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INTRODUCTION

Continuous-flow (CF) left ventricular assist de-
vice (LVAD) therapy for patients with advanced
heart failure continues to increase both as a
bridge to transplant (BTT) and as destination
therapy (DT) for those with contraindications to
heart transplant. Recent analysis of the Inter-
agency Registry for Mechanically Assisted Circu-
latory Support (INTERMACS) showed that, of the
more than 20,000 implants of LVADs that have
been reported to the registry since 2006, most
are CF devices.1 CF LVADs increase bleeding
risk by activating the coagulation pathway
because of imperfect hemocompatibility and by

activating circulating platelets because of supra-
physiologic shear stress created by the impeller.
As a result, patients are committed to lifelong an-
tiplatelet and antithrombotic therapy, further
increasing bleeding risk. Nonsurgical bleeding,
mainly from the gastrointestinal (GI) tract, com-
plicates LVAD therapy with significant morbidity.
LVAD-related GI bleeding (GIB) is presently
defined by INTERMACS as clinical evidence of
GIB, including melena, hematochezia, hematem-
esis, or rectal bleeding occurring greater than
7 days postimplantation and requiring transfu-
sion of 1 or more units of packed red blood cells
(PRBCs).2
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KEY POINTS

� Gastrointestinal bleeding is the most common complication following continuous-flow left ventric-
ular assist device (LVAD) placement.

� Causes underlying LVAD-related gastrointestinal bleeding are multifactorial, including acquired von
Willebrand syndrome and abnormal angiogenesis.

� Management of gastrointestinal bleeding requires a multidisciplinary approach incorporating de-
vice manipulation, endoscopic evaluation, and pharmacologic therapy.

� Further studies on the impact of continuous-flow physiology are needed to minimize the morbidity
associated with LVAD-related bleeding.
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EPIDEMIOLOGY

Bleeding risk caused by LVAD therapy has
increased compared with the first-generation pul-
satile devices. Current CF LVADs are associated
with a 3-fold higher risk for GIB compared with pul-
satile LVADs.3 GIB affects 15% to 30% of patients
with an LVAD and 40% of those who have had GIB
have a recurrence.4 The cumulative risk of GIB has
been reported as 21%, 27%, and 31% at 1, 3, and
5 years, respectively.5 A meta-analysis of 1839
LVAD patients found a 23% pooled prevalence
of GIB.6 GIB also accounts for approximately
one-third of all hospital readmissions after LVAD
implantation7 and is associated with extended
hospital stays.8 Those admitted for an LVAD-
related GIB often require an average of 2 to 4 units
of PRBCs per admission,9 which can subse-
quently affect the chances of a successful
heart transplant because of sensitization.10 Pa-
tients with poor global outcomes, defined as a
composite of death, poor quality of life, recurrent
heart failure hospitalizations, or thromboembolic
complications such as stroke, were more likely to
have higher rates of GIB over the first year after
LVAD implantation.11 In smaller analyses, GIB

has been associated with increased risks for de-
vice thrombosis and increased mortality.4,12

RISK FACTORS

Numerous risk factors have been reported to be
associated with LVAD-related GIB. One consis-
tent risk factor across all studies is older age.
An analysis of the Healthcare Cost and Utiliza-
tion Project – Nationwide Inpatient Sample
database found that LVAD patients more than
65 years of age had an adjusted odds of GIB
that was 20.5 times greater than those less
than 65 years of age.3 An analysis of more than
900 HeartMate II LVAD patients implanted as
both BTT and DT found that age greater than
65 years was associated with an increased risk
of bleeding.13 Smaller cohort studies have also
shown that older patients are more likely to
have GIB. A single-center analysis of 214 pa-
tients who received a CF LVAD found that
those patients who experienced GIB were older
than those who did not (60.5 vs 55 years,
P 5 .003).14 An analysis of 1149 CF-LVAD pa-
tients across multiple centers found that survival
free of GIB at 1 year was lower in patients more
than 70 years of age compared with younger
counterparts (58% vs 69%, P<.01).15 Moreover,
recurrent GIB has been seen more commonly
in older patients.16

History of GIB before LVAD implantation has
been implicated as a risk factor for LVAD-
related GIB, albeit inconsistently. A retrospective
analysis of 101 patients comprising predomi-
nantly patients implanted with a HeartMate II as
DT found that a previous history of GIB was an
independent predictor (odds ratio [OR], 22.7;
95% confidence interval [CI], 2.2–228.6;
P 5 .008).16 However, a separate meta-analysis
of CF-LVAD patients found that a prior history
of GIB was not a significant risk factor (OR,
2.22; 95% CI, 0.83–5.96).6

Diminished pulsatility in CF devices has also
been hypothesized as a significant risk factor for
GIB. In 2009, a retrospective review comparing
pulsatile flow versus CF LVADs found that the
GIB event rate for CF-LVAD recipients was nearly
10 times higher.17 A retrospective analysis of all
HeartMate II LVAD patients used the pulsatility in-
dex (PI), calculated as the difference between
maximum flow and minimum flow divided by the
average flow over a 15-second interval multiplied
by 10, to evaluate its effect on GIB. Lower PI and
older age (64 vs 57 years; P 5 .004) were associ-
ated with GIB in this cohort.18 In contrast, a
different study found no differences in LVAD
speed or PI between those with and without GIB.16

Abbreviations

ADAMTS-13 A disintegrin and
metalloproteinase with a
thrombospondin type 1
motif, member 13

AVM Arteriovenous malformation
AVWS Acquired von Willebrand

syndrome
BTT Bridge to transplant
CF LVAD Continuous-flow left

ventricular assist device
cGMP Cyclic guanosine

monophosphate
DT Destination therapy
GIB Gastrointestinal bleeding
HMvWF High-molecular-weight

multimers of von
Willebrand factor

INR International Normalized
Ratio

INTERMACS Interagency Registry for
Mechanically Assisted
Circulatory Support

PRBCs Packed red blood cells
TRACE The Study of Reduced Anti-

coagulation/Anti-platelet
Therapy in Patients with the
HeartMate II LVAS

VEGF Vascular endothelial growth
factor

VKA Vitamin K antagonist
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