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Chronic heart failure (HF) is a growing health problem, and it is associated with high morbidity and mortality. Left
ventricular assist devices (LVADs) are nowadays an important treatment option for patients with end-stage HF not only
as a bridging tool to heart transplantation but also, as a permanent therapy for end-stage HF (destination therapy). The
use of LVAD is associated with a high risk for bleeding complications and thromboembolic events, including pump
thrombosis and ischemic stroke. Bleeding is the most frequent complication, occurring in 30% to 60% of patients, both
early and late after LVAD implantation. Although the design of LVADs has improved over time, bleeding complications are
still the most common complication and occur very frequently. The introduction of an LVAD results in an altered he-
mostatic balance as a consequence of blood-pump interactions, changes in hemodynamics, acquired coagulation
abnormalities, and the strict need for long-term anticoagulant treatment with oral anticoagulants and antiplatelet
therapy. LVAD patients may experience an acquired coagulopathy, including platelet dysfunction and impaired von
Willebrand factor activity, resulting in acquired von Willebrand syndrome. In this educational manuscript, the epide-
miology, etiology, and pathophysiology of bleeding in patients with LVAD will be discussed. Because hematologist are
frequently consulted in cases of bleeding problems in these individuals in a critical care setting, the observed type of
bleeding complications and management strategies to treat bleeding are also reviewed.

Learning Objectives

• Learn that bleeding is a frequent and severe complication after
implantation of left ventricular assist devices (LVADs)

• Understand that acquired von Willebrand syndrome (AVWS)
is found in nearly all patients with LVAD implants and may
influence bleeding episodes

• Understand that recurrent gastrointestinal bleeding is fre-
quently observed and may be caused by the combination of
angiodysplasia and AVWS

Introduction
In patients admitted to the critical care unit, bleeding is a frequently
encountered complication. Over the years, the causes of bleeding have
changed, and nowadays, many of these bleeding episodes are observed
in patients receiving new devices used to support the circulatory system
or the pulmonary system, including left ventricular assist devices
(LVADs) and extracorporal membrane oxygenation (ECMO). In this
case-based article, the epidemiology, pathophysiology, andmanagement
of bleeding problems that are observed in patients in whom an LVAD
has been implanted to improve cardiac function will be discussed.

Case 1
This is a 57-year-old male who developed cardiac failure owing to
severely reduced left ventricular function after a large anterior

myocardial. Four months after the infarction in 2015, he was
transferred to our cardiology department, and a HeartMate II LVAD
was implanted as a bridge to heart transplantation. Anticoagulation
was initiated according to local protocols, including aspirin and
vitamin K antagonists (acenocoumarol) (Table 1). A week after
LVAD implantation, he developed regular nose bleeds, for which
cautery by the otolaryngologist was performed. One month later,
he was admitted with collapse, dizziness, and melena. During
hospitalization, he developed hypotension and was transmitted to
the intensive care unit (ICU). Endoscopy showed no bleeding
focus in stomach or colon. He received several transfusions, and
anticoagulation was temporarily stopped for a few days and re-
sumed after cessation of bleeding. In the year after LVAD im-
plantation, he was admitted 4 times with hemoglobin levels
between 3.2 and 5.5 mmol/L owing to gastrointestinal (GI) bleeding,
for which transfusion with packed red cells was needed. The bleeding
could not be stopped by local measures because no bleeding focus was
found.

This case illustrates the complicated course of recurrent GI bleeding
in an LVAD recipient. In the course of this patient, the coagulation
laboratory assessments performed were limited to platelet counts,
international normalized ratio (INR), and activated partial throm-
boplastin time. Hematologists were not consulted despite the fre-
quent bleeding episodes that required transfusion. A hematological
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cause (coagulopathy) for the bleeding has not been studied thus far.
Fortunately, no bleeding has occurred in the last years.

Case 2
This concerns a 49-year-old male with severe heart failure (HF) after
an acute myocardial infarction 16 months ago. After the myocardial
infarction, he has been admitted 7 times in the last year with car-
diac decompensation and HF. Seven months ago, he received a
HeartMate 3 LVAD and a CardioMems device, and anticoagulants,
including acenocoumarol and aspirin, were started. Three months
later, hewas admitted with a hemoglobin drop from 6.2 to 3.2mmol/L.
His INR was .4.2 at the time of admission, and acenocoumarol
was temporarily stopped. Subsequently, the INRwas targeted at 1.8 to
2.5 during admission, and he received 5 U packed red cells. In addition,
he underwent endoscopy of the upper and lower GI tract. However,
no bleeding source was found. Finally, aspirin was discontinued, and
he was discharged (Table 1).

