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Abstract
BACKGROUND—Non-surgical bleeding (NSB) is a major complication among heart failure
(HF) patients supported by CF-LVADs. Understanding the hemostatic defects contributing to
NSB after CF-LVAD implantation is crucial for prevention of this adverse event. The aim of this
study was to examine the link between platelet GPIbα ectodomain shedding and NSB in CF-
LVAD recipients and to identify a potential biomarker of NSB.

METHODS—Serial blood samples were collected from thirty five HF patients supported with
CF-LVADs. Platelet function was evaluated by Platelet Function Analyzer 100® and
thromboelastography (TEG). Platelet GPIbα shedding, von Villebrand factor (vWF) antigen and
vWF collagen binding capacity were determined using enzyme-linked immunosorbent assays
(ELISAs). The structural analysis of vWF was performed by gel electrophoresis. These platelet
functional measures with vWF parameters of the patients who experienced NSB between 4 to 32
days after CF-LVAD implantation (bleeder) were analyzed against those without NSB (non-
bleeder). Blood samples from seven healthy individuals were collected to obtain the healthy
reference values for the laboratory assays.

RESULTS—Elevated GPIbα shedding was found to be a preexisting condition in all HF patients
prior to CF-LVAD implantation. Post-operative level of GPIbα shedding increased and remained
elevated in the bleeder group while a consistent decrease was found in the non-bleeder group. A
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receiver operating characteristic (ROC) analysis indicated that the level of GPIbα shedding has a
predictive power of NSB in patients supported with CF-LVADs.

CONCLUSION—Platelet GPIbα ectodomain shedding which attenuates platelet reactivity is
associated with NSB. Plasma GPIbα level may potentially be used to refine bleeding risk
stratification in CF-LVAD patients.
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heart failure; left ventricular assist device; non-surgical bleeding; platelet GPIbα shedding

Introduction
Mechanical circulatory support (MCS) therapy has evolved into a standard therapy for
patients with advanced HF,1,2 either as a destination therapy or a bridge to cardiac
transplantation or a bridge to myocardial recovery.3,4 The number of patients receiving MCS
therapy quadrupled over the last five years.5 Although the recent data suggest that
approximately 90 and 85% of patients supported with CF-LVADs will survive at 6 and 12
months respectively,6,7 right ventricular failure, multi-organ failure, infection, and most
importantly bleeding8–11 remain significant problems for the MCS therapy. The recent
INTERMACS annual report showed that bleeding was the most frequent adverse event.5

The higher prevalence of bleeding in patients with CF-LVADs was reported by several
groups, compared to bleeding in patients supported with the HeartMate XVE pulsatile
LVAD.10,12 Other studies found that almost all patients with CF-LVADs were diagnosed
with acquired von Willebrand syndrome with significant loss of high molecular weight von
Willebrand Factor (HMW-vWF) multimers.13,14 Impaired platelet aggregation was
suggested as a cause of bleeding in patients with CF-LVADs.15 Altered primary hemostasis
is a concern because of patients’ medication regimens that include platelet inhibitors and
anticoagulation.14 The interaction of platelets with vWF initiates primary hemostasis.
Therefore, the defect of either platelet function or vWF could result in impaired primary
hemostasis. The impaired platelet aggregation in LVAD recipients could be caused by either
dysfunctional platelets or plasma coagulation factors of patients or both.15

CF-LVADs are made of artificial biomaterials and employ a high speed rotating impeller to
draw blood from the left ventricle and to pump it to the aorta. Non-physiological high shear
stresses exist in some region within these devices.16 Exposure of blood to elevated shear
stresses can not only result in fragmentation of HMW-vWF,17 but also cause shear-induced
platelet activation and receptor shedding.18,19 Platelet receptor shedding has been thought to
be a key mechanism for platelet dysfunction.20 We examined the platelet GPIbα shedding in
serially collected blood samples from patients supported with two CF-LVADs for their
prospective usefulness in identifying NSB in patients.

Methods
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.

