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Abstract

Background: Patients implanted with left ventricular assist devices 
(LVAD) carry an increased risk of gastrointestinal bleeding (GIB), 
estimated at 25% in most studies. Significant efforts are employed 
in localizing and stopping the source of bleeding, but the rates of 
repeat hospitalization for GIB remain surprisingly high. Given the 
increasing incidence of LVAD-dependent end-stage heart failure and 
the excessive costs associated with repetitive endoscopic investiga-
tions, risk factors associated with re-bleeding need to be determined. 
The aim of our study was to investigate clinical predictors associ-
ated with repeat hospitalizations for GIB in patients implanted with 
a LVAD.

Methods: We conducted a retrospective cohort using the prospec-
tively assembled ventricular assist device database at the University 
of Alabama at Birmingham. We identified all end-stage heart failure 
patients who were implanted with a continuous-flow (CF) LVAD be-
tween Jan 1, 2009 and Dec 31, 2013. We excluded pulsatile devices, 
biventricular assist devices (BiVADs), right ventricular assist devices 
(RVADs), and patients under 19 years of age.

Results: There were 102 patients implanted with a CF-LVAD within 
the specified time period. With an average follow-up of 127 weeks, 
32 (31.4%) patients developed GIB requiring 79 separate hospitali-
zations. Average time from LVAD implantation to first bleed was 
343 days. The re-bleeding rate requiring readmission was 56.3% in 
those admitted with GIB, with eight (25%) of the patients necessitat-
ing multiple readmissions. The average hospital stay for a primary 
diagnosis of GIB was 9.45 days. Totally, 68 (86%) patients required 
endoscopic evaluation during their hospitalization, with 35 (44%) 
necessitating multiple procedures during the same admission. The 

average time to first endoscopy was 2.5 days with a median of 2 
days. Patients receiving early endoscopy (< 48 h from admission) 
were 57% less likely to require future readmission for GIB com-
pared to patients undergoing late endoscopy (> 48 h) (OR: 0.43, CI: 
0.19 - 0.9). Other factors associated with repeat admissions for GIB 
included indication for LVAD (bridge to transplant had OR: 0.07, CI: 
0.02 - 0.27), male gender (OR: 10.4, CI: 1.8 - 59), length of initial 
hospital stay (OR: 0.83, CI: 0.71 - 0.97), and INR on admission (OR: 
3.6, CI: 1.46 - 8.8). Although not statistically significant, patients 
undergoing subsequent endoscopies during a single admission were 
84% less likely to develop re-bleeding in the future (OR: 0.158, CI: 
0.025 - 1.02).

Conclusions: GIB in LVAD patients is a significant problem with 
high rates of readmission despite extensive endoscopic investiga-
tions and anticoagulant adjustments. Our experience revealed that 
early endoscopy, longer initial hospital stay, and better INR control 
were all associated with decreased rates of readmission for GIB in 
this population. These modifiable factors should be emphasized and 
addressed in the future to reduce the burdens associated with repeated 
hospitalizations.
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Introduction

There are an estimated 5.7 million patients suffering from con-
gestive heart failure in the United States [1]. Due to annual 
increases in this disease, therapies aimed at improving patient 
burden are regularly being developed and modified. Therapies 
range from intravenous inotropic medications (milrinone, dob-
utamine) to implantable devices such as right ventricular assist 
device (RVAD), biventricular assist device (BiVAD), and left 
ventricular assist devices (LVAD). The benefit of ventricular 
assist device (VAD) is to provide continuous inotropic support 
capable of delivering adequate end-organ perfusion in patients 
with end stage heart failure. LVADs can be implanted as desti-
nation therapy in patients with end-stage heart failure not suit-
able for heart transplant or as a bridge to transplant. Over the 
past decade, the utilization of LVADs has markedly increased. 
Per the sixth INTERMACS annual report, an estimated 9,372 
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LVADs were implanted between June 2006 and December [2]. 
The primary reason for this rise is related to the growing use 
of advanced life-sustaining measures in all types of cardiac 
disease coupled with the persistently limited number of car-
diac organs available for transplant. In short, more patients are 
surviving and living longer with significant heart disease than 
ever before.

