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Gastrointestinal Bleeding Rates in Left Ventricular Assist  
Device Population Reduced with Octreotide Utilization
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Patients with continuous-flow left ventricular assist devices 
have a high risk of gastrointestinal bleeding (GIB) and recur-
rent bleeding. Studies have shown octreotide can reduce the 
risk of GIB. This retrospective, case-crossover study, evaluated 
the efficacy of octreotide for the prevention of recurrent GIB 
in patients with left ventricular assist devices between August 
2008 and October 2018. A total of 32 patients received 
octreotide and were included in the study. Hospital admis-
sion for GIB was evaluated before and after the initiation of 
octreotide. Each case served as his/her own control. Most 
patients were on a reduced aspirin dose (56.2%) and had a 
reduced international normalized ratio goal (59.4%) before 
starting monthly octreotide. The most common dose of long-
acting octreotide was 30 mg every 28 days. Overall, octreo-
tide decreased the frequency of GIB (4.3 vs. 0.9 events/year,  
p < 0.001). Nineteen (59.4%) patients did not have a subse-
quent gastrointestinal bleed. Of the 13 patients who rebled 
after initiation of octreotide, the frequency of events decreased 
by 2.6 bleeds per patient per year (4.8 vs. 2.2; p = 0.043).  
In high-risk patients who have failed conventional therapy, 
octreotide can be useful for the prevention of recurrent GIB. 
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Gastrointestinal bleeding (GIB) is one of the most common 
complications in patients on continuous-flow left ventricu-
lar assist device (CF-LVAD) support and is associated with 
increased morbidity and mortality.1 The incidence of GIB 

after implantation of a CF-LVAD ranges between 15.4%  
and 61.0%.2,3

The pathophysiology of GIB in patients with CF-LVADs is 
multifactorial. The risk factors for increased likelihood of GIB 
in patients with CF-LVADs include chronic anticoagulation, 
antiplatelet agents, device physiology causing high shear stress 
resulting in acquired Von Willebrand disease, impaired platelet 
aggregation, formation of arteriovenous malformations, angio-
dysplastic lesions, and intestinal hypoperfusion.2–6 Various 
interventions to reduce the incidence of GIB include reduced 
antiplatelet dose, lower target international normalized ratio 
(INR) goals, decreased pump speed to allow for aortic valve 
opening, use of proton pump inhibitors or histamine-2 recep-
tor antagonists, treatment with thalidomide, danazole, or 
octreotide.1,7–10

Octreotide is a somatostatin analog, FDA approved for acro-
megaly, diarrhea associated with carcinoid tumors and vaso-
active intestinal peptide (VIP) secreting neurogenic tumors. 
Octreotide is used off-label for treatment and secondary pre-
vention of GIB. A few observational studies have shown a ben-
efit with the use of long-acting release octreotide (LAR) for the 
prevention of recurrent GIB (Table 1).11–14 The largest of the 
studies included 51 patients with a 180 day follow-up in com-
parison to a historical cohort.12

We conducted a retrospective cohort study evaluating the 
use of LAR at a single center over a 10 year period examining 
the incidence of GIB prior and following LAR therapy.

Materials and Methods

Patient Population

A retrospective, crossover study was conducted at Sentara 
Norfolk General Hospital. The study inclusion criteria 
included patients aged 18 years and older, CF-LVAD place-
ment from August 2008 to October 2018, a GIB requiring 
hospital admission, standard-of-care treatment for secondary 
prophylaxis, and treatment with monthly LAR. Patients were 
excluded if they missed greater than two consecutive doses of 
LAR (Table 2). The study was approved by the Eastern Virginia 
Medical School Institutional Review Board.