Patients
From 2008 to 2012, sixty two HF patients were implanted with LVADs either as a bridge to
transplant (94%) or destination therapy (6%) at the University of Maryland Medical Center.
Thirty five patients were enrolled in this study and were implanted with the HeartMate II
CF-LVAD (n = 21) or the Jarvik 2000 CF-LVAD (n = 13). Among the thirty five patients,
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four patients received the Levitronix CentriMag for right ventricular support along with
either the HeartMate II (n = 2) or the Jarvik 2000 (n = 2), one patient was implanted twice
with the Jarvik 2000 CF-LVAD and one patient was initially implanted with a HeartMate II
LVAD which was replaced with another HeartMate II CF-LVAD and followed by a Jarvik
2000 LVAD.

NSB in these patients was defined as any major bleeding requiring intervention and/or
packed red blood cell transfusion after CF-LVAD implantation without an identified
surgical source. NSB was identified with the evidence of guaiac-positive stool, melena,
hematochezia, hemothorax not requiring re-operation or epistaxis. The gastrointestinal
bleeding was identified by an endoscopic procedure that provides visualization of the upper
part of the gastrointestinal tract up to the duodenum. It does not require an incision into one
of the major body cavities and does not require any significant recovery after this procedure.

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, and then the goal was aimed to have an anti-Xa activity level of 0.1–0.15 U/mL. This
was subsequently converted to warfarin with an international normalized ratio (INR) goal
from 1.8 to 2.3 for the HeartMate II, and 2 to 3 for the Jarvik 2000. Antiplatelet agents were
titrated using the 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 red blood cell (RBC) deformability in the hope of mitigating shear-induced
hemolysis.

Sample collection
EDTA anticoagulated whole blood samples were collected from the patients before CF-
LVAD implant surgery (baseline) and multiple time point after CF-LVAD implantation up
to 32 days. Microparticle free plasma samples from the HF patients and 7 healthy volunteers
were prepared by centrifugation at 1500×g for 15 min at room temperature followed by
microcentrifuge at 20,000×g for 30 min at 4°C. Then the plasma samples were stored at
−80°C for further analysis. Plasma samples from healthy donors were analyzed to obtain
normal values for laboratory assays.

Platelet Function Test
The platelet function test was performed by using the PFA-100. The closure time (CT) for
the collagen/ADP (CADP) or collagen/epinephrine (CEPI) cartridge, which is dependent on
platelet function, plasma von Willebrand Factor level, platelet number, and hematocrit (to
some extent), was used to evaluate platelet dysfunction. We also used thromboelastography
(TEG) to assess the platelet function. The TEG-maximum amplitude (TEG-MA), kinetic
time (TEG-KT) and angle (TEG-Angle) were analyzed.

Measurement of plasma GPIbα
The level of platelet GPIbα shedding was determined by a newly developed ELISA. The
presence of residual platelets and platelet vesicles may give a false high concentration of
plasma GPIbα.21 To avoid the interference of platelet microparticles, the plasma GPIbα was
determined using microparticle-free plasma. Two monoclonal antibodies were used to detect
45-kDa extracellular fragment of GPIbα. Nunc MaxiSorp® flat-bottom 96 well plate (Nunc,
Rochester, NY) were coated with 0.75 μg/mL monoclonal anti-GPIbα antibody (Abcam,
Cambridge, MA) in 1×PBS buffer overnight at 4°C. Wells were washed and blocked with
1% (v/v) BSA. Human recombinant GPIbα ectodomain protein (R&D Systems, Inc.,
Minneapolis, MN) was used to generate a standard curve. Fifty microliters of plasma was

Hu et al. Page 3

J Heart Lung Transplant. Author manuscript; available in PMC 2015 January 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



added to the coated plate for 2 hours at room temperature. After washing, biotinylated
monoclonal antibody (clone 486805, R&D Systems, Inc., Minneapolis, MN) was added at
0.75 μg/mL and followed by incubating with streptavidin peroxidase (Pierce, Rockford, IL).
The concentration of soluble GPIbα was determined by incubating with
tetramethylbenzidine (TMB) (Pierce, Rockford, IL) as substrate, and the absorbance at 450
nm was measured using a spectrophotometer (SpectraMax Plus384 Microplate Reader,
Molecular Device, Sunnyvale, CA).