Laboratory assessment performed several weeks after admission
revealed a platelet count of 1793 10e9/L (normal 150-370), INR of

2.1, APPT 40 seconds (normal 22-32 seconds), fibrinogen 4.0 g/L
(normal 1.5-3.6 g/L), platelet function analyzer collagen-epinephrin
286 seconds (normal 82-150 seconds), and platelet function
analyzer collagen- adenosine diphosphate 165 seconds (normal
62-130 seconds). factor VIII coagulation activity (FVIII:C) was
1.22 U/mL (normal 0.60-1.40 U/mL), von Willebrand factor
(VWF):antigen (Ag) was 1.57 U/mL (normal 0.60-1.40 U/mL),
VWF:ristocetin cofactor activity (RCo) was 1.14 U/mL (normal
0.60-1.40 U/mL), and VWF:RCo/Ag ratio was 0.7 (normal.0.6).
Multimer pattern was not assessed. Platelet aggregation studies
revealed normal aggregation patterns with ADP, ristocetin, col-
lagen, and arachidonic acid; however, they were weak and
reversible with thrombin. It was concluded that he suffered
from platelet dysfunction, probably related to the LVAD in situ.
Despite the slightly reduced VWF:RCo/Ag ratio (0.7), an ac-
quired von Willebrand syndrome (AVWS), which is based on a
ratio ,0.6, could not be confirmed. No rebleeding occurred
during follow-up without aspirin and on acenocoumarol (INR
target 2.0-3.0), and he is currently on the waiting list for heart
transplantation.

Table 1. Recommendations for the use of anticoagulation and postoperative management

Time course and events Management strategies

Intraoperative period
If intraoperative extracorporeal life support or off-pump implantation is
performed, administration of a reduced dose of heparin may be
considered

Early postoperative period
Direct postoperative Complete reversal of heparin
First 24 h No action required, consider acetylsalicylic acid
Postoperative days 1 and 2 IV heparin or alternative anticoagulation if no evidence of bleeding
Postoperative days 2 and 3 Continue heparin and start warfarin and aspirin (81-325 mg daily) after

removal of chest tubes; the use of LMWH for bridging during long-term
support is recommended

During LVAD support
A postoperative INR target between 2.0 and 3.0 is recommended
Anticoagulation Anticoagulation with warfarin to maintain an INR within a range as

specified by each device’s manufacturer is recommended
Antiplatelet therapy Chronic antiplatelet therapy with aspirin (81-325 mg daily) may be used in

addition to warfarin, and additional antiplatelet therapy may be added
according to the recommendations of specific device manufacturers

Complications
Early postoperative bleeding Urgently evaluate necessity of lowering, discontinuation, and/or reversal

of anticoagulation and antiplatelet medications; in all cases of bleeding,
exploration and treatment of a bleeding site should be considered

Gastrointestinal bleeding Anticoagulation and antiplatelet therapy should be held in the setting of
clinically significant bleeding; anticoagulation should be reversed in the
setting of an elevated INR, and careful monitoring of the devices
parameters is warranted

Neurologic event/deficit Discontinuation or reversal of anticoagulation in the setting of
hemorrhagic stroke is recommended

Hemolysis Hemolysis in the presence of altered pump function should prompt
admission for optimization of anticoagulation and antiplatelet
management and possible pump exchange

Pump thrombosis Heparin, GPIIb/IIIa inhibitors, and thrombolytics, either alone or in
combination, have been proposed as treatment option for pump
thrombosis; however, definitive therapy for pump stoppage is surgical
pump exchange

Cessation of acetylsalicylic acid After resolution of the first bleeding episode, discontinuation of long-term
acetylsalicylic acid should be considered

DOAC The use of novel oral anticoagulants is not recommended

Modified from the 2013 International Society for Heart and Lung Transplantation guideline recommendations and the 2019 European Association for Cardio-Thoracic Surgery
expert consensus on long-term mechanical circulatory support.
DOAC, direct oral anticoagulant; GPIIb/IIIa, glycoprotein IIb/IIIa; INR, international normalized ratio; IV, intravenous; LMWH, lower-molecular weight heparin.
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LVADs
Chronic HF is a rising global epidemic with an increasing incidence.
It is estimated that .35 million people suffer from this disease
worldwide.1,2 Despite the fact that heart transplantation remains the
standard therapy for patients who progress to end-stage HF, only a
limited number of patients eventually receive a donor heart.