Endpoints

Each patient served as their own control to compare GIB 
rates. The control period was time from CF-LVAD implant to 
initiation of LAR (pre-LAR), whereas the comparison period 
was time from the initiation of LAR (post-LAR) until the end 
of follow-up. The primary endpoint was bleeding events per 
patient per year pre-LAR in comparison with post-LAR. A 
bleeding event was defined as a GIB resulting in hospitaliza-
tion. Although subject to clinical assessment, patients were 
generally admitted to the hospital for a decrease of 2 g/dl of 
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hemoglobin or signs of a GIB, such as a positive fecal occult 
blood sample. After evidence of GIB, colonoscopies, and 
endoscopies were routinely performed. If no bleeding source 
was identified, additional invasive procedures such as spiral 
enteroscopy would be performed.

Institution-Specific Protocols

Patients on CF-LVAD support were initially placed on 
aspirin 325 mg daily, warfarin with a goal INR of 2–3, and 
a proton pump inhibitor or histamine-2 receptor antagonist. 

Regimens after first bleed were then individualized per patient. 
Modifications to the INR goal, antiplatelet regimen, pump 
speed, or initiation of octreotide were considered before 
discharge at the discretion of the attending cardiologist. Per 
protocol, patients initiate octreotide when modifiable causes 
for bleeding (e.g., supratherapeutic INR or a lesion requiring 
cauterization) have been fixed. Patients started on octreotide 
continue monthly or more frequently until transplant or the 
patient expires.

Statistical Analysis

Paired categorical data were evaluated using the McNemar’s 
test. For continuous data, the paired t-test or Wilcoxon signed-
rank test was utilized. We then performed a mixed effects 
analysis of variance (ANOVA) model and included a random 
effect for patient ID to account for correlation between pre and 
post measurements within the same patient. In this three-way 
full factorial ANOVA, we evaluated the impact of octreotide, 
a reduced INR goal, and reduced aspirin dose on the outcome 
of GIB frequency. A Kaplan–Meier analysis with a log rank test 
was utilized to determine the impact of LAR on the freedom 
from rebleeding. Statistical analysis was completed with IBM 
SPSS statistics software version 24.

Results

Thirty-four patients out of 321 CF-LVAD implants during the 
study period developed a GIB and were initiated on LAR. Two 
of these patients were excluded, one due to receiving LAR for 
epistaxis and another due to missing greater than two con-
secutive doses of LAR. Pharmacokinetically when three con-
secutive doses are missed (3 months), the intramuscular drug 
is completely eliminated from the body. A total of 32 patients 
were included in the analysis, 15 (46.9%) had HeartMate 
II (Abbott, IL), 13 (40.7%) HVAD (Medtronic, MN), and 4 
(12.4%) HeartMate III (Abbott, IL) (Figure 1).

Baseline characteristics of the patients at the time of admis-
sion before the initiation of LAR are shown in Table 2. As this 
was a refractory patient population, most pre-LAR patients 
were on a reduced dose aspirin (56.2%), lower INR goal 
(59.4%), and were on a proton pump inhibitor (93.8%).

All patients had a therapeutic INR at the time of GIB before 
LAR initiation. Characteristics related to GIB events and their 
management can be found in Table 3. Post-LAR there were more 
patients on a reduced aspirin dose (p = 0.04) and lower INR goal 

Table 1. Key Studies Utilizing LAR in CF-LVAD Patients

 Devices
Number of 
Patients Octreotide Regimen Outcomes

Juricek et al.11 HMII 30 IM LAR depot 20 mg every 4 weeks Decreased frequency of GIB 3.4 ± 3.1 to  
0.7 ± 1.3 events/year; p < 0.001HVAD Heartassist

Shah et al.12 HMII 51 IM LAR depot (37) or SQ daily (14)  
for 6 months

Increased freedom from rebleeding GIB for the 
octreotide group, 75 ± 6% vs 52 ± 8%, p < 0.01

Malhotra et al.13 HMII 8 IM LAR depot 20 mg every 4 weeks  
for 16 weeks

No episodes of GIB observed or reported

Smallfield et al.14 Devices not 
specified

34 IM LAR depot monthly or SQ daily  
(doses not specified)

IM LAR depot monthly had lower rate of bleeding 
compared to SQ daily (29% vs. 42%)

CF-LVAD, continuous-flow left ventricular assist device; GIB, gastrointestinal bleed; HMII, HeartMate II; HVAD, HeartWare HVAD System; 
LAR, long-acting release.

