extracorporeal membrane
oxygenation (VA-ECMO), and one patient had an IABP
that was exchanged for VA-ECMO due to clinical dete-
rioration. Median duration on bridge device was 10days
[IQR: 5.5-15days].

Of the 14 patients in the study, 13 patients underwent
right heart catheterization at a median of 13days [IQR:
7-21days] prior to HVAD implantation. Six of seven pa-
tients with bridge device underwent catheterization at
a median of 3days [IQR: 3-3.75days] prior to initiation
of any MCS. Preoperative central venous pressure (CVP)
was higher in patients requiring a bridge device; however,
other hemodynamics were similar between both groups
(Table 1).

Intraoperatively, patients with a bridge device required
more packed red blood cells (PRBC) and fresh frozen
plasma (FFP) compared to patients with no bridge device
(Table 2). However, postoperative blood product utiliza-
tion was similar between both groups. No patient required
platelet transfusion postoperatively in either group.

Preoperative hemoglobin was lower in patients with
a bridge device; however, lactate dehydrogenase (LDH)
was similar between both groups (Table 3). On POD23,
LDH was lower in patients with a bridge device, while
hemoglobin was similar between both groups. LDH did
not change from baseline at any subsequent timepoint
in either group. Blood urea nitrogen (BUN), creatinine,
and HVAD rotational speeds were similar between both
groups throughout the study period.

In patients with no bridge device, leukocyte count in-
creased from baseline by POD3 then declined by POD7
thereafter (Figure 2A). This elevation was accompanied
by a drop in CD62L surface expression (Figure 2B), sug-
gesting receptor shedding. However, markers of neutro-
phil endothelial adhesion and general activation, CD162
(Figure 2C) and MAC-1 (Figure 2D), respectively, did not
statistically change from baseline over time.
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. G TA B‘L E1l Preoperative d.emograpl'lics
(n=7) (n=7) e of p‘atle.nts under.gomg ventricular assist
device implantation.
Age (years) 60.5+2.0 51.7+1.3 0.19*
BMI (kg/m?) 26.9+0.6 28.8+0.8 0.50%*
Male 6(85.7) 5(71.4) 1.00"
Disease etiology 1.00"
Ischemic 4(57.1) 3(42.9)
Non-ischemic 3(42.9) 4(57.1)
Right heart catheterization hemodynamics
CO (L/min) 3.9+0.2 46+02,n=5 0.40
CI (L/min/m?) 1.8+0.1 21+0.1,n=6 0.40"
CVP (mm Hg) 7.7+1.1 15.5+0.6, n=6 0.04"
Mean PCWP (mm Hg) 21.2+0.8 24.6+13,n=5 0.37°
Mean PAP (mm Hg) 33.7+1.3 39.8+14,n=6 0.23"

Note: Mean + standard error; n (%). *Student ¢ test; Fisher exact test.

Abbreviations: BMI, body mass index; CI, cardiac index; CO, cardiac output; CVP, central venous
pressure; PAP, pulmonary arterial pressure; PCWP, pulmonary capillary wedge pressure.

TABLE 2 Blood product utilization

No bridge device Bridge device . . . ;
3 for patients undergoing ventricular assist
(n=7) (n=7) p value o .
device implantation.
Intraoperative
PRBC 1[0-1] 3[2-5] 0.03
Platelet 0[0-0] 0[0-1] 0.73
FFP 0[0-0] 3[0-4] 0.02
Cryoprecipitate 0[0-0] 0[0-5] 0.46
Postoperative
PRBC 3 [0-4] 2 [0-9] 0.91
Platelet 0 [0-0] 0[0-0] 1.00
FFP 1[0-2] 0[0-0] 0.27
Cryoprecipitate 0[0-7] 0[0-0] 0.73

Note: Median [interquartile range]. “Mann-Whitney U-test.
Abbreviations: FFP, fresh frozen plasma; PRBC, packed red blood cells.

