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Abstract

Introduction: Severe spontaneous bleeding is a significant complication in patients with continuous flow left
ventricular assist devices; there is little evidence on endovascular treatment to support its use.

Materials and methods: We observed seven patients (five men, two women, age 43–67 years) with
continuous flow left ventricular assist devices on antiaggregant/coagulant therapy, admitted to our hospital
for uncorrectable symptomatic anemia; CT-angiography and diagnostic angiography confirmed the presence
of atraumatic arterious bleeding from the gastrointestinal tract (six patients), from the intercostal artery and
from the bronchial tree (one patient).

Results: All patients where successfully treated via an endovascular approach with superselective embolization
of the involved arterial branches with coils and particles.

Conclusion: Spontaneous atraumatic bleeding is a frequent complication in patients with continuous flow left
ventricular assist devices; endovascular treatment represents a promising alternative to the surgical approach
as it is less invasive, easily repeatable and associated to a reduced procedural risk.

Introduction
In recent years, the growing number of patients with ad-
vanced heart failure, the limited availability of donor or-
gans and the continuous improvements of the devices
have led to a marked acceleration in the use of left ven-
tricular assist devices (LVADs) as bridge to transplant,
for destination therapy (ie, permanent support in pa-
tients who are not candidates for transplant), but also as
a bridge to myocardial recovery (ie, temporary support
in patients in whom the heart is expected to recover
after an acute, reversible cardiac injury) (Kirklin et al.
2017; Carrozzini et al. 2019a, 2019c; Carrozzini et al.
2018; Todisco et al. 2018).

Last generation of continuous-flow left ventricular
assist devices (CF-LVADs) has demonstrated en-
hanced reliability and durability, leading to satisfac-
tory long-term survival and improved quality of life
of patients for extended periods of support. Yet,
their use is associated to a risk of complications,
including infection, device malfunction, arrhythmias,
right ventricular failure, thromboembolic disease,
and post-operative nonsurgical bleeding (Gurvits
et al. 2017).
Spontaneous atraumatic bleeding, which in most pa-

tients originates from the gastrointestinal tract, is a
significant complication in patients carrying CF-
LVADs and is the most common reason for readmis-
sion; it is estimated that this complication involves
about half of patients within 1 year of CF-LVAD
placement (Mehta et al. 2015). That is due to the
combination of antiplatelet and vitamin K antagonist
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therapy, activation of fibrinolytic pathway, acquired
von Willebrand factor deficiency, and tendency to de-
velop angiodysplasias and gastrointestinal arterioven-
ous malformations due to increased rotary speed of
the pump (Gurvits et al. 2017; Sieg et al. 2017; Kang
et al. 2017).
In order to generate evidence to support endovascular

treatment of this patient cohort, we show a case series of
our experience in treatment of this condition via an
endovascular approach.

Materials and methods
We reviewed all consecutive patients carrying CF-
LVAD who were hospitalized in our centre for severe
anaemia between April 2014 and February 2019. The
indication for the implantation of CF-LVAD was
detailed.
All patients at the time of the bleeding were on anti-

platelet and/or anticoagulant therapy (vitamin K antag-
onist or new oral anticoagulant NOAC).
Arterial access was conducted by ultrasound guidance,

after identification of the common femoral artery: in
these patients it was obviously not possible to find the
arterial pulse due to the presence of continuous flow
stimulated by the device.
In all patients, after diagnostic angiography, super-

selective catheterization of the involved arterial
branches was performed by the use of micro-
catheters (Progreat, Terumo, Tokyo, Japan), with
subsequent embolization with permanent particulate
embolization material (Contour emboli, Boston Sci-
entific, Natick, MA, USA), between 150 μm and
710 μm) and microcoils (Tornado, Cook, Blooming-
ton, IN, USA and Concerto, ev3, Covidien, Play-
mouth, MA, USA), or with resorbable particulate
embolizing material (Spongostan, Johnson & Johnson
Ethicon Inc., New Brunswick, NJ, USA).

In all cases we have chosen to leave the arterial intro-
ducer in place at the end of the procedure to allow more
rapid intervention in the event that re-treatment was ne-
cessary; after 24–72 h from the procedure we removed
the arterial introducer by performing manual compres-
sion on the access site.
All procedures were conducted under local anesthesia

(lidocaine 2%), with non-invasive monitoring of the
vital signs.

