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BACKGROUND: Gastrointestinal bleeding (GIB) is a common 
complication seen in patients supported with left ventricular assist devices 
(LVADs) and is related to increased inflammation and angiogenesis. 
Omega-3 is an unsaturated fatty acid that possesses anti-inflammatory 
and antiangiogenic properties. This study aims to assess the prophylactic 
efficacy of treatment with omega-3 on the incidence of GIB in LVAD 
patients.

METHODS AND RESULTS: Among consecutive 166 LVAD patients 
enrolled in this analysis, 30 patients (49 years old and 26 male) received 
4 g/d of omega-3 therapy for 310±87 days and 136 patients in the 
control group (58 years old and 98 male) were observed for 302±102 
days. One-year GIB-free rate was significantly higher in the omega-3 
group as compared with the control group (97% versus 73%; P=0.02). 
Omega-3 therapy was associated with the occurrence of GIB in both 
the univariate (hazard ratio, 0.12; 95% CI, 0.02–0.91; P=0.040) and 
multivariate Cox proportional hazard ratio analyses (hazard ratio, 0.13; 
95% CI, 0.02–0.98; P=0.047). The frequency of GIB was significantly 
lower in the omega-3 group (0.08±0.42 versus 0.37±0.93 events/y; 
P=0.01), accompanied by significantly lower blood product transfusion 
and shorter days in the hospital. The frequency of GIB remained lower 
among the omega-3 group after matching for patient background 
characteristics (96% versus 73%, P=0.028).

CONCLUSIONS: LVAD patients treated with omega-3 had a significant 
increase in freedom from GIB. A randomized controlled study is warranted 
to evaluate the use of omega-3 in LVAD patients.
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Continuous-flow left ventricular assist devices 
(LVADs) have changed the clinical course of ad-
vanced heart failure (HF) patients, with signifi-

cant improvement in both longevity and quality of life.1 
However, patients supported with LVAD are prone to 
a high burden of adverse events requiring frequent re-
admissions. Hemocompatibility-related adverse events, 
composed of both bleeding and thrombotic adverse 
events (gastrointestinal bleeding [GIB], neurological 
events, pump thrombosis, and other thromboembolic 
events) are the leading causes for readmission, with GIB 
being the most common complication.2

Therapies to address GIB include temporary discon-
tinuation of anticoagulant and antiplatelet medications, 
intravenous administration of proton pump inhibitors, 
octreotide therapy, and invasive endoscopic cauteriza-
tion.3 In rare cases, administration of vitamin K, fresh 
frozen plasma, cryoprecipitate, or concentrated vWF 
(von Willebrand factors) is given for refractory bleed-
ing episodes, but these agents may increase the risk 
of pump thrombosis. To date, a definitive strategy to 
prevent GIB has not been identified.4

Evidence is mounting that the development of 
arteriovenous malformations (AVMs) is a key factor 
in the development of GIB in LVAD patients,4 in addi-
tion to previously identified mechanisms, including 
LVAD-induced acquired von Willebrand disease and 
continuous anticoagulant and antiplatelet therapies.5 
Recently, our team demonstrated that thrombin-
induced angiopoietin-2 expression and higher level of 
TNF (tumor necrotic factor)-α in LVAD patients lead to 

increased angiogenesis, which may contribute to AVM 
formation.6,7

Omega-3, an unsaturated fatty acid, is known to 
have inhibitory effects on angiogenesis and inflamma-
tion and thus may potentially have a role in the pre-
vention of GIB in these patients.8,9 In this study, we 
investigated for the first time the prophylactic effect of 
omega-3 therapy on reduction of GIB in LVAD patients.