Measurement of vWF Parameters
Out of 35 HF patients enrolled in the study, vWF parameters were measured only for 24
patients (15 bleeders and 9 non-bleeders) because there was not a sufficient volume of
plasma from other patients. Plasma vWF antigen and vWF collagen binding capacity were
determined by ELISA using commercially available kits [REAADS® vWF Antigen Test Kit
(cat no. 034-001) and Collagen Binding Assay Kit (cat no. 11160) from Corgenix, Inc.,
Broomfield, CO]. Electrophoresis with SDS-agarose gel (0.6%) was used to display VWF
multimers. The vWF multimers were detected by western blot with polyclonal rabbit anti-
human-vWF-horseradish peroxidase antibody (Dako, Glostrup, Denmark) and visualized
using ECL western blotting detection reagents (Amersham Life Science, NJ).

Data Analysis
Data are presented as mean ± SE unless otherwise indicated for all serial measurements.
Statistical analysis was done using SPSS statistical software (Statistical Package for Social
Sciences for Windows, release 10.0; SPSS Inc., Chicago, IL, USA). Statistical significance
was assigned at p<0.05.

To describe an overall pattern of change in repeated measurements of plasma GPIbα and
other platelet function tests over time, linear mixed effect models were built using penalized
splines to discern the trend of the data. The log (natural) transformed data were used in the
model generation. To investigate whether or not the plasma GPIbα can predict NSB in the
future 7 days, a receiver operating characteristic (ROC) curve was constructed based on the
approach of Liu et al.22,23 The summary statistics of the area under the ROC curve (AUC)
was used to evaluate the predictive power of the plasma GPIbα. In this analysis, the
generated linear mixed model was used to estimate the predicted probabilities of bleeding
complication firstly and these estimated probabilities were then used to construct the ROC
curve. Since each patient has multiple measurements, the observations within a given
subject will no longer be independent. The intra-subject correlation and variation were
introduced for the ROC generation and AUC evaluation.

Results
NSB and demography

Twenty two patients experienced at least one episode of NSB between 4 to 32 days during
CF-LVAD support (bleeder group). Comparative analyses of demographic and clinical
characteristics of the patients in the bleeder group and those who did not experience NSB
(non-bleeder group) before CF-LVAD implantation were summarized in Table 1. There
were no significant differences in these characteristics in the two groups. Demographic
information of young healthy volunteers without any cardiac complications is also presented
in Table 1 only to show the reference values.

A total of 30 bleeding episodes mostly from gastrointestinal tract (GI) were recognized in 22
patients during the 32-day study period; 1 patient had 4 episodes, 5 patients had 2 episodes
and 16 patients had 1 episode of NSB after CF-LVAD implantation. The median time of the
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first NSB episode was 15 days and varied from 4 to 32 days. In the bleeder group, there
were 14 patients supported with the HeartMate II and 8 patients with the Jarvik 2000. All the
patients were transfused with either RBCs or fresh frozen plasma or platelets. Anti-
coagulation regimen at the time of bleeding was clinically optimized individually for each
patient. No thromboembolic events occurred.

Laboratory hematology and blood chemistry
The comparison of routine laboratory hematologic and blood chemistry tests between the
non-bleeder and bleeder groups before and after CF-LVAD implantation is summarized in
Table 2. There were no significant differences in hematology and blood chemistry
parameters between the non-bleeder and bleeder groups before LVAD implantation.
Erythrocytes, hemoglobin, hematocrit and bilirubin (total and direct) significantly decreased
after LAVD implantation in both the groups. Blood urea nitrogen (BUN) and INR increased
after implantation in both the groups. The increase in BUN was more prominent in the
bleeder group. Creatinine decreased significantly in the bleeder group after CF-LVAD
implantation. There were no significant differences in the other tests between the two
groups.