In patients with a bridge device, leukocyte count in-
creased from baseline by POD3 and remained elevated
until returning to baseline by POD28 (Figure 2A). Surface
expression of CD62L, CD162, and MAC-1 did not statisti-
cally change from baseline. However, there was an eleva-
tion in CD62L (Figure 2B) by POD28 relative to baseline.
Comparing between both groups, there was no difference
in leukocyte count, MAC-1, and CD162 surface expression
throughout all timepoints. However, CD62L surface ex-
pression was higher at baseline in patients with no bridge
device compared to their counterparts (Figure 2B).

With leukocyte count elevation, there was a significant
increase in neutrophil phagocytic capacity at all subse-
quent timepoints compared to baseline in patients with
and without bridge device (Figure 2E). This trend was
similar between both groups at all timepoints.

There was no statistical difference in IL1 levels across
time or between both groups at all timepoints (Figure 3A).
In patients with no bridge device, there was an elevation
by POD3 in IL6 (Figure 3B), IL8 (Figure 3C), TNF-«
(Figure 3D), and PMN elastase per leukocyte count
(Figure 3E). This elevation was followed by a drop in their
respective levels by POD14, POD28, POD238, and POD?7.

In patients with a bridge device, there was an eleva-
tion from baseline in IL6 (Figure 3B) by POD3, and in IL8
(Figures 3C) and TNF-a (Figure 3D) by POD7. This was
followed by a drop to baseline in their respective levels
by POD7, POD14, and POD28. MPO levels were similar
across time in either group, except for a drop from base-
line by POD28 in patients with bridge device (Figure 3F).
Comparing between both groups, only IL6 (Figure 3B)
and PMN elastase per leukocyte count (Figure 3E) were
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\Teit]:i:ulfargass?;bgerjit:gc‘)/t?tlilzri:lnsi)eed No bridge device (n=7) Bridge device (n=7) p-value*
at different timepoints. n Value n Value
Hemoglobin (g/dL)
Baseline 7 11.4+0.3 7 8.2+0.1 0.002
Day 3 7 8.7+0.2 7 8.4+0.1 0.60
Day 7 7 8.7+0.2 6 8.3+0.1 0.46
Day 14 6 8.9+0.2 7 8.7+0.1 0.74
Day 28 7 9.9+0.1 7 8.9+0.2 0.10
LDH (units/L)
Baseline 6 616.2+62.2 6 820.3+61.5 0.36
Day 3 6 842.8+45.2 7 800.7+18.4 0.72
Day 7 6 873.5+48.8 7 659.6 +22.1 0.12
Day 14 6 787.0+34.5 6 720.7 +£40.7 0.62
Day 28 7 681.6+12.9 7 536.3+14.4 0.02
BUN (mg/dL)
Baseline 7 289+1.4 7 38.7+2.3 0.20
Day 3 7 26.4+1.5 7 38.7+1.9 0.07
Day 7 7 21.4+1.4 7 40.3+2.7 0.04
Day 14 6 19.5+0.8 7 36.6+3.2 0.09
Day 28 7 18.7+0.8 7 28.4+1.5 0.05
Creatinine (mg/dL)
Baseline 7 1.2+0.0 7 1.3+0.1 0.59
Day 3 7 1.0+0.0 7 1.4+0.1 0.08
Day 7 7 0.9+0.0 7 1.3+0.1 0.14
Day 14 6 0.9+0.0 7 L2200 0.16
Day 28 7 0.9+0.0 7 1.0+£0.0 0.32
VAD rotational speed (rpm)
Day 0 6 2710.0+23.6 5 2520.0+£22.6 0.06
Day 3 6 2740.0+26.2 7 2660.0+35.4 0.53
Day 7 7 2725.7+21.1 7 2654.3+31.1 0.49
Day 14 6 2736.7+21.2 7 2662.9+29.3 0.48
Day 28 7 2685.7+20.5 7 2625.7+22.7 0.47

Note: Mean +standard error. *Student ¢ test. Baseline is a preoperative measure.

Abbreviations: BUN, blood urea nitrogen; LDH; lactate dehydrogenase; rpm, rotations per minute; VAD,

ventricular assist device.

higher at baseline in patients with a bridge device relative
to their counterparts.