Table 2. Patient Characteristics

Patient Demographics  

Gender: male, n (%) 25 (78.1)
Age at LVAD implantation, mean ± SE 61.2 ± 1.2
Body mass index, mean ± SE 30.4 ± 0.91
Race, n (%)  
 Caucasian 16 (50.0)
 African American 16 (50.0)
Past medical history, n (%)  
 Hypertension 26 (81.3)
 Ischemic etiology 23 (71.9)
 Atrial fibrillation 21 (65.6)
 History of ventricular tachycardia 21 (65.6)
 Diabetes mellitus 18 (56.3)
 History of prior bleeding events 13 (40.6)
 History of prior thrombotic events 9 (28.1)
 Current infection 3 (9.4)
LVAD, n (%)  
 Heartmate II 15 (46.9)
 HVAD 13 (40.7)
 Heartmate III 4 (12.4)
CF-LVAD rotations per minute, mean ± SE  
 Heartmate II 9,211.3 ± 105.9
 HVAD 2,821.5 ± 61.0
 Heartmate III 5,550.0 ± 236.3
Destination therapy, n (%) 17 (53.1)
INR at the time of the bleed before  

LAR, mean ± SE
2.2 ± 0.094

Aspirin, n (%)  
 None 8 (25.0)
 81 mg 9 (28.1)
 162 mg 1 (3.1)
 325 mg 14 (43.8)
Angiotensin-converting enzyme inhibitor/

angiotensin II receptor antagonist use, n (%)
19 (59.4)

Digoxin use, n (%) 4 (12.5)
Acid suppression therapy, n (%)  
 Proton pump inhibitor 30 (93.8)
 Histamine-2 receptor antagonist 2 (6.2)

CF-LVAD, continuous-flow left ventricular assist device; HMII; 
HVAD; LAR, long-acting release.
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(p = 0.02). There was no difference between patient follow-up 
time pre-LAR and post-LAR (393.5 vs. 470.3 days, p = 0.4).

Before the initiation of LAR, patients had an average of  
4.3 ± 3.8 GIB events per year (median 2.0 GIB events per year), 
whereas post-LAR patients had an average of 0.9 ± 1.4 GIB 
events per year (median 0 GIB events per year). Our study 
showed that LAR significantly reduced the frequency of GIB 
events per year, p <0.001 (Figure  2). Most patients (87.5%, 
28/32) had a positive response to LAR with a decrease in 
admissions for GIB. After initiating LAR, 59.4% (19/32) did 
not have a subsequent GIB. Of the 13 patients that bled after 
the initiation of LAR, the frequency of events decreased by 2.6 
bleeds per patient per year compared with pre-LAR (2.2 vs. 4.8;  
p = 0.043).

Among the three devices studied, there was no difference in 
GIB frequency (p = 0.54) or effect of LAR (p = 0.28). A multi-
variate, mixed modeling analysis demonstrated that LAR signifi-
cantly reduced GIB frequency (p < 0.01), whereas a reduced INR 
goal and reduced aspirin dose had no effect (p= 0.85, p = 0.54) 
(Tables 4 and 5). The Kaplan–Meier curves showed the time to 
first GIB for both pre-LAR and post-LAR. The 90 day freedom from 
GIB in pre-LAR was 50%, whereas in the same time frame, the 
post-LAR had 78% freedom from GIB (Figure 3).

Of the 32 patients included in this study, two patients devel-
oped a pump thrombosis. Patient 1 had a HeartMate II that had 

been on LAR for 4 months, had an INR of 1.7 (INR goal 1.5–2.0)  
and was on aspirin 325 mg daily at the time of admission. 
Patient 2 had a HeartMate II that had been on LAR over 2 years, 
had an INR of 3.20 (INR goal 2.0–3.0), and on aspirin 81 mg 
daily at the time of admission. Both patients had a reduction in 
their anticoagulant or antiplatelet, making it difficult to ascer-
tain the cause of the pump thrombosis.