Platelet Function Tests
The platelet counts of the patients in the bleeder and non-bleeder groups are shown in Figure
1A. The platelet count dropped initially after CF-LVAD implantation and gradually returned
to the baseline level after two weeks. The mean CTs for the CADP and CEPI cartridges
before implantation were slightly higher than the normal range. The elevated CT for the
CEPI cartridge might be related to intake of aspirin by 15 patients before implantation. The
mean CTs for the CADP and CEPI cartridges in both the bleeder and non-bleeder groups
increased immediately after implantation and remained at the elevated levels during CF-
LVAD support (Figure 1B and 1C). These elevations were associated with the
anticoagulation treatment. There was no significant difference in the severity of the primary
hemostatic defect indicated by the PFA tests between the non-bleeder and bleeder groups.

The thromboelastogram data (TEG-MA, TEG-K Time and TEG-Angle) between the bleeder
and non-bleeder groups are shown in Figure 1D–1F. The mean values of the TEG-MA and
TEG-K times of the two groups were in the normal range between 50 and 70 and between 1
and 3 min, respectively. To compare the TEG-MA (platelet aggregation) level between the
bleeder and non-bleeder groups, linear mixed effect models for the TEG-MA data of the two
groups were built using penalized splines. The fitted line for the TEG-MA data was found to
be a piecewise liner model with knots at day 3, 7, 14, 21 and 28 for both the bleeder and
non-bleeder groups, respectively (Figure 1D). Although the mean value of the TEG-MA of
the bleeder group is lower than that of the non-bleeder group, there was no significant
difference between the two groups (P = 0.382). The TEG-K time and TEG angle were
almost the same between the two groups throughout the study period (Figure 1E and 1F).

Platelet GPIbα ectodomain shedding
The level of platelet GPIbα shedding in the reference group was rarely detectable using the
custom ELISA. However, the patients from both the non-bleeder and bleeder groups
exhibited much higher levels of GPIbα shedding in their baseline blood samples. The mean
values of plasma GPIbα were 10.82 ± 3.07 ng/mL and 34.45 ± 15.14 ng/mL for the non-
bleeder and bleeder groups, respectively, indicating that platelet GPIbα shedding was a
preexisting condition in all the HF patients in this study (Figure 2A). In particular, the
baseline plasma GPIbα in three patients from the bleeder group exceeded 100 ng/mL.
Although GPIbα shedding was more pronounced in the bleeder group compared with that in
the non-bleeder group before implantation, there was no significant difference (p=0.2964)
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between the two groups. After excluding the three patients with extremely high plasma
GPIbα in the bleeder group, the bleeder and non-bleeder groups had almost the same value
of the baseline plasma GPIbα (10.39±3.21 ng/mL vs. 10.82±3.07 ng/mL, p=0.9306).

The level of plasma GPIbα decreased in the non-bleeder group after implantation, but
increased at the 1st and 2nd weeks in the bleeder group. One patient in the bleeder group had
a consistently high level of plasma GPIbα (>100 ng/mL). To compare the levels of plasma
GPIbα between the non-bleeder and bleeder groups, a liner mixed effect model was utilized
to discern the trend of the curve using penalized splines. The fitted lines of the plasma
GPIbα is a linear model for the non-bleeder group and is a linear model with both linear and
quadratic terms for the bleeder group. The test of the difference between the two fitted lines
is statistically significant at the level of 0.05 (Figure 2B). We noticed more than 5-fold
increase in the plasma GPIbα in the bleeder group compared to the non-bleeder group
(45.15±8.77 vs. 8.46±2.66 ng/mL, p<0.001 in Students t-test) at 5th week after implantation
even after excluding one patient with extremely high plasma GPIbα.

Estimation of ROC Curves for Repeated Measures Design
The fitted ROC curve for the plasma GPIbα is shown in Figure 3. The estimated AUC is
0.873 (95% CI: 0.732 – 1.000). This statistic indicates that if we randomly select a patient
who is bleeding and a patient who is not bleeding on some specific days, the probability of
bleeding (as predicted by the measured plasma GPIbα while controlling patient
characteristics) being greater for the bleeding patient than for the non-bleeding patient is
0.873. To test whether the AUC is significantly different from 0.5, a t-statistic of 5.18 was
obtained (using the estimated standard error of 0.072 from 300 replicates with
bootstrapping), which yields a p-value of less than 0.0001, significant at a type I error rate of
5%. This means that the discriminating power of the bio-marker of the predicted probability
for bleeding by the GPIbα measurement from the repeated measures model is significantly
larger than that of chance alone. Thus the measured plasma GPIbα as a potential biomarker
has a predictive power for NSB.