METHODS
Patient Selection
The data, analytic methods, and study materials will be made 
available on the corresponding author to any researchers for 
purposes of reproducing the results or replicating the proce-
dure. All patients implanted with LVAD in our center between 
April 2014 and May 2017 were included in this retrospective 
analysis. Patients were divided into 2 groups based on treat-
ment with omega-3. Omega-3 therapy was administered at 
a dose of 4 g daily at discretion of the treating cardiologists. 
Patients treated with omega-3 were followed for 1 year from 
the time of omega-3 initiation. All other patients were fol-
lowed for 1 year from the index admission discharge day and 
served as a control group.

All patients received guideline-directed medical therapy, 
including antiplatelet therapy, oral proton pump inhibitor, 
and warfarin with a target international normalized ratio 
(INR) between 2.0 and 3.0 for HeartWare LVAD and between 
2.0 and 2.5 for HeartMate II LVAD, unless recurrent GIB 
occurred. The institutional review board of the University 
of Chicago approved this study. All subjects gave informed 
consent for this study.

Definition of GIB
GIB was defined according to the Interagency Registry for 
Mechanically Assisted Circulatory Support as any clinically 
suspected or documented bleeding from the GI tract as indi-
cated by a new drop in hemoglobin and the appearance 
of melena, hematochezia, hematemesis, or guaiac-positive 
stool. The validity of the definition of GIB was confirmed by 2 
independent researchers (Dr Imamura and P.M.).

Management of GIB
GIB was managed according to our institutional protocol, 
irrespective of administration of omega-3, by the attending 
physicians. Patients admitted to the hospital with GIB had 
both anticoagulants and antiplatelet agents discontinued. All 
patients received proton pump inhibitor therapy by intravenous 
infusion.10 Red blood cells were transfused to achieve a mini-
mum hemoglobin of 7.0 g/dL. Vitamin K or fresh frozen plasma 
was administered when ongoing severe bleeding was pres-
ent with an elevated INR. Invasive endoscopy was performed 
in most cases, with the addition of capsule endoscopy, push 
enteroscopy, or mesenteric angiography when the diagnosis 
was not clear. Clipping, argon plasma coagulation, or infrared 
radiation embolization were performed when indicated.

When active GIB resolved, anticoagulation was slowly 
reintroduced using the previous INR target, while antiplatelet 

WHAT IS NEW?
•	 Omega-3, an unsaturated fatty acid (ie, fish oil) 

that may possess anti-inflammatory and antiangio-
genic properties, had a primary preventive efficacy 
of gastrointestinal bleeding in patients with left 
ventricular assist device.

•	 The preventive efficacy of omega-3 remained, 
despite background-adjusted analysis.

WHAT ARE THE CLINICAL  
IMPLICATIONS?

•	 Omega-3 may be considered as a standard ther-
apy to prevent gastrointestinal bleeding in patients 
with left ventricular assist device in the near future.

•	 The next concern is a comparison study with other 
countries such as Japan, where high load of fish is 
taken with low gastrointestinal bleeding rate dur-
ing left ventricular assist device therapy.

•	 Another concern is a prospective randomized con-
trol study to investigate primary and secondary 
preventive efficacy of omega-3 on gastrointestinal 
bleeding.
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therapy was held indefinitely. In cases of recurrent bleeding, 
patients were started on long-acting octreotide as an outpa-
tient,11 and in select cases, the INR target was reduced.

Variables Evaluated
All clinical variables of both groups were obtained from the 
electronic medical record. The primary end point was GIB 
events rates during the observational period. Blood products, 
length of hospitalization, and amount of GI procedures were 
collected. Aspirin dose, INR, LVAD speed, hemoglobin levels, 
and anti-HF medication prescription data were obtained at 
the time of follow-up start, at first month, third months, and 
sixth months.