Initially, LVADs were developed as a bridge to transplantation for
patients at high risk for mortality on the waiting list for trans-
plantation. However, HF treatment changed dramatically with the
introduction of the first durable mechanical circulatory support
(MCS) device, the HeartMate XVE (Thoratec Corporation, Pleas-
anton, CA), and its approval by the Food and Drug Administration
(FDA) for destination therapy in 2003.3 Since then, the use of
LVADs has become a regular therapy for end-stage HF patients.
Based on large registries, the survival of LVAD patients is now
~80% at 1 year and 70% at 2 years after implantation.4,5

In conjunction with a shortage of donor hearts for transplant and the
increased incidence of HF in the elderly population, nowadays
thousands of LVADs are placed every year in the United States and
Europe.5,6 A number of different circulatory support devices are
currently in use, including axial flow and centrifugal pump devices.
For detailed information on the types of devices, we refer to a
manuscript in the 2018 Hematology American Society of Hema-
tology Education Program.7 Currently, all implanted LVADs are
continuous flow devices; however, the pump mechanism differs
between devices, including axial or centrifugal.5 The HeartMate II
(Abbott Laboratories, Chicago, IL), a continuous flow LVAD with
an axial rotor and mechanical contact bearings, is still the most used
device worldwide.4,8 In 2008, the HeartMate II received FDA ap-
proval for short-termMCS (bridge to transplantation), and in 2010, it
was approved for long-term MCS (as destination therapy).3,4,9 The
second most used devices is the HeartWare Ventricular Assist
Device (HVAD; HeartWare Inc., Framingham, MA), a continuous
flow LVAD with a suspended rotor, which rotates in a passive
magnetic and hydrodynamic bearing that eliminates friction, heat,
and component wear.4,8 The HVAD received its FDA approvals in
2012 and 2017 for short-term and long-term MCS, respectively. The
HeartMate 3 (Abbott Laboratories) is a continuous flow LVAD with
a centrifugal pump containing a fully magnetically levitated rotor.10

It has an intrinsic pulse wave designed to avert stasis within the
pump.11 In 2017 and subsequently, 2018, the HeartMate 3 was
approved for short-term and long-term MCS, respectively. Although
the stroke rates were not different between the HeartMate 3 and the
HeartMate II device, the HeartMate 3 has better outcomes with
respect to the combined end point of disabling stroke or reoperation.12

This difference was mainly owing to the significantly lower rate of
reoperation for pump malfunction in the HeartMate 3 group.

Thromboembolic complications observed in
LVAD patients
In the first years of development, the main complication of LVAD
implantation was thrombosis in the mechanical system, leading to
embolization of clots and cerebral infarction. Therefore, strict antico-
agulant regimens were developed that reduced the risk of thrombotic
complications; however, this increased the risk of bleeding. The devices
that have been developed in recent years, including HeartMate 3 and
HVAD, develop fewer pump thrombosis episodes; however, bleeding
episodes are still a main complication observed in 40% to 60% of these
patients.10,12

Pump thrombosis and cerebral ischemia are the most severe throm-
boembolic complications in LVAD patients, with mortality rates
up to 50%. Because of the increased risk for LVAD failure and
subsequently, life-threatening hemodynamic impairment, car-
diogenic shock, and death, immediate action is required.13 The de-
finitive treatment of pump thrombosis is pump exchange or urgent
transplant if possible.14 However, glycoprotein (GP) inhibitors or
unfractionated heparin could be used as medical therapy for pump
thrombosis in selected cases.13 Lactate dehydrogenase increase is
regarded as an early sign of thrombosis, and it is highly likely to
predict a thrombotic complication, especially within the LVAD
device or the system.15 Fortunately, the risk of pump thrombosis is
very low with the newest LVAD systems.12 Compared with the
HeartMate II, the reported incidence of pump thrombosis is sub-
stantially lower for the HeartMate 3 LVAD.16 Although not directly
compared, the incidence rates of suspected and confirmed pump
thrombosis at 2 years were 1.4% in the HeartMate 3 clinical trial and
6.4% in the HVAD trial.10,16