vWF analysis
As shown in Figure 4A and 4B, there was a reduction or absence of HMW-vWF multimers
in the western blots after CF-LVAD implantation for both the bleeder and non-bleeder
groups. These results, consistent with the previous observation13, suggested that the loss of
HMW-vWF could not well explain the bleeding complication associated with CF-LVAD
implantation. To compare vWF:Ag, vWF:CB and vWF:CB/vWF:Ag levels between the
bleeder and non-bleeder groups, liner mixed effect models were generated (Figure 4C–4E).
The fitted line for vWF:Ag was found to be a piecewise linear model with knots at day 7 and
14 for the bleeder group and with a knot at day 7 for the non-bleeder group, respectively.
The same piecewise linear model was found for vWF:CB/vWF:Ag with knots at day 7,14
and 21 for both the bleeder and non-bleeder groups. A linear model without knots was found
for vWF:CB for both the bleeder and non-bleeder groups. Although the mean values of
vWF:Ag and vWF:CB in the bleeder group were higher than the non-bleeder group at the
end of the study period, there were no significant differences between the two groups (P
>0.05).

Discussion
Previously, NSB was not recognized as a significant adverse event of postoperative
morbidity in the REMATCH trial of the pulsatile LVAD.24–26 However, CF-LVADs have
been associated with an increased incidence of NSB especially in the GI tract.11,27 Several
possible explanations have been offered to explain the increased incidence of NSB
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associated with CF-LVADs.12,27,28–33 The possible mechanism of GI bleeding in patients
with CF-LVADs is suggested to be the acquired von Willebrand disease which is manifested
as a significant loss of HMW-vWF. Other studies suggested that the left ventricle of patients
with CF-LVADs is relatively decompressed with minimal opening of the aortic valve,
creating flow patterns similar to those observed with aortic stenosis, a condition that has
been associated with GI bleeding.11,27,34–38 Primary hemostasis is initiated by surface-
bound vWF which tethers platelets to a damaged vascular surface via the platelet GPIb-V-IX
complex.39 Thus, the abnormalities of either platelet or vWF physiology could result in
impaired primary hemostasis.

We examined the possible link between the platelet GPIbα shedding and NSB in patients
with the two CF-LVADs. Platelet GPIbα is expressed as the ligand-binding subunit of the
platelet GPIb-IX-V complex with vWF. The interaction produces transmembrane signaling
and platelet activation. Platelet GPIbα shedding can release this ectodomain into the plasma
pool as a soluble form. Since the loss of GPIbα molecules will impair receptor binding sites
for vWF, GPIbα shedding potentially regulates GPIbα-dependent platelet function during
thrombus formation.20,40 Circulating soluble GPIbα may also act as a potential inhibitor of
platelet adhesion and aggregation to the injured vessel wall. An earlier study reported that
the increased plasma GPIbα level is associated with the decreased ristocetin-induced platelet
aggregation and results in the increase of bleeding risk.18 In the present study, Spearman
rank correlation test did not established any significant association of GPIbα shedding with
vWF parameters in either the non-bleeder group (ρ = 0.1548, p = 0.4503 for vWF:Ag and ρ
= 0.3618, p = 0.0823 for vWF:CB) or bleeder group (ρ = −0.1159, p = 0.5345 for vWF:Ag
and ρ = 0.2795, p = 0.1348).

Our results demonstrated that the GPIbα shedding was rarely detectable in the healthy
subjects, but elevated significantly in all the HF patients. The results provide the first
evidence that the GPIbα shedding is related to this advanced form of heart disease. This pre-
existing GP1bα shedding together with CF-LVAD induced GPIbα elevation and acquired
vWD may predispose the patient to bleeding complications. Although the difference in
GPIbα shedding between the non-bleeder and bleeder groups before CF-LVAD
implantation was not statistically significant, the GPIbα shedding exhibited different trends
in the two groups after implantation. The level of GPIbα shedding decreased after the CF-
LVAD implantation in the non-bleeder group while elevated further in the bleeder group in
the first two weeks after implantation. The trends were statistically different although there
were large variations in the level of GPIbα shedding in both the groups. This significantly
high extent of proteolysis of GPIbα in the bleeder group might result in acquired platelet
dysfunction and is associated with NSB during CF-LVAD support and may be a potential
diagnostic biomarker for predicting NSB in patients with CF-LVADs. This observation also
suggested that the response of platelets of the patients in the bleeder group to CF-LVAD
support was different from that in the non-bleeder group.