Statistical Analyses
Statistics were performed using SPSS Statistics 22 (SPSS Inc, 
Chicago, IL). Variables with P<0.05 were considered as sig-
nificant. Continuous data were described as mean±SD when 
normally distributed or described as median (25% quartile, 
75% quartile) when non-normally distributed and compared 
between 2 groups using unpaired t test or Mann-Whitney 
U test as appropriate. Categorical data were compared 
between 2 groups by χ2 test or Fischer exact test as appro-
priate. Clinical events were calculated as per patient-year or 
patient-event and expressed as mean±SD. The 1-year GIB-free 
rates were analyzed by Kaplan-Meier analyses and compared 
between the 2 groups by using log-rank test. Univariate Cox 
proportional hazard ratio (HR) analyses were performed to 

investigate significant factors associated with any GIB events. 
Variables with P<0.05 in these analyses were enrolled into the 
multivariate analysis model.

We also performed a propensity score analysis, matching 
for age, sex, device type, and aspirin dose at discharge to col-
lect 1:2 of omega-3 group and control group because of the 
impact of these 4 variables on GIB. A propensity score was 
calculated using logistic regression modeling, including all 4 
of the above variables and paired participants were selected 
based on the propensity scoring.

RESULTS
Baseline Characteristics
One hundred sixty-six patients (101 axial flow pumps 
and 65 centrifugal flow pump) were enrolled. Patients 
were 57 (48, 65) years old and 137 were male. Most 
patients received an LVAD as destination therapy (87%), 
and 57 (34%) had an ischemic HF cause (Table 1). No 
patients experienced GIB before the follow-up.

Thirty patients received omega-3, starting 25 (5, 
64) days after LVAD implantation, with therapy con-
tinuing for 310.4±87.3 days. None of the patients in 
the omega-3 arm experienced any side effects lead-
ing to discontinuation of the medication. As a con-
trol group, 136 patients who did not receive omega-3 
were followed from the first discharge of the index 

Table 1.  Comparison of Baseline Characteristics

 Total (N=166)
Omega-3 (+) 

(N=30)
Omega-3 (−) 

(N=136) P Value

Demographics

 ������� Age, y 57 (48, 65) 49 (40, 57) 58 (51, 67) <0.001*

 ������� Body mass index 30.0 (25.4, 
36.2)

32.8 (28.1, 
35.8)

29.9 (25.4, 
36.2)

0.36

 ������� Male 137 (83%) 26 (87%) 111 (82%) 0.07

 ������� LVAD duration before the 
enrollment, d

20 (14, 32) 25 (5, 64) 20 (14, 28) 0.06

 ������� Destination therapy 145 (87%) 26 (87%) 119 (88%) 0.18

 ������� Device

  �������  Axial LVAD 100 (60%) 17 (57%) 83 (61%) 0.40

  �������  Centrifugal LVAD 66 (40%) 13 (43%) 53 (39%) 0.84

 ������� Temporary RVAD use 12 (7%) 2 (7%) 10 (7%) 0.90

Comorbidity

 ������� Ischemic cause 57 (34%) 7 (23%) 50 (37%) 0.22

 ������� Hypertension 95 (57%) 18 (60%) 77 (57%) 0.45

 ������� Diabetes mellitus 58 (35%) 8 (27%) 50 (37%) 0.20

 ������� Atrial fibrillation 60 (36%) 10 (33%) 50 (37%) 0.45

 ������� History of stroke 28 (17%) 3 (10%) 25 (18%) 0.20

 ������� History of ventricular 
tachyarrhythmia

61 (37%) 10 (33%) 51 (38%) 0.42

 ������� Hemoglobin, g/dL 9.56±1.25 9.80±1.35 9.50±1.23 0.32

LVAD indicates left ventricular assist device; and RVAD, right ventricular assist device.
*P<0.05 by unpaired t test or Mann-Whitney U test.
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hospitalization (20 [14, 28] days after LVAD implan-
tation) and observed for 302.0±101.5 days. Eighteen 
patients who died during the index hospitalization 
were excluded. None of the excluded patients received 
omega-3 before their death.