There are currently two main types of LVADs: pulsatile 
and non-pulsatile, or continuous-flow LVADs. A study done 
at 38 centers comparing pulsatile LVADs to continuous-flow 
LVADs showed that continuous-flow LVADs have a significant 
reduction in risk of stroke and pump thrombosis as well as a 
2-year survival benefit [3]. Because of these advantages, con-
tinuous-flow LVADs have all but replaced pulsatile-LVADs 
over the last decade. The switch to a continuous-flow device 
has not been all positive, with one marked disadvantage being 
the significant increased rate of gastrointestinal bleeding (GIB) 
with these devices. A meta-analysis by Draper et al found the 
incidence of GIB in patients with continuous-flow LVADs to 
be 23% [4] , compared to previous studies in pulsatile LVADs 
that found a GIB rate closer to 10% [5]. Crow et al performed 
study comparing risk of GIB between pulsatile and non-pulsa-
tile devices and found the risk of GIB to be 6.8 events per 100 
patient years for pulsatile vs. staggering 63.8 events per 100 
patient years for continuous LVAD [6].

Several studies have examined the etiology of GIB in 
this population, and multiple hypotheses exist. First, it has 
been clearly documented that patients implanted with a 
LVAD have a marked decrease in the von Willebrand gly-
coprotein, causing a form of acquired von Willebrand factor 
(vWF) deficiency. Interestingly, this deficiency resolves after 
heart transplant and the removal of the LVAD [7]. Second, 
multiple studies have shown the increased rate of angioecta-
sia formation in this patient population. In a 2011 study, 31% 
of LVAD patients with GIB were found to have angioectasias 
as the potential cause for their blood loss [8]. Finally, in order 
to avoid the devastating complications of pump thrombosis 
and embolic strokes associated with LVADs, all patient re-
quire life-long antiplatelet and anticoagulation medications. 
These medications alone will increase the risk of GI hemor-
rhage in any population. Other etiologies such as mucosal 
ischemia related to the loss of the cardiac pump have also 
been suggested as causes for the increased risk of GIB, but 
are less well defined.

Overall, with the increasing utilization of LVAD therapy 
in end-stage heart failure along with the aging population 
gastroenterologists in all settings are likely to be confronted 
with GIB in this patient population. The economic burden 
of these hospital admissions is substantial including inten-
sive care beds as well as multi-specialty consult services. 
Importantly, the rate of recurrence of GIB in this population 
is substantial, contributing to the significant healthcare costs 
associated with this population. While there have been mul-
tiple studies published regarding optimal approach to GIB in 
these patients, there have been very few examining the risk 
factors associated with the high recurrence of GIB. The aim 
of our study is to identify clinical factors associated with re-
admissions for recurrence of GIB in patients implanted with 
a LVAD.

Methods

Patients

We conducted a retrospective cohort study at a single tertiary 
care institute. The cohort included all patients implanted with 
a LVAD at the University of Alabama at Birmingham (UAB) 
between January 1, 2009 and December 31, 2013 who were 
admitted with a primary diagnosis of GIB. Patients with other 
devices such as BiVADs, RVADs, pulsatile devices and those 
less than 19 years of age were excluded. The aim of the study 
was to identify clinical predictors of repeat hospital admission 
for GIB in patients implanted with a LVAD.

Endoscopy

Throughout the specified time period, multiple endoscopic mo-
dalities were utilized in diagnostic and therapeutic approaches to 
the GIB. These included esophagogastroduodenoscopy (EGD), 
colonoscopy, push enteroscopy (PE), video capsule enterosco-
py (VCE), as well as double-balloon enteroscopy (DBE). Each 
of these procedures has specific advantages and disadvantages 
ranging from time of procedure, ability to perform diagnostic and 
therapeutic interventions as well as percentage of bowel evalu-
ated. The diagnostic and therapeutic yield of each procedure was 
documented along with the specified locations along the GI tract.