Discussion

Despite improvements with CF-LVADs, GIB continues to 
be a vexing problem. This retrospective, case-crossover study 
aimed to evaluate the efficacy of LAR for prevention of recur-
rent GIB. Mehra et al.17 found that the incidence of GIB to be 
0.31 and 0.49 GIB events per patient per year in HeartMate 
II and HeartMate III devices, respectfully. Our patients had a 
higher incidence of 4.3 ± 3.8 GIB events per patient per year. 
When analyzing the study’s incidence of GIB, we could con-
sider that our patient population is higher risk for GIB com-
pared with the average patient population. In our study, LAR 
prevented recurrent GIB in 59.4% of patients and showed an 
overall reduction of GIB in 87.5% of patients. Upon a multi-
variate analysis, only LAR significantly reduced the frequency 
of GIB, while reduced INR goal and reduced aspirin dose had 
no effect.

Figure 1. Patient selection.



WILSON ET AL.992

Previous studies have demonstrated the efficacy and safety 
of octreotide for recurrent GIB. Shah et al.12 used a histori-
cal cohort from the original HeartMate II trials and found 
that the use of octreotide in HeartMate II patients with or 
without prior GIB more than a 6 month period resulted in 
significantly fewer recurrent GIB (24% vs. 43%, p = 0.04) 
and increased freedom from rebleed (75% vs 52 ± 8%,  
p < 0.01). Our study mirrored these results at 6 months with 
fewer recurrent GIB (31% vs. 63%) and increased freedom 
from rebleed (67% vs. 38%). While on LAR, 13 patients had 
recurrent GIB and the majority of bleeds (10/13) occurred in 
the first 6 months. Despite this rebleeding, LAR decreased 
the frequency of GIB. Four patients did not respond to LAR 
and continued to have GIB.

Another study by Juricek et al.11 determined monthly LAR used 
in patients with HeartMate II, HVAD, and Heartassist CF-LVADs 
significantly reduced the frequency of GIB (3.0 ± 2.4 vs.  
0.7 ± 1.3 GIB events/year, p < 0.05). Our study confirms 
these results with a similar decrease in GIB events/year 
(4.3 ± 3.8 vs. 0.9 ± 1.4, p < 0.001). Additionally, our study 
further elaborates on previous results evaluating outcomes 

with HeartMate III, continuing LAR longer than 12 months, 
and the impacts of adding LAR, adjusting aspirin dose, and 
INR goal on GIB. The use of octreotide resulted in reduc-
tion of GIB frequency and prevention of refractory GIB in 
patients with CF-LVADs.

Octreotide is known to be associated with adverse effects 
such as hyperglycemia, bradycardia, hypertension, diarrhea, 
and injection site reactions. None of the patients in this study 
had side effects that were attributed to octreotide. Cost is 
another factor in the decision-making process as an average 
dose of octreotide of 20 mg is $5,117.69 USD per month, lim-
iting use to patients with insurance coverage. At this time, most 
insurance plans that serve the patients around our center in the 
United States appear to cover LAR, although prior authoriza-
tions may take up to 14 days delaying initiation of therapy. The 
use of octreotide decreased frequency of hospitalization for 
GIB in 87.5% of patients. The costs of LAR may be offset with 
reduced hospitalizations and could be appropriate in patients 
with multiple admissions for GIB.