Patients in the omega-3 group were younger 
(49 [40, 57] years old versus 58 [51, 67] years old, 
P<0.001), while other baseline characteristics were 
identical between the groups (P>0.05 for all). There 
were no statistical differences between the 2 groups in 
anti-thrombotic therapy, LVAD speed, or anti-HF medi-
cations during the observational period (Table I in the 
Data Supplement).

GIB Events
Only 1 patient (3%) in the omega-3 group experienced 
GIB (2 events at 52 and 270 days). In the control group, 
30 patients (22%) experienced 42 GIB events. Among 
them, the duration between baseline and the first event 
was 60 days (27, 272).

The 1-year freedom from GIB was 97% in the 
omega-3 group as compared with 73% in the con-
trol group (P=0.019; Figure 1A). The frequency of GIB 
was 0.08±0.42 events/y as compared with 0.37±0.93 
events/y in the control group (P=0.010; Figure 1B).

Among the patients aged <60 years old (N=96), the 
omega-3 group had significantly higher freedom from 
GIB compared with the control group (100% versus 
82%, P=0.049; Figure IA in the Data Supplement). 
Among those aged ≥60 years old (N=70), the omega-3 
group had a numerically higher freedom from GIB com-
pared with the control group, whereas the difference 
was not statistically significant (83% versus 64%; Fig-
ure IB in the Data Supplement).

In the multivariate Cox proportional HR analysis, age 
(per 10 years) had an HR of 1.51 (95% CI, 1.11–2.05; 
P=0.008) and omega-3 use had an HR of 0.13 (95% CI, 
0.02–0.98; P=0.047) in association with GIB (Table 2). 
The use of angiotensin-converting enzyme inhibitor or 
angiotensin receptor blocker at discharge was signifi-
cant only in the univariate analysis (HR, 0.39; 95% CI, 
0.17–0.86; P=0.019).

Clinical Outcomes
Hemoglobin levels were comparable at baseline and 1 
month but were significantly higher at 3 and 6 months 
in the omega-3 group compared with the control group 
(P=0.001 for both; Figure 2).

The blood product utilization and days in hospital 
were significantly lower in the omega-3 group (Table 3; 
P<0.05 for all). There were no adverse events associated 
with omega-3, and no patients in the omega-3 group 
died during the study period, whereas 20 patients 
(17%) in the control group died.

Comparison Among Background-
Matched Populations
Using propensity analysis, 27 patients in the omega-3 
group were matched with 54 patients in the control 
group. There are no significant differences in back-
ground characteristics between the 2 groups (Table II 
in the Data Supplement). We found that the omega-3 
group continued to demonstrate a higher 1-year free-
dom from GIB (Figure 3A; 96% versus 73%, P=0.044) 
and a lower GIB rate (Figure  3B; 0.09±0.44 versus 
0.39±0.87 event/y; P=0.028) as compared with the 
background-matched control group, although Cox HR 
regression analysis did not show statistical significance 
(HR, 0.16; 95% CI, 0.02–1.24; P=0.083).

DISCUSSION
In this study, we analyzed the efficacy of omega-3 ther-
apy on the primary prevention of GIB in LVAD patients. 

Figure 1. Comparison of freedom from gastrointestinal (GI) bleeding (A) 
and GI bleeding rate (B) between the omega-3 group and control group.  
*P<0.05 by log-rank test and †P<0.05 by Mann-Whitney U test.
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GIB rate was lower in the omega-3 group, and these 
findings remained despite propensity-adjusted analysis. 
Consistent with these findings was that patients receiv-
ing omega-3 therapy required fewer blood product 
transfusions, days in the hospital, and GI procedures.