4 | DISCUSSION

We examined several key receptors for endothelial inter-
action and phagocytic capacity of circulating neutrophils
as well as inflammatory cytokines release in response to
HVAD placement for up to 28days in 14 patients with
and without a bridge device. Patients with a bridge device
had lower hemoglobin at baseline which is likely related

to being on IABP or VA-ECMO. Although they required
higher intraoperative PRBC use, postoperative hemo-
globin and PRBC utilization were similar between both
groups.

LDH as a measure of hemolysis did not change from
baseline throughout the study. In an in vitro model with
human blood, we have previously reported overall low
levels of normalized index of hemolysis (NIH) associ-
ated with the HVAD (0.00525+0.00183g/100L) and the
HeartMate 2 (HMII, 0.00583 +0.00182g/100L)."* Similar
low hemolysis level was also reported for HVAD (NIH:
0.0068g/100L) in another in vitro study using bovine
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arterial extracorporeal membrane oxygenation). Comparisons were performed for both groups relative to their respective preoperative (t=0)

baseline value (*p <0.05), and between both groups at each timepoint (¥p <0.05). MPO, myeloperoxidase; PMN, polymorphonuclear.

blood to assess device-induced blood cell damage by
three currently clinical used VADs.'* But the reported
NIH value for the HMII was significantly higher (NIH:

0.0224g/100L) in the same study. Both studies suggested
that HVAD produced relatively low level of hemolysis. The

low hemolysis level from the in vitro studies is consistent
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with our observation that there was no significant increase
in the LDH level in the patients. Although some previous
in vivo work demonstrated high levels of RBC microparti-
cles, which have previously been linked to cell hemolysis,
in patients with VAD even at 3 months postoperatively.'>°
Hemolysis is expected in patients on long-term VAD sup-
port secondary to pump propeller; however, for an overall
clinical benefit, levels of hemolysis did not increase over
time, as we show in this report.

We observed an early elevation in leukocyte count after
HVAD implantation in both groups, with levels return-
ing to baseline earlier in patients without a bridge device.
Such inflammatory changes are expected early after surgi-
cal intervention, especially with the invasive thoracotomy
and coring the left ventricular apex plus a foreign body
(i.e., VAD) remaining in vivo. The immune response reac-
tion after cardiac surgery is expected to include leukocyto-
sis and systemic inflammatory response. Previous reports
showed that lymphocyte count peaked on POD14 after
VAD placement with levels not returning to baseline even
until POD30, while granulocyte percentage peaked on
POD14 and plateaued at lower levels afterward.'! Patients
on VAD also showed an elevation in NLR relative to base-
line within the first 24 h postoperatively followed by nor-
malization or plateau at lower levels around 3-6 months,
with higher NLRs affiliated with increased mortality and
adverse events.”'? Such early rise of leukocyte count was
also observed after HVAD implantation in an animal
model. Tuzun et al. reported that the leukocyte count
increased from a baseline value of 7.2+3.1x10°/mm’
to 15.3+22.3%x10°/mm? at postoperative day one in six
sheep implanted with the HVAD.!” The leukocyte count
returned to the baseline level at postoperative day 30.

In patients with no bridge device, we observed lower
CD62L surface expression by POD3, possibly due to shed-
ding, which subsequently normalized to baseline by as
late as POD14. A similar pattern was observed in PMN
elastase release and in levels of IL6, IL8, and TNF-«a, but
not IL1. However, we observed that neutrophil phagocytic
capacity increased from baseline by POD3 but remained
elevated even until POD28. We did not observe similar
patterns in MPO release and neutrophil activation (i.e.,
elevation in MAC-1 and decline in CD162) over time.
This may be secondary to neutrophil priming to enhance
their phagocytic potential, but not yet to a degree of full
activation as would be indicated by MAC-1 expression or
MPO release. It may also be that fully activated neutro-
phils were cleared through phagocytosis by resident mac-
rophages and dendritic cells.