We further verified the predictability of the measured GPIbα level for bleeding using the
method designed for ROC analysis for the data from a repeated measures design. This
approach has several advantages, including reducing the possible bias from one snapshot of
data collected from each subject and providing the opportunity to analyze the intra-patient
variation as well as the change over time.23 Being able to take these advantages is important
because 6 patients in the bleeder group had developed recurrent NSB with 2 to 4 episodes.
Based on this statistical analysis, the estimated AUC from the ROC curve of the measured
GPIbα is 0.873 (95% CI: 0.732 ~ 1.000). According to the common statistical standard for
the AUC, the level of plasma GPIbα would be a good biomarker as a diagnostic test for
NSB in patients with CF-LVADs. In conclusion, this study provide first evidence that the
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platelet GPIbα ectodomain shedding which attenuates platelet reactivity is associated with
NSB in patients supported with the current CF-LVADs.

Study limitation
This is a single-center study of a small number of patients who were screened for GPIBα
shedding and NSB. Not all LVAD-supported patients were enrolled for this study. A larger
multicenter study of CF-LVAD patients may be needed for accurate determination of cutoff
value of plasma GPIbα for the diagnostic sensitivity and specificity of NSB and should be
validated before this assay is marketed for clinical practice. The effects of antiplatelet drugs
on GPIbα shedding may need to be explored.
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Table 1

Demographic and baseline clinical characteristics of HF patients before LVAD implantation

Characteristics Healthy volunteers (n =
7)

Pre-operative HF patients (n = 35)

Non-bleeder group (n =
13) Bleeder group (n = 22)

Demography

 Age in years, median (range) 26 (23 – 31) 62 (44 – 68) 61 (40 – 82)

 Sex (% male) 85.7 92.3 95.5

 Height in meter, median (range) 1.80 (1.56 – 1.84) 1.75 (1.68 – 1.85) 1.76 (1.68 – 1.84)

 Weight in kilograms, median (range) 89.45 (62.30 – 107.05) 94.40 (63.50 – 116.40) 97.56 (63.80 – 115.96)

 Body mass index (kg/m2), median (range) 27.66 (24.56 – 32.91) 28.96 (19.47 – 39.35) 30.93 (19.05 – 39.01)

 History of smoking

  Smokers (%) 14.29 69.23 72.73

  Non-smokers (%) 85.71 30.77 27.27

 History of alcoholism

  Alcoholic (%) 0 76.92 77.27

  Non-alcoholic (%) 100 23.08 22.73

Vital signs

 Systolic blood pressure (mmHg), mean ± SD 126.29 ± 13.90 103.11 ± 19.53 108.6 ± 9.86

 Diastolic blood pressure (mmHg), mean ± SD 74.86 ± 11.94 62.22 ± 13.39 60.86 ± 11.99

Past medical history

 Heart failure (%) 0 100 100

 Diabetes mellitus (%) 0 76.92 77.27

 Hypertension (%) 0 61.54 63.64

Etiology of heart disease

 Ischemic cardiomyopathy (%) 0 53.85 54.55

 Non-ischemic cardiomyopathy (%) 0 46.15 45.45

Echocardiographic parameters

 Left ventricular end diastolic diameter (mm), mean ±
SD

– 63.70 ± 10.40 60.77 ±10.75

 Left ventricular ejection fraction, (%),mean ± SD – 15.00 ± 2.90 14.62 ± 1.39

Demographic and clinical parameters of non-bleeder versus bleeder groups of HF patients were statistically compared by Mann-Whitney ‘U’ test

(for median values with range), χ2-test (for results presented as percentages) and Student’s t-test as applicable.

*
p<0.05 is considered significant.
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