Both ischemic strokes and (subsequent) intracranial hemorrhages
are neurological events occurring in LVAD patients. The neurologic
event rate in a recent report including .18,000 LVADs was 13% in
axial flow LVADs and 20% in centrifugal flow LVADs at 1-year
post-LVAD implantation.5 In addition, the incidence also varies with
the device implanted, with higher incidence in the HeartWare HVAD
compared with the HeartMate II device.10,17,18 Although less fre-
quently observed compared with other bleeding events, the outcome
after a neurologic event can be devastating. In addition, the risk for a
stroke or transient ischemic attack (TIA) is higher in patients recently
implanted with the centrifugal flow devices compared with the older
devices.5 Furthermore, neurologic events are the leading cause of
death, with 20% of patients having a neurologic event as a primary
cause of death.4,5,9,19 In addition, intracranial hemorrhages is as-
sociated with a higher (up to 5-fold increase) risk of mortality com-
pared with ischemic stroke.20,21

What is the recommended anticoagulant treatment of
LVAD patients?
Current regimens for anticoagulant therapy after LVAD implantation
are based on the 2013 International Society for Heart and Lung
transplantation guidelines reviewed by Muslem et al.22 In addition, a
recent expert consensus on long-term MCS has been published.14 A
summary of the recommendations regarding anticoagulation man-
agement is presented in Table 1. In brief, before LVAD implantation,
normalization of coagulation is required to avoid postoperative
complications, including bleeding, need of transfusion, and right HF.
In addition, intraoperatively full anticoagulation is recommended,
with full reversal and restoration of blood components and co-
agulation factors at the end, except for off-pump implantation or
ECMO support.23 At day 1 after implantation, anticoagulation should
be initiated with unfractionated heparin if there is no evidence of
active bleeding. The target activated partial thromboplastin time is
usually 40 to 50 seconds and can be increased to 50 to 60 seconds on
days 2 to 3 if there is no evidence of bleeding.10 On days 2 to 3 after
surgery, warfarin or another vitamin K antagonist is started and
aimed at a target INR of.2.0 or.2.5, within a range that is specified
by each manufacturer (summarized in ref. 22). Heparin is dis-
continued after a few days only if the INR is within the target range.
Aspirin is started at a dose 81 to 325 mg/d on the day of surgery or on
days 1 to 3 depending on the LVAD device that is implanted. Long-
term anticoagulation with vitamin K antagonist is required for all
LVAD devices, with a device-dependent INR target.22,24 For the
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most frequently implanted devices (HeartMate II, HeartMate 3,
and HVAD), an INR between 2.0 and 3.0 is advised. For smaller
devices, such as the HeartWare CircuLite (HeartWare Inc.,
Framingham, MA; advised INR of 2.5-3.0), MicroMed DeBakey
(MicroMed Technology, Inc., Houston, TX; advised INR 2.5-3.5),
and the Jarvik 2000 (Jarvik Heart Inc., New York, NY; advised INR
2.5-3.5), higher INR levels are advised. Additional antiplatelet
therapy with clopidogrel may be initiated because of the possibility
of thrombosis, shear-induced platelet dysfunction, and hemolysis.
Activation of platelets has been observed in patients with MCS
and may underline the ongoing increased risk of thromboem-
bolic events.25 In the case of subtherapeutic INR, patients can be
treated with additional low-molecular weight heparin temporarily
to reduce the risk of thrombosis.26 The above-mentioned antico-
agulant guidelines are strongly dependent on the LVAD implanted,
and it is recommended to follow the instructions by the manu-
facturer of the implanted device.10

The use of direct oral anticoagulants in LVAD patients is not rec-
ommended because of the increased risk of thromboembolic events.
In a recent small, prospective, randomized, open-label, single-center
study on the use of dabigatran, a direct oral thrombin inhibitor, vs
phenprocoumon after LVAD implantation, a high rate of throm-
boembolic events on dabigatran was observed (4 of 8 patients ex-
perienced thrombosis, of whom 3 had pump thrombosis and 1 had a
TIA) and led to early termination of the trial after inclusion of
16 patients.27 These findings are in line with the RE-ALIGN study, a
randomized, phase 2 study to evaluate dabigatran compared with
warfarin in patients after mechanical heart valve replacement. This
study was also stopped prematurely because of excess bleeding and
thrombotic events in the dabigatran-treated group.28