Results
We collected 7 consecutive patients (5 men and 2
women; median age, 57 years; age range, 43–67 years)
with CF-LVAD which were referred to our centre for
embolization of atraumatic active arterial bleeding from
April 2014 to February 2019. Mean time from surgery
was 38 days (range, 8–113 days).
Indication for implantation of CF-LVAD was severe

ischemic heart failure (6 cases) and primary dilated
cardiomyopathy (1 case).
Antiplatelet and/or anticoagulant therapy type and

dose, and coagulation parameters were specified in
Table 1.
Six patients presented spontaneous bleeding originat-

ing from the gastrointestinal tract, while one patient had
intercostal and bronchial bleeding.
All patients presented acute anaemia and underwent

CT-angiography with the diagnosis of atraumatic active
arterial bleeding. Diagnostic angiography, performed
after CT, confirmed the presence of bleeding from
branches of the superior mesenteric artery directed to
the ascending colon-cecum (3 cases) (Figs. 1, 2, 3, 4), to
the last ileal loop (1 case) and to the descending colon
(1 case), from branches of the pancreatic-duodenal ar-
tery (1 case) and from the IX intercostal right artery (1
case) (Figs. 5, 6).

Table 1 Patients cohort with antithrombotic therapy and coagulative profile at the time of bleeding (* second bleeding)

PATIENT N° AGE (years) SEX (M/F) THERAPY (drug (dose)) International Normalized
Ratio (INR)

Prothrombin
Time (PT) (%)

Activated Partial
Thromboplastin Time
(APTT) (s)

1 67 M Warfarin 1,13 64 43

2 43 M Fondaparinux (5 mg/day) 1,56 38 40

3 49 M Aspirin (160mg/day) and
Fondaparinux (5 mg/day)

1,28 52 24

4 59 F Aspirin (100mg/day) and
Fondaparinux (2,5 mg/day)

1,10 67 26

5 63 M Aspirin (100mg/day) and
Fondaparinux (2,5 mg/day)

1,16 79 28

6 65 M Fondaparinux (2,5 mg/day) 1,04 94 38

7 53 F Fondaparinux (2,5 mg/day) 1,09 84 32

1,05* 92* 39*

* indicates the coagulation values of patient 7 during the second bleeding episode
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Different embolization matherials were used (par-
ticulate and microcoils in 6 cases; resorbable particu-
late in 1 case).
After the procedure only one patient needed a re-

treatment after three days, with prompt resolution of
the bleeding, while the others remained hemodynamically
stable.
One patient had a new episode of arterial bleeding in

another location (bronchial artery) twenty-one days after

the first embolization, which was also successfully
treated by superselective embolization.
None of the examined patients presented post-

procedural complications related to the embolization
procedure.
Currently, of these seven patients, two were transplanted,

four were in stable condition waiting for transplant, and one
died due to causes unrelated to the interventional procedure.

Discussion
Severe atraumatic bleeding, especially of gastrointes-
tinal origin, is an important and frequent complica-
tion of CF-LVAD therapy; the management requires
a multidisciplinary approach. The history and phys-
ical exam should suggest the initial site of bleeding:
patients with hematemesis or melena should be con-
sidered to have upper gastrointestinal bleeding and
should undergo upper endoscopy (Gurvits et al.
2017), while patients with hematochezia can be in-
vestigated for suspected lower gastrointestinal bleed-
ing, with the initial examination being colonoscopy
(Carrozzini et al. 2019b). When endoscopy is incon-
clusive, other exams are necessary. CT can be used
to identify LVAD-related bleeding complications and
it is often diagnostic also for non-gastrointestinal
bleeding, such as pericardial, pleural, abdominal wall,
retroperitoneal and intracranial hemorrhage (Carrozzini
et al. 2019a).
The management of gastrointestinal bleeding in pa-

tients with CF-LVAD is predominantly medical, with
reduction of anticoagulation, and administration of
concentrated red blood cells, octreotide and proton-
pump inhibitors, although the data regarding their
overall efficacy remain sparse (Sieg et al. 2017). If these
treatments are not effective, surgery is considered, even

Fig. 1 Coronal CT-angiography image shows active arterial bleeding
in the cecum

Fig. 2 (a) Diagnostic angiography confirmed the presence of bleeding from branches of the superior mesenteric artery directed to the cecum.
(b) Angiography image shows the absence of active bleeding at the end of the procedure
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if the surgical and anesthetic risk of these patients is
considerably increased by their coagulation defects and
by the presence of important comorbidities (Guha et al.
2015). Endovascular therapy is obviously less invasive
with less anesthesia risk, and can be performed on pa-
tients unfit for surgery, as is often the case in those
with cardiac disorders; moreover it is a repeatable and
poorly invasive procedure.
As previously mentioned, these patients have a high

risk of bleeding due to antithrombotic therapy and other
pathophysiological mechanisms due to the continuous
flow of the cardiac device; antithrombotic therapy can

be corrected if overdosed, but usually not interrupted.
This obviously makes the endovascular approach advan-
tageous compared to the surgical one, because it re-
quires just a small arteriotomy (4 or 5 French in our
experience) without increasing the risk of further an-
aemia via access site wound.
The inability to suspend anticoagulant therapy affects

the choice of embolics agents as some (eg coils) may not
be as effective as others (eg gelfoam, NBCA); in most
cases, in fact, we have chosen to combine the injection
of permanent particulate embolization material with
microcoils.
Few studies are available about the effectiveness of