Pathophysiology of GIB, Current Therapy, 
and Omega-3
GIB is a leading cause of readmissions among LVAD 
patients, occurring in 15% of the MOMENTUM 3 study 
(Multicenter Study of MagLev Technology in Patients 
Undergoing Mechanical Circulatory Support Therapy 
With HeartMate 3) population at 6 months12 and 35% 
of the ENDURANCE study (Clinical Trial to Evaluate the 
HeartWare Ventricular Assist System) population at 2 
years.13 Previously, the use of anticoagulation and anti-
platelet therapy in combination with the development 

of acquired von Willebrand disease was thought to be 
the leading causes of GIB events in LVAD patients.4

However, recent data have revealed the critical role 
of abnormal angiogenesis and the development of GI 
angiodysplasia. We previously reported that patients 
supported by LVADs have elevated thrombin levels 
because of the expression of tissue factor, causing an 
increase in the levels of angiopoietin-2, which promotes 
abnormal angiogenesis by proliferation of endothelial 
cells.6 Furthermore, we also demonstrated that elevat-
ed TNF-α levels lead to an increase in tissue factors, 
which promotes thrombin generation. Elevated TNF-α 
also facilitates pericyte apoptosis, reduces angiopoi-
etin-1, and makes endothelial cells destabilized, which 
also result in abnormal angiogenesis.7 In LVAD patients 
who had high concentrations of both angiopoietin-2 
and TNF-α before the surgery, there was a highly sig-
nificant increase in the risk of GIB.7

Table 2.  Cox Proportional Hazard Ratio Analyses for any GI Bleeding Events

Univariate Analysis Multivariate Analysis

Hazard Ratio  
(95% CI) P Value

Hazard Ratio 
(95% CI) P Value

Demographics

 ������� Age, per 10 y 1.62 (1.22–2.16) 0.001* 1.51 (1.11–2.05) 0.008*

 ������� Body mass index 0.97 (0.92–1.03) 0.29   

 ������� Female 1.00 (0.45–2.21) 0.97   

 ������� Destination therapy 1.25 (0.52–3.02) 0.63   

 ������� Axial LVAD vs centrifugal LVAD 0.95 (0.47–1.92) 0.89   

 ������� Temporary RVAD use 0.39 (0.05–2.82) 0.35   

 ������� Omega-3 administration 0.12 (0.02–0.91) 0.040* 0.13 (0.02–0.98) 0.047*

Comorbidity

 ������� Ischemic cause 1.67 (0.84–3.33) 0.15   

 ������� Hypertension 0.75 (0.38–1.49) 0.42   

 ������� Diabetes mellitus 0.79 (0.38–1.66) 0.53   

 ������� Atrial fibrillation 1.31 (0.65–2.63) 0.46   

 ������� Hemoglobin, g/dL 0.81 (0.59–1.11) 0.19   

Baseline therapeutic parameters

 ������� PT-INR 1.12 (0.57–2.21) 0.75   

 ������� PT-INR >3.0 1.84 (0.56–6.04) 0.31   

 ������� Aspirin dose, per 100 mg 0.84 (0.52–1.28) 0.38   

 ������� Aspirin administration 0.77 (0.33–1.77) 0.53   

 ������� LVAD speed, per 100 rpm

  �������  Axial LVAD 0.99 (0.97–1.01) 0.38   

  �������  Centrifugal LVAD 0.94 (0.51–1.75) 0.85   

 ������� ACE or ARB 0.39 (0.17–0.86) 0.019* 0.48 (0.18–1.16) 0.12

 ������� β-blocker 0.57 (0.26–1.22) 0.15   

 ������� Aldosterone antagonist 0.49 (0.22–1.14) 0.10   

ACE indicates angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; GI, gastrointestinal; 
LVAD, left ventricular assist device; PT-INR, prothrombin time with international normalized ratio; and RVAD, right 
ventricular assist device.