What kind of bleeding complications occur in
LVAD patients?
Bleeding is the most common complication in LVAD patients, with
an incidence ranging between 20% and 60%, and it is associated
with high morbidity and mortality.29,30 Early bleeding is mainly
surgery related and may be persistent wound bleeding or bleeding
from drains or cardiac tamponade. It is associated with a nearly 20%
increased risk for mortality.31 Late bleeding events are nonsurgical
bleeding events, mainly GI bleeding or epistaxis.32,33 In addition,
patients who experience GI bleeding have a high risk for rebleeding
events, requiring more frequent readmissions, and they develop more
frequent nondevice-related infections (Figure 1).32,34

Bleeding shortly after LVAD implantation
As with other surgical procedures, bleeding may complicate the
implantation of an LVAD. Patients are at high risk of major bleeding
events in the postoperative period, which leads to a surgical re-
exploration in 20% to 30% of the patients.35,36 In a recent retro-
spective study in our center, we observed an early bleeding event in
47% of patients in a cohort of 83 patients after LVAD implantation.31

Another recent single-center study by Angleitner et al37 showed that
14% of patients in their center underwent a surgical revision for
bleeding after LVAD implantation. Patients undergoing a bleeding
revision had significantly reduced survival and increased morbidity
during LVAD support, including stroke. They concluded that an
altered hematological state, including thrombocytopenia and an
increased mechanical disruption of VWF multimers, was the major
mechanism underlying mediastinal bleeding. In addition, bleeding
at the time of revision was diffuse, and in only a minority of the
cases of bleeding, a surgical cause, mainly bleeding from the LVAD

outflow graft anastomosis or thoracic wall, was identified. In addition,
thrombocytopenia was found often in patients before bleeding re-
vision.37 This was also found by our group in a larger number of
patients, in whom platelet counts ,150 3 10e9/L were associated
with a nearly 5-fold increased risk of an early bleeding event.31 In the
large randomized trial by Rogers et al10 that compared the HeartWare
HVAD with a control device, a bleeding rate of 60% was found. In
the HVAD group, 15% of all patients needed reintervention because
of bleeding, and also, 15% needed blood transfusion of $4 packed
cells within 1 week after implantation.10 This emphasizes the need
for close monitoring of the hematological and hemodynamic con-
ditions of the patient during the postoperative readmission at
the ICU.

GI bleeding
GI bleeding is a frequently occurring and concerning complication
in patients supported with an LVAD. In addition, a significant increase
in the event rate of GI bleeding has been observed in patients with a
continuous flow (CF)-LVAD compared with pulsatile devices.38-40 The
pathophysiology remains partly understood, and the treatment is fre-
quently unsuccessful. GI bleeding episodes can occur at any time point
after LVAD implantation, with a mean time to bleeding ranging from 10
to 154 days.38,41 In epidemiological studies, GI bleeding occurs in up to
60% of patients with an LVAD.42,43 In the recent large, randomized,
controlled trial on HeartMate 3, GI bleeds still occurred in 35% of
patients, whichwas similar to the observed bleeding in the control device
groups. This illustrates that, despite differences in device design, GI
bleeding remains a common and important bleeding problem.12 GI
bleeding is the most common cause for hospital readmissions (23% of
the causes of 30-day readmission), and it is associated with morbidity
and increased health care costs.44 The pooled event rate for all-cause
mortality in patients withGI bleeding is 23% (95% confidence interval,
16%-32%). Nonetheless, despite the severe burden for the patients, GI
bleeding does not impact the survival of LVAD patients.38,43,45

GI bleeds are associated with a longer support time, which makes it
one of the most important and recurrent complications in LVAD
patients. In a recently reported large cohort of 526 LVAD patients,
140 (27%) had a GI bleeding event, of whom 34% had recurrent

Figure 1. Hematological complications after LVAD implantation.
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bleeding.45 Bleeding occurred evenly from the upper and lower GI
tracts. The most frequently observed etiology was an arteriovenous
malformation (50 of 72 events) occurring 300 days after the im-
plantation. However, in a large proportion of patients, no bleeding
source could be detected by endoscopy.

Which factors may contribute to bleeding in
these patients?
As mentioned above, the factors that contribute to bleeding are
strongly dependent on the type of bleeding concerned. Postsurgical
bleeding may be related to the preoperative condition of the patients,
the surgical procedure itself, and the initiation of anticoagulant and
antiplatelet therapy. There are various underlying mechanisms that
contribute to the risk of the above-mentioned hematological com-
plications, including device hemocompatibility, GI angiodysplasia,
vascular malformations, and acquired coagulopathies, such as von
Willebrand disease (VWD) or platelet dysfunction.32,46-49 It may
also be owing to the presence of thrombocytopenia and comorbidity,
including renal failure, further impairing platelet function, and
previous need for ECMO support pre-LVAD implantation. This may
represent a subset of patients in a poor condition who require
carefully monitoring during the initial admission at the ICU post-
implantation.31 Also, systemic infections do occur, leading to co-
agulation activation and disseminated intravascular coagulation. An
overview of the factors associated with the risk of bleeding is presented
in Table 2.