Data collection

The database was created and maintained on protected com-
puters at the University of Alabama at Birmingham. Patients 
were followed until time data were collected in October 2015 
and were evaluated for death or last follow-up at our tertiary 
care center. Both descriptive and clinical variables were col-
lected including age, sex, race, indication for LVAD implanta-
tion, date and number of hospital admissions for GIB, length 
of hospital stay, INR on admission, number and type of pro-
cedures performed, antiplatelet/anticoagulation therapy used, 
diagnostic yield, therapeutic yield, location of lesion, and re-
admission rate. A total of 363 units of packed red blood cells 
(PRBCs) were given with an average of 5.11 per admission 
for GIB. Forty-five patients died after having LVAD but no 
reported deaths during an admission for GIB.

Statistical analysis

With the assistance of the Biostatistical Department at UAB, 
univariate analysis was performed on the data. Specifically, 
we used multivariable generalized estimating equation (GEE) 
models to test our hypothesis. A P-value < 0.05 was considered 
statistically significant. We utilized SAS® version 9.3 for all 
of our statistical analysis. The dependent variable was repeat 
hospital admission for GIB. The independent variables includ-
ed sex, race, overt vs. occult GIB, timing of endoscopy, diag-
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nostic yield, therapeutic yield, use of anticoagulation, use of 
antiplatelet medications, length of initial hospitalization, total 
units of transfusions, and total number of endoscopic proce-
dures performed during initial hospitalization.

Results

Patients

There were 102 patients who received a LVAD at our institu-
tion between time period of January 2009 through December 
2013. Table 1 shows the demographics of the patients included 

in the study. A total of 32 patients (31.4%) required hospital 
admission for GIB and 18 (56.3%) required repeat admissions. 
There were eight patients that had > two hospitalizations for 
GIB. The average time from implantation of LVAD to pres-
entation for GIB in our study was 343 days. Patient hospital 
length of stay for initial presentation of GIB was 9.45 days.

Predictors of readmission

Thirty one percent of our LVAD patients were admitted for a 
GIB and 56.3% of these required readmission and a total of 
eight (25%) patients required > two admission for GIB. Table 
2 shows the factors that we identified which were predictive or 

Table 1.  Demographics

Variables Total (102 patients) Patients with GIB  
(32 patients)

Patients without GIB  
(70 patients) P value

Age 53.6 62.2 49.5
Race Black (%) 36 (35.29) 7 (21.88) 29 (41.43) 0.39

White (%) 65 (63.73) 25 (78.13) 40 (57.14)
Other (%) 1 (0.98) 0 1 (1.43)

Gender Male (%) 83 (81.37) 27 (84.38) 56 ( 80) 0.45
Female (%) 19 (18.63) 5 (15.63) 14 (20)
Average age (range) 53.87 (19.2 - 78.9) 63.06 (50.0 - 78.9) 49.67 (19.2 - 73.7)

Indication for therapy Destination (%) 50 (49.02) 21 (65.63) 29 (41.42) 0.04
Bridge to transplant (%) 52 (50.98) 11 (34.38) 41 (58.57)

Type of bleed Overt NA 28(87.5) NA NA
Occult NA 4 (12.5) NA NA
Average Hb (g/dL) (range) NA 7.88 (4.7 - 13.3) NA
Average INR (range) NA 2.1 (1.07 - 4.79) NA

Type of device Heartmate II (%) 76 (74.5) 26 (81.25) 50 (71.43) 0.4
Heartware (%) 25 (24.5) 6 (18.75) 19 (27.14)
Duraheart (%) 1 (0.98) 0 1 (1.43)

Medications Aspirin (%) 94 (92.16) 27 (84.38) 67 (95.71) 1.0
Plavix/prasugrel (%) 37 (36.27) 13 (40.63) 24(34.29) 0.71
Coumadin (%) 98 (96.08) 29 (90.63) 69 (98.57) 0.02

Table 2.  Results Showing Odds Ratio (OR) for Readmission for GIB in LVAD Patients