Modifications to patient regimens such as reduction in 
aspirin dose, reduction in goal INR, and changes in CF-LVAD 

Table 3. Patient Management Parameters Pre-LAR and Post-LAR

Interventions Pre-LAR Post-LAR p

Recurrent bleeding management
Reduced aspirin dose (<325 mg), n (%) 18 (56.2) 25 (78.1) 0.04
Aspirin, n (%)    
 None 8 (25.0) 18 (56.2) 0.04
 81 mg 9 (28.1) 7 (21.9)
 162 mg 1 (3.1) 0 (0)
 325 mg 14 (43.8) 7 (21.9)
Reduced INR goal ( INR range 2–3), n (%) 19 (59.4) 26 (81.3) 0.02
Dose of LAR (mg), median, [interquartiles]  30.0 [20.0–40.0]  
Dose frequency of LAR (days), median, [interquartiles]  28 [21–28]  
Angiotensin-converting enzyme inhibitor/angiotensin II receptor antagonist use, n (%) 19 (59.4) 15 (46.9) 0.22
Digoxin use, n (%) 4 (12.5) 5 (15.6) 1.00
CF-LVAD support parameters and durations
Reduced CF-LVAD rotations per minute, n (%)  3 (9.4)  
Patient follow-up (days), mean ± SE 393.5 ± 73.6 470.3 ± 57.8 0.4
Outcome measures
Patients with recurrent GIB, n (%) 32 (100) 13 (41) <0.01
Number of GIB median, [interquartiles] 2.0 [1–3] 0 [0–1] <0.01
Frequency of GIB per year, median, [interquartiles] 2.95 [1.2–5.7] 0 [0–1.4] <0.001

CF-LVAD, continuous-flow left ventricular assist device; GIB, gastrointestinal bleed; INR, international normalized ratio; LAR, long-acting release.

Figure 2. Frequency of GIB pre-LAR and post-LAR. GIB, gastrointestinal bleed; INR, international normalized ratio.
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settings have been utilized in an attempt to reduce the fre-
quency of GIB; however, these treatments may increase the 
risk for thrombotic events.15,16 Use of octreotide in this popu-
lation may decrease readmissions rates and increase days 
spent out of the hospital.11 There are several inherent limita-
tions in this study. This was a retrospective single-center and 

relatively small study, including 32 patients that received 
LAR at our center. On average, these patients had at least 
2 GIB before initiation of octreotide when adjustments in 
aspirin dose and target INR failed to prevent recurrent GIB. 
This leads to a selection bias, identifying only patients with 
the most frequent GIB who failed conventional therapies. 
Another limitation would include simultaneous medication 
interventions such as reduced aspirin doses or INR goals, 
which confounds the impact of LAR on our results. There 
were additional gastrointestinal interventions concurrently 
performed on these patients when a source of bleeding was 
found that could also impact the results. Additionally, the 
changes in clinical practice over the long study time frame 
cannot be taken into account. Our results should be con-
sidered in the context of the refractory population studied. 
Efforts were taken to identify and eliminate confounders to 
prevent impact on results.

Conclusion

Overall, our study demonstrates that LAR is associated 
with a significant decrease in the frequency of GIB in high-
risk patients with CF-LVADs. This study adds to prior litera-
ture and adds insight with additional follow-up time and the 
inclusion of the Heartmate III. Future prospective studies, 
including a randomized controlled trial, are needed to vali-
date these findings.

Table 4. Overall F-Tests From the Mixed Modeling Full  
Factorial ANOVA

Variable F Sig

Intercept 42.0 1
Octreotide 24.47 <0.01
INR reduction (yes/no) 0.04 0.85
Aspirin reduction (yes/no) 0.39 0.54
INR × aspirin 0.07 0.79
Octreotide × INR 1.77 0.20
Octreotide × aspirin 0.02 0.89
Octreotide × INR × aspirin 0.01 0.93

INR, international normalized ratio.

Table 5. Estimated Magnitude of Main Effects

Variable Estimate 95% CI p

Octreotide −0.31 −0.43 to −0.18 <0.01*
INR reduction (yes/no) −0.014 −0.16 to 0.14 0.85
Aspirin reduction (yes/no) −0.046 −0.20 to 0.10 0.54

INR, international normalized ratio.

Figure 3. Kaplan–Meier graph displaying freedom from GIB. GIB, gastrointestinal bleed.
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