What kind of hemostatic abnormalities are found in
these patients?
AVWS
VWF is a multimeric large GP with various domains that have
specific functions (eg, binding of factor VIII, GPIba, and GPIIb/IIIa
on platelets and binding of collagen).50-52 The size of the multimers
strongly determines the hemostatic function of VWF. Ultralarge
VWF multimers have the most procoagulant activity.53 VWF is
mainly synthesized and secreted by endothelial cells, especially at
sites of high shear rate. VWF mediates platelet adhesion and ag-
gregation, thereby forming a platelet plug and achieving hemosta-
sis.52 By being a carrier protein for factor VIII, VWF protects factor
VIII from proteolytic degradation.52,54 Therefore, most patients with
severe VWF deficiency also have low FVIII levels contributing to the
bleeding phenotype.55 The procoagulant activity of VWF is mainly
mediated by the VWF cleaving protease A Disintegrin and Metal-
loprotease with Thrombospondin type 1 repeat 13 (ADAMTS13).56

This metalloprotease has as its only known function the cleavage of
hemostatically very active (ultra-)large molecular multimers into less
prothrombotic smaller multimers. Already in 1958, Heyde57 noted
the clinical association between aortic stenosis, intestinal angio-
dysplasia, and GI bleeding.57 Decades later, this observation was
attributed to the fact that patients with aortic stenosis have an ac-
quired reduced VWF activity because of the lack of high-molecular
weight multimers: AVWS.58 Later, Sadler59 suggested that AVWS
was owing to cleavage of uncoiled VWF, thereby exposing the VWF
cleaving site in the A1 domain by ADAMTS13. The relationship
with angiodysplasia was established by showing that VWF has
antiangiogenic properties.60 Reduction of high molecular multimers
of VWF in the circulation, both inherited or acquired, results in
increased angiogenesis by upregulation of vascular endothelial
growth factor (VEGF) and thereby, VEGF-dependent vascular pro-
liferation and formation of angiodysplasia in the intestinal mucosa.61-63

Because of the hemostatic dysfunction and the occurrence of

angiodysplasia, patients may develop recurrent GI bleeding. The first
description of AVWS in LVAD patients was by Geisen et al,64 who
described LVAD patients with nonsurgical bleeding who had a
qualitatively abnormal VWF. Despite an increase of both VWF:Ag
and VWF:RCo, the ratio VWF:RCo/VWF:Ag was strongly reduced
because of the loss of large VWF multimers, indicative of AVWS.
Because of the high shear stress in LVAD, VWF, which is (under
normal conditions) circulating in a coiled conformation, uncoils,
by which the A1 and A2 domains becomes exposed for cleavage
by ADAMTS13.64-67 The shear stress in LVAD patients is a con-
sequence of the continuous flow pump design and cardiac
conditions.58,65,66 In the laboratory, this can easily be detected by an
abnormal VWF:RCo/VWF:Ag ratio (,0.6). However, because of
HF, endothelial dysfunction, and the presence of shear stress, the
concentration of VWF (VWF:Ag) may even be above the normal
range, which may also be the case for VWF:RCo. Therefore, the
reduced VWF:RCo/VWF:Ag ratio has been hypothesized to be
associated with a strongly decreased hemostatic efficacy of VWF
and subsequently, may lead to bleeding problems. However, an
association has not been found between the level of VWF:Ag or
VWF:RCo and bleeding frequency. This is probably because of the
fact that almost all patients with an LVAD experienced AVWS, yet
only 60% had a bleeding event.4,38 Of importance, a recent study
by Bansal et al68 showed that the HeartMate 3 patients exhibited
significantly greater preservation of the VWF large multimers ratio
than those supported with the HeartMate II device at 90 days after
implantation. The other laboratory values for all VWF assays did
not differ significantly between the devices at 90 days after im-
plantation. In addition, this was the first study to show an asso-
ciation between lower VWF large multimers and risk of bleeding.
Laboratory evaluation of VWF multimers consists of agarose gel
electrophoresis, which shows a loss of the large multimers.69 Also,
a reduced binding of VWF to collagen (measured by VWF:collagen
binding [CB] activity) is present as is a reduced VWF:CB/VWF:Ag
ratio.49,70 The reduced VWF:RCo activity is already observed early
in the postoperative period after LVAD implantation. It persists
during LVAD support and resolves after the LVAD has been
explanted.70-73 In addition, binding of VWF multimers to platelets
also leads to an increased proteolytic cleavage by ADAMTS13.74