Parameter Level Estimated OR Lower limit 95% CI Upper limit 95% CI P value
Sex Male 10.369* 1.815 59.241 0.0085*
Intention to treat Bridge to transplant 0.073* 0.19 0.273 0.0001*
Overt vs. occult Occult 2.185 0.677 7.056 Not significant
Early endoscopy (< 48 h) Yes 0.430* 0.186 0.992 0.048*
Etiology Ischemic 0.571 0.260 1.254 Not significant
LOS Each additional day 0.831* 0.712 0.979 0.092
INR level on admission Each 1 point over normal 3.580* 1.463 8.759 0.052

LOS: length of hospital stay; INR: international normalized ratio; *Showing statistically significant variables.
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protective of repeat admission. Male sex had an OR of 10.369 
for repeat admission. Patients with supratherapeutic INR had 
an OR of 3.580 for every point the INR was over normal mean-
ing that if patient had an INR of 3 (assuming normal is 1), they 
had > 7× risk of readmission. The more pertinent data are re-
garding those with OR < 1 as these were protective of readmis-
sion for GIB. Patients who had LVAD as a bridge to transplant 
therapy as compared to destination therapy had the lowest OR 
at 0.073. Patients who had early endoscopy as defined by < 48 
h from admission were shown to have readmission rate of 43% 
of those who had endoscopy > 48 h after admission. Lastly, for 
each additional day a patient stayed in hospital and had contin-
ued workup and management, this had a reduction of close to 
17% readmission in future for GIB. Figure 1 is a Kaplan-Meier 
curve showing the survival from “rebleeding” in days from the 
initial bleeding event. It demonstrates that individuals “at risk” 
are more likely to re-bleed in the beginning as the slope of the 
curve starts to change around 400 days.

Location of bleeding

The location of bleeding was determined for each patient if 
able but 56% of patients were not able to have source localized 
initially but with repeat endoscopic evaluations, this number 
was reduced to 35% which correlated with 21% change. The 
most common site after all endoscopic workup was the jeju-
num at 21% (15% was proximal) followed by colon at 13%, 
duodenum and stomach at 9%, ileum 6%, esophagus 4%, and 
lastly rectum at 3%.

Endoscopic evaluation

Endoscopic evaluation for purposes of this study included 
EGD, colonoscopy, PE, DBE, VCE, and flexible sigmoidos-
copy. Eighty-six percent of patients studied required endo-
scopic evaluation. The initial endoscopic evaluation study was 
dependent on patients presenting symptoms. The diagnostic 
yield comparing all forms of endoscopies in our study showed 

flexible sigmoidoscopy (Flex Sig) with 100% diagnostic yield 
and a 67% therapeutic yield, with lowest being EGD which 
had 29% diagnostic yield and 21% therapeutic yield.

Discussion

The association between LVADs and GIB is evident through 
multiple studies. Our study showed a slightly higher risk of 
GIB at 31% as compared to Draper et al study of 23% [4]. 
Many patients are on triple antiplatelet/anticoagulation therapy 
for other cardiac diseases but the rates of GIB in those patients 
are much lower in the 1.5% - 8% range [9]. So the question re-
mains as to why patients with LVAD have such higher signifi-
cant rates of GIB. Some of the proposed and published studies 
suggest that the use of antiplatelet/anticoagulation mediations, 
acquired von Willebrand disease, and development of AVMs 
are the main etiology and risk factors for development of GIB. 
Patients with LVADs have been shown to have lower levels of 
vWF after having an LVAD implemented with levels returning 
to baseline when device is removed [7, 10]. Aortic stenosis is 
also felt to be a potential cause for reduction of vWF as the 
vWF undergo structural damage as it passes over the calcified 
valve which could be similar phenomena to when the vWF 
pass by the implanted LVAD [11]. The development of AVMs 
accounted for the source of GIB in 31% of the patients who 
had GIB associated with LVADs and occurred in older patients 
[8]. There are numerous studies, which were designed to create 
a best practice of evaluating this particular group of patients. 
Kushnir et al showed that with a comprehensive endoscopic 
evaluation the source of GIB can be identified in 70% of cases 
[12]. The diagnostic yield for our patients receiving PE vs. 
EGD was 42% vs. 29% respectively. The initial diagnostic en-
doscopic evaluation has also been studied and has been based 
on where culprit lesion is most commonly located. Draper et al 
developed an algorithm that recommends EGD and colonos-
copy initially and if no lesion identified to pursue VCE. Based 
on VCE, patient either can go for deep enteroscopy of lesion 
identified or CT vs. MR enterography if no lesion identified on 
VCE [4]. A prior study at our institution looking at the use of 
VCE in LVAD patients showed that VCE was able to identify 
67% of the bleeding source with jejunum identified in 78% and 
duodenum in 44% [13].