*P<0.05 by Cox proportional hazard ratio analyses.
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These inflammatory and angiogenesis activation are 
already observed in patients with advanced HF before 
LVAD implantation. Consistently, the prevalence of 
nasal hypervascularity, which is associated with GIB, in 
patients with advanced HF was as high as in those with 
LVAD support.14 However, the severity of nasal hyper-
vascularity was lower in HF group compared with the 
LVAD group. LVAD-induced activation of TNF-α would 
more enhance the angiogenesis cascade.7

After a GIB event, alteration of anticoagulation and 
antiplatelet therapy is recommended.4 The European 
TRACE study (Study of Reduced Anti-Coagulation/Anti-
Platelet Therapy in Patients With the HeartMate II LVAS) 
demonstrated that anticoagulation therapy alone (with-
out antiplatelet therapy) reduced the incidence of major 
bleeding without increasing the risk of thromboembolic 
events.15 Nevertheless, optimal magnitude of antico-
agulation and antiplatelet therapies remains uncertain. 
Reduced pulsatility has also been associated with GIB, 
and reduction in LVAD speed has been recommended 
to enhance arterial pulsatility and thereby suppress the 
formation of AVMs.16,17 However, the role of pulsatility in 
GIB has been questioned by the results of partial LV sup-
port device, which continued to have a relatively high GIB 
rate, despite sufficient preservation of pulse pressure.18 
Furthermore, lowering LVAD speeds may run counter to 
the goals of LV unloading and hemodynamic optimiza-
tion, which often required an increase in LVAD speed.19

In the arena of therapeutics, the use of octreotide, 
a somatostatin analog that induces splanchnic arterial 
vasoconstriction, was assessed in LVAD patients and 
found to reduce the rate of GIB in a secondary preven-
tion population.11,20 Other therapies, such as danazol 
and thalidomide, have recently been proposed for the 
management of GIB.21,22 However, their clinical use may 
be restricted to the secondary prevention of GIB, con-
sidering their significant adverse effect profiles. Strict 
patient selection and careful monitoring are required 
for thalidomide therapy because of pancytopenia and 

neuropathy,21 and patients may not tolerate long-term 
danazol therapy because of its androgenic side effects.22

In the current study, omega-3 therapy prevented 
the development of GIB in LVAD patients in both an 
unadjusted and propensity-matched adjusted analysis. 
The GIB rate in the omega-3 group was 0.08 events/y, 
which was 79% lower than the rate of 0.37 events/y 
in the control group and 84% lower than the rate of 
0.49 events/y recently reported by Interagency Registry 
for Mechanically Assisted Circulatory Support (at 3–12 
months after LVAD implantation).1 The rate of GIB in 
the omega-3 group was surprisingly similar to the rate 
of all-cause bleeding reported by the Japanese regis-
try for Mechanically Assisted Circulatory Support (0.12 
events/y).23 One potential mechanism for the lower rates 
of GIB Japan may be related to the Japanese diet, which 
is rich in fish oil containing omega-3.24 Further studies 
that compare angiogenesis-related biomarkers and GIB 
rates in patients receiving a same device (ie, HeartMate 
II) between United States and Japan are warranted.

Why Does Omega-3 Therapy Suppress 
GIB?
Omega-3 suppresses inflammation, angiogenesis, and cell 
proliferation and invasion via its effects on cyclooxygenase, 
lipoxygenase, and cytochrome P450 enzymes.8 Mehra et 
al25 demonstrated that omega-3 decreased TNF-α produc-
tion in HF patients. We demonstrated that the reduction 
in TNF-α and angiopoietin-2 levels at 3 months after LVAD 
implantation was associated with lower GIB occurrence.26 
Thus, the mechanism of action of omega-3 may be relat-
ed to reductions in TNF-α, with subsequent suppression 
of angiopoietin-2 expression, although nobody has any 
direct pieces of evidence for their relationship.

The omega-3 inhibits the aggregation of platelet and 
may provoke the efficacy of antiplatelet therapy. The ome-
ga-3 group had numerically higher dose of antiplatelet 

Figure 2. Trends of hemoglobin level during the observational period 
in both groups.  
*P<0.05 by unpaired t test between the groups. Vertical bars indicate SDs.