The loss of VWF activity occurs in.90% of all LVAD patients and
nearly, if not, all CF-LVAD types.67,70,75

Platelet dysfunction
Thrombocytopenia is frequently observed in cardiac surgery because
of consumption of platelets. On LVAD implantation, platelets are

Table 2. Factors that are associated with bleeding in LVAD patients

Factors

Use of anticoagulant drugs
Unfractionated heparin, low-molecular weight heparin, vitamin K

antagonists
Antiplatelet drugs
Aspirin, clopidogrel

Platelet dysfunction
Thrombocytopenia
Acquired von Willebrand syndrome
Arteriovenous malformations/angiodysplasia
Impaired renal function
Infectious complications (disseminated intravascular coagulation)
ECMO support pre-LVAD implantation
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activated through increased shear stress, hemolysis, and contact
with foreign bodies.76,77 Activated platelets may bind to VWF or
fibrinogen on the surface of the pump that is exposed to blood.
This may lead to platelet aggregation and formation of a platelet plug,
which eventually may grow and lead to occlusion of the device.76

However, platelets dysfunction may increase the risk of bleeding
events in patients supported with an LVAD.48,78-80 Several studies
have shown that platelet aggregation is decreased in the majority of
LVAD patients.48,80

The use of anticoagulant treatment, AVWS, and platelet dysfunction
contribute to the risk for bleeding in LVAD patients and require
different management strategies to prevent and reduce bleeding
complications.

What laboratory diagnostics are helpful in determining
the cause of bleeding?
Screening tests for primary hemostasis function, using PFA-200
(Siemens AG) or Multiplate (Roche Diagnostics International), are
not very informative of the cause of primary hemostasis dysfunction
due to the combined platelet dysfunction, the reduced VWF:RCo
activity, and the (double-)antiplatelet therapy given to these pa-
tients.81 More specific platelet function tests, including platelet
aggregation tests using various agonists, are cumbersome and time
consuming, and they may reveal limited information. Platelet ag-
gregation will be disturbed by thrombocytopenia because of the use
of antiplatelet drugs and the activation of platelets that induce an
acquired storage pool disease.

VWF testing should be performed, including VWF:Ag, VWF:RCo
activity, VWF:CB activity, VWF:RCo/VWF:Ag ratio, and FVIII:C.
In addition, VWFmultimer patterns should be determined by agarose
gel electrophoresis and densitometry to quantify VWF multimers.82

One should be aware that, despite (high) normal VWF:RCo
or VWF:Ag, the functional activity of VWF may be reduced as
can be established by calculating the ratio between VWF:RCo
and VWF:Ag.

Thromboelastometry (ROTEM Tem International, Munich, Ger-
many) or thomboelastography may provide more insight into the
global hemostatic capacity. Studies regarding risk prediction for
bleeding and thrombosis in LVAD patients based on these global
hemostasis tests are limited and so far, have not been successful.83,84

Therefore, we suggest, based on the recent findings of Bansal et al68

in addition to other case series showing that VWF parameters may be
predictive of bleeding, to measure VWF:Ag and VWF:RCo to
calculate the VWF:RCo/VWF:Ag ratio to assess the presence of
AVWS. In addition, INR should be performed to assess whether
vitamin k antagonist reversal is needed.

How do we manage bleeding in patients with LVADs?
Interestingly, despite the fact that nearly all patients with
LVADs develop AVWS, not all of them experience bleeding
complications.69 It has been suggested that there is a 2-hit model
requiring additional abnormalities for arteriovascular malformations
to become symptomatic and result in bleeding. This second hit could
be sepsis, gut hypoxia, or high levels of angiopoietin-2.69 Un-
fortunately, only limited longitudinal studies on the treatment of
bleeding in LVAD patients have been performed. No randomized,
controlled trials have been performed to study the optimal treatment

options in case of bleeding. Desmopressin (DDAVP), which is
frequently used to treat bleeding in VWD, has only sporadically been
reported in LVAD patients. This may be because of the fact that
DDAVP is contraindicated in patients with cardiovascular disease or
because of the fact that it is not useful given the rapid degradation of
the secreted VWF. AVWS can be temporarily treated by the infusion
of plasma-derived VWF or FVIII/VWF concentrate.85,86 It has been
suggested that the lack of high-molecular weight multimers of VWF
is a risk factor for bleeding, although evidence is limited.68,87