Our group previously reported increased levels of neu-
trophil activation (i.e., elevation in MAC-1 and decline in
CD62L and CD162) in an in vitro circulation loop using
human blood with a CentriMag pump (Abbott Inc, Chicago,

Organs

IL) over time.'® Using a Couette-type blood-shearing de-
vice, we also showed an augmentation in neutrophil activa-
tion (i.e., elevation in MAC-1 and decline in CD62L but not
CD162) with increasing levels of shear stress after only 0.5s
of exposure.'® Pieper et al. found a similar trend of neutro-
phil activation when they used ovine blood in an in vitro
loop with the CentriMag VAD to evaluate the leukocyte ac-
tivation and damage caused by the pump over a 6-h circula-
tion.?® Their results showed the three pumping conditions
(low flow, standard, and high speed) all caused a signifi-
cant increase in CD45" leukocyte microparticles (LMPs)
compared to the static control, with the most increase seen
under the high-speed condition. They further confirmed
that these LMPs with high CD11b expression were driven
from activated neutrophils. Device-induced neutrophil ac-
tivation indicated by increased LMPs in bovine blood was
also reported by Radley et al. in an in vitro loop benchmark-
ing study of the CentriMag, HMII, and HVAD.' In these
studies, the changes in CD62L and CD162 expression were
not assessed. A decline in CD62L, but not an elevation in
CD11b (part of the MAC-1 complex) on neutrophils after
exposure to 1000s™" shear in a rheometer confirmed that
neutrophils can be activated not only by biomaterials but
also shear stress.”' These in vitro studies indicated that con-
temporary VADs could induce leukocyte activation and it
is possible to observe differences between different pump
designs during in vitro testing that might translate to clini-
cal performance.

A previous in vivo study of patients with HVAD showed
an elevated MAC-1 expression on granulocytes (i.e., gran-
ulocyte activation) even until POD30." Interestingly,
MAC-1 expression was not higher than baseline during
infection episodes. This is consistent with in vitro re-
ports of neutrophil pseudopodia retraction and impaired
phagocytic capacity in response to higher shear stress. *>*
Neutrophil activation and generalized phagocytic capacity
seem to increase in response to MCS for two primary rea-
sons: foreign body presence and the resulting shear stress
due to HVAD propeller rotation. However, this elevation
could often be accompanied by a decline in neutrophil po-
tential to fight off infection. This paradoxical effect may
be related to neutrophil overload and exhaustion, which
may explain the decline in neutrophil phagocytic capac-
ity in vitro after exposure to 1000s™' rheometer-based
shear stress in some but not all experimental conditions.*
Previously, our in vitro study showed that the CentriMag
pump caused an initial increase in neutrophil phagocytic
capacity in the device-assisted circulation at 1h followed
by a subsequent decline for up to 4h in a rotational speed-
dependent manner.'®

We show that in patients without a bridge device, in-
flammatory cytokines (IL6, IL8, and TNF-a, but not IL1)
increased by POD3 and normalize after 2 weeks. Similarly,
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a previous study reported an elevation in TNF-a, IL6, and
PMN elastase throughout the entire 12-week follow-up
period.”* A previous in vitro study showed no change in
IL1a relative to baseline,?! similar to what we currently
show in vivo.

Limitations to this study include the small sample size
and the lack of some blood samples for laboratory assays
at specific timepoints for certain patients. All patients
underwent HVAD placement which is no longer used in
clinical practice. Nevertheless, this study still serves as an
in vivo model which can be used to study leukocyte bio-
logical changes in response to MCS.

5 | CONCLUSION

In patients with no bridge device, we report an elevation
in leukocyte count and neutrophil activation (i.e., reduced
CD62L surface expression) in response to HVAD place-
ment by POD3 which normalizes as late as POD14. This
change is associated with a rise in PMN elastase, IL6, IL8,
and TNF-a, but not MPO or IL1, which may still be ele-
vated 7-14 days postoperatively. This is also accompanied
by a consistent elevation in neutrophil phagocytic capac-
ity from POD3 onward. Similar general patterns were ob-
served in patients on IABP or VA-ECMO prior to HVAD
placement, with higher PMN elastase release and IL6 lev-
els in this patient population compared to those with no
bridge device, which is likely related to MCS use prior to
HVAD implantation.
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