Not only do patients develop GIB, our study showed as 
much as 56.3% of these patients get re-admitted. America’s 
healthcare costs continue to rise and ways to improve patient 
care while reducing the economic burdens on the system are 
always desirable. The important factors we identified in our 
study are the modifiable factors which include early endos-
copy, length of stay, and INR level. Even though sex and use 
of LVAD as bridge to transplant are not modifiable, they still 
can help clinicians identify patients that are high risk and as 
such spend longer amount of time with them to help prevent 
repeat admissions. Why male patients are more likely to have 
readmission compared to females is not clear especially with 
article by Jahann and Shami showing that females with LVADs 
are more likely to have GIB [14]. One possible explanation to 
explain why those who have an LVAD as bridge to transplant 

Figure 1. Kaplan-Meier curve showing “survival from re-bleeding”.
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might be protective could be related to their overall prognosis 
and self-awareness of their disease. If they are being consid-
ered for transplant, they must meet certain criteria and per-
haps they are baseline “healthier” and have more motivation to 
follow the recommendations from their physicians. Although 
each additional day a patient stays in the hospital cost signifi-
cant amount of money, there is a reduction of 17% for repeat 
admission which would easily justify the extra days spent at 
the hospital. When patients present with GI related complaints, 
emergency and gastrointestinal staff have to determine which 
patients required “emergent” therapy for complications such 
as GI bleed, biliary obstruction, food impaction, etc. Although 
GI bleed in patients is often not an “emergent” situation per se 
and can be managed initially with blood products and fluids, 
this study does suggest that early intervention (as defined by < 
48 h) did indeed help reduce chance of repeat admissions for a 
GIB. Early endoscopy in setting of GIB increases the chance 
of a clinician finding culprit lesion and as a result allows them 
to have therapeutic intervention earlier. By waiting > 48 h, 
there is a risk that the culprit lesion might have no stigmata of 
bleeding and as such will not be identified or therapeutically 
managed leading to a 57% increase risk of repeat admission 
for bleeding.

The clinical relevance of our study can boil down to two 
significant takeaways: patient morbidity and healthcare as-
sociated cost. A recently published study looking at cost and 
mortality showed that patients with continuous-flow LVADs 
related GIBs were found to have longer hospitalizations and 
higher hospital charges without a significant association with 
mortality [15]. This translates into more money being spent 
without any major benefit. The question remains as to how 
hospitals and clinicians can help and be proactive in reducing 
repeat admissions in these particular patients.

Limitations

One of the limitations of the study was the patient size. Despite 
being > 100 patients, a larger study should be performed to 
confirm the risk factors that we identified as well as potentially 
identify additional factors that we did not include in this study. 
A second limitation is that this study occurred at only one ter-
tiary care center. By combining additional tertiary care centers 
and having larger patient database, the chance of data having 
biases and confounding variables would be reduced.

Conclusions

With the ever increasing number of patients developed end-
stage systolic heart failure and needing LVADs as either bridge 
to transplant or destination therapy, the risk of GIB will con-
tinue due to patients requiring blood thinning medications. 
With an estimated 23-30% of patients with LVAD developing 
some form of GIB, a way to predict and more important pre-
vent readmissions needs to be developed. Our study looked at 
this particular patient population and developed certain clini-
cal predictors of readmission for repeat GIB. Our study found 
that male gender and degree of supratherapeutic INR levels 

were associated with higher admission rates whereas early en-
doscopy, longer stay in hospital and LVAD being used as a 
bridge to transplant were associated with lower readmission 
rates for GIB.
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