However, because of the LVAD in situ, the exogenous VWF will
also be degraded, and it will have a short half-life. Only 1 patient
has been reported who was treated successfully for intractable GI
bleeding for a period of several weeks with pure VWF concentrate
2 to 3 times per week to prevent new bleeding episodes.88 Therefore,
long-term prophylaxis of patients with recurrent bleeding associated
with LVAD-induced AVWS is not yet recommended.

Inhibition of VWF proteolysis by ADAMTS13 may represent
a novel treatment option. An ex vivo study using whole blood
exposed to LVAD-like supraphysiological shear stress revealed
that inhibition of ADAMTS13 by doxycycline decreased VWF
proteolysis and improved VWF function.89 However, this has not
yet been applied in LVAD patients and needs additional clinical
investigations.

In the case of GI bleeding, endoscopy of both the upper and lower GI
tract should be performed, because the locations of GI bleeds are
equally distributed over the lower and upper GI tract.34 Actively
bleeding vascular malformations can be clipped or treated with argon
plasma coagulation. However, in a considerable number of LVAD
patients, no actively angiodysplastic bleeding lesions can be found
on endoscopy. Furthermore, it has been suggested that omega-3
possesses anti-inflammatory and antiangiogenic properties and that it
was associated with significantly lower GI bleeding at 1 year in a
retrospective study.90 Patients receiving 4 g/d omega-3 therapy for
nearly a year had a 1-year GI bleeding free rate of 97% vs 73%,
compared with patients in the control group. Future prospective,
randomized, controlled trials have yet to confirm this observation.

In patients with severe bleeding complications, anticoagulant therapy
should be adjusted or discontinued. Vitamin K antagonists can be
immediately reversed by administration of prothrombincomplex
concentrate.91 Only a very small group of patients has been described
in the literature with permanent cessation of anticoagulation
(vitamin K antagonist) because of recurrent bleeding events after
LVAD implantation. More importantly, all of these patients had
impaired platelet function and AVWS.92 Unfractionated heparin or
low molecular heparin may be temporarily disrupted or in the case of
severe bleeding, counteracted by protamine sulfate; however, as soon
as the bleeding is stopped and controlled, the anticoagulants should
be resumed to prevent thrombotic complications. It has been
shown that patients with GI bleeding are also at higher risk for
thromboembolic events, including pump thrombosis and ische-
mic stroke, because of adjustment or interruption of the antico-
agulant regimen.93 In the case of mucocutaneous bleeding,
tranexamic acid could be added to the treatment (orally 1 g 3 or
4 times daily). The LVAD-associated hemostatic abnormalities,
including platelet dysfunction and thrombocytopenia, can be treated
with platelet transfusion.

Several case series have been reported in which GI bleeding asso-
ciated with angiodysplasia in patients suffering from hereditary
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VWD were treated by antiangiogenic drugs, including octreotide,
thalidomide, and statins.94 Despite the fact that, through the anti-
angiogenic pathway, thalidomide and atorvastatin reduce the rate of
bleeding from arterio venous malformations and the transfusion need
in VWD patients, these have only been used sporadically in LVAD
patients.95 Large prospective, randomized trials should be performed
to define its role in preventing LVAD-associated bleeding compli-
cations. In addition, these agents are not registered for use in LVAD
patients.

Conclusion
LVADs have a major positive impact on the life expectancy and
quality of life of patients with end-stage left ventricular failure.
Despite these improvements, several important complications may
occur after LVAD implantation, including bleeding and thrombo-
embolic events. These bleeding episodes are major complications
occurring in the majority of LVAD patients both immediately after
implantation and in the long term. Acquired coagulopathies are seen
in nearly all LVAD patients. Because not all patients with these
laboratory abnormalities experience a bleeding episode, a definite
association with bleeding events has yet to be established. AVWS is
diagnosed using specific VWF assays; however, it is mainly char-
acterized by a low VWF:RCo/VWF:Ag ratio and lack of high-
molecular weight VWF multimers. Because the bleeding frequency
remains high, despite improvements of LVAD systems, additional
studies are needed on prevention and management of bleeding
complications in these patients.
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