Table 3.  Comparison of Parameters Associating With GI Bleeding

Omega-3 (+) 
(N=30)

Omega-3 (−) 
(N=136) P Value

Per patient-year

 ������� RBC, units 0.2±0.8 0.8±2.8 0.028*

 ������� FFP, units 0 0.2±0.9 0.011*

 ������� LOS, d 0.6±3.4 3.9±11.4 0.005*

 ������� GI procedures 0.08±0.42 0.23±0.72 0.088

Per patient-event

 ������� RBC, units 0.07±0.37 0.4±1.1 0.008*

 ������� FFP, units 0 0.1±0.4 0.009*

 ������� LOS, d 0.3±1.5 2.1±4.8 <0.001*

 ������� GI procedures 0.03±0.18 0.14±0.35 0.015*

FFP indicates fresh frozen plasma; GI, gastrointestinal; LOS, length of stay; 
and RBC, red blood cell.

*P<0.05 by unpaired t test or Mann-Whitney U test.
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agent during the observational period, probably because 
of less occurrence of GIB in this group. Nevertheless, the 
omega-3 therapy was associated with the reduced GIB 
rate, which may strengthen our hypothesis that the major 
cause of GIB in LVAD patients is the development of AVM 
via angiogenesis-related cascade instead of anticoagula-
tion and antiplatelet therapies. The prophylactic efficacy 
of omega-3 therapy on GIB in patients without LVAD is 
also uncertain or rather may be unexpected because AVM 
may not be a major cause of bleeding in such situation.

Future Direction and Study Limitations
This study is a proof of concept, and as such is an observa-
tional analysis that was not randomized. The indication for 
omega-3 administration was determined by the attending 
physicians and inclusion bias may exist. Particularly, there 
was a significant difference in age, which was also a signif-
icant risk factor of GIB, between 2 groups. Furthermore, 
the timing of initiation of omega-3 therapy varied among 

patients. We started follow-up of the control group at dis-
charge from the index hospitalization, and the timings of 
follow-up were comparable between 2 groups. We used 
propensity score matching technique to manage these 
biases. Also, we performed sub-analyses among age <60 
years old population and age ≥60 years old population 
and confirmed a prophylactic efficacy of omega-3 among 
<60 years old population. In contrast, it did not reach sta-
tistical significance among age ≥60 years old. Our results 
may not be adopted in the elderly population, and the 
efficacy of omega-3 therapy should be validated also in 
such population. Despite these statistical procedures, we 
cannot completely delete the confounding of age in this 
study. We are planning a prospective, randomized, place-
bo-controlled study to overcome such confounding.

In the current study, we did not measure angiogenesis 
and inflammatory parameters, and the theoretical effect 
of omega-3 on angiogenesis and inflammation was not 
proven. Longitudinal biomarker assessment is essential 
to build a stronger foundation for the current hypoth-
esis. In this study, patients were administered omega-3 at 
a high dose of 4 g daily; whether this is the optimal dose 
to suppress GIB is unknown. We studied the efficacy 
of omega-3 therapy for the primary prevention of GIB, 
but the patients with refractory GIBs may also be good 
candidates for the omega-3 therapy. Those who receive 
intensified anticoagulation and antiplatelet therapies to 
manage pump thrombosis are at high-risk of GIB and 
may also be good candidates of the omega-3 therapy. 
The indication of omega-3 therapy on such high-risk 
populations are also next concerns. Last, using next-
generation sequencing, the gut microbiome has been 
described and implicated in multiple disease processes, 
including GIB,27 and its fingerprint can be modified by 
omega-3 administration.28 Assessment of changes in the 
microbiome during omega-3 therapy may further eluci-
date the mechanism by which omega-3 suppresses GIB.

Conclusions
Omega-3 therapy was associated with significantly less 
GIB, as well as better clinical outcomes during LVAD sup-
port, even after the adjustment with key background 
factors. A randomized placebo-controlled study and a 
biomarker study to approach the mechanism of omega-3 
therapy are warranted to support the current results.
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