interventional radiology procedures in CF-LVAD pa-
tients: a case of Morito and others (Morito et al. 2014)
reports the successful endovascular treatment of a pa-
tient with a cerebral hemorrhage caused by ruptured
cerebral aneurysms, detected by angiography; the clinical
study by Metha et al. (Mehta et al. 2015) reports that pa-
tients with LVADs presenting with gastrointestinal
bleeding have fewer successful embolizations and a
higher rate of clinical failure than the control group of
patients.
In our experience the diagnostic angiography, per-

formed after a positive contrast enhancement-CT, iden-
tified the bleeding site in 100% of cases. In 6/7 (85,7%)
patients the embolization procedure performed immedi-
ately after the diagnostic angiography was therapeutic,
with normalization of hemoglobin values and rapid re-
covery; only 1/7 (14,3%) patient was again subjected to
embolization 21 days later, with a successful procedure.
No patient presented complications.
Of course there are potential problems with endo-

vascular approach. At the end of the procedure it is
possible that, due to the anticoagulation, difficulties

Fig. 3 Axial CT-angiography image shows active arterial bleeding in
the ascending colon

Fig. 4 (a) Diagnostic angiography confirmed the presence of bleeding from branches of the superior mesenteric artery directed to the ascending
colon (black arrow). (b) Angiography image shows the absence of active bleeding at the end of the procedure
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occur in the closure of the arteriotomy with the con-
sequent need for closing devices: however in our ex-
perience the small caliper of the arteriothomy, a
prolonged manual compression on the access site and
the immobilization of the limb for the next 24 h were
sufficient for the closure of the arteriotomy. In the
case of intermittent bleeding it can happen that dur-
ing the arteriography the spread of contrast medium
is not evident: in our series the superselective arteri-
ography of the branches previously identified at the
CT-angiography always identified the sites of the

bleeding, but in the case where this eventuality occurs
we believe that a multidisciplinary approach with cli-
nicians and surgeons is needed before proceeding
with prophylactic embolization. Finally, as in all cases
of gastrointestinal embolization, one of the most
feared complications is the bowel infarction with sub-
sequent need for surgical resection, further compli-
cated in these cases by the high risk of bleeding and
anesthesiology: fortunately this did not occur in our
patients; however, we believe that the superselective
embolization of the only branches responsible for
bleeding reduces this risk.
Certainly not all sources of bleeding in CF-LVAD pa-

tients are susceptible to endovascular treatment. Medias-
tinal bleeding often occurs in the first week after
implantation of the device, in most cases due to surgical
complications (Nascimbene et al. 2016) and for this rea-
son they are better controlled with the surgical ap-
proach; non-surgical bleeding, instead, usually arises
later, in distant site bleeds and at the site of arterioven-
ous malformations: these are the cases in which the
endovascular approach should be considered as the first
line treatment.

Conclusion
In conclusion, our opinion is that the urgent endovascu-
lar treatment of spontaneous bleeding in patients with
continuous-flow left ventricular assist devices is an ef-
fective life-saving procedure and a valid alternative to
more invasive and risky procedures, especially if carried
out by expert interventional radiologists and after ad-
equate selection of patients through preliminary CT
study. More studies with a greater number of patients
are needed to validate the technique.

Fig. 5 Axial CT-angiography image shows active arterial bleeding in
the thorax from the IX intercostal right artery

Fig. 6 (a) Diagnostic angiography confirmed the presence of bleeding from the IX intercostal right artery. (b) Angiography image shows the
absence of active bleeding at the end of the procedure

Bernardinello et al. CVIR Endovascular            (2019) 2:40 Page 5 of 6



Abbreviations
CF-LVAD: continuous-flow left ventricular assist devices; LVAD: left ventricular
assist devices; NOAC: new oral anticoagulant

Acknowledgements
Not applicable.

Authors’ contributions
VB, GB, MB, CD and RS contributed to the interventional radiological part of
the study, while GF, JB, MC, VT, GG and TB contributed to the cardiac surgery
part of the text. All authors read and approved the final manuscript.

Funding
There has been no significant financial support for this work.

Availability of data and materials
The datasets used and/or analysed during the current study are available
from the corresponding author on reasonable request.

Ethics approval and consent to participate
All procedures were performed without a formal review by the local institutional
review board (IRB) because for all patients the treatment was performed urgently,
not for study purposes but because it was considered the best therapeutic
opportunity. However, of course, all patients gave their consent to the procedure.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1Department of Medicine DIMED, Institute of Radiology, Via Giustiniani 2,
35128 Padova, Italy. 2Radiology, M. Bufalini Hospital, Viale Ghirotti 286, 47521
Cesena, Italy. 3Department of Cardio-Thoracic Vascular Sciences and Public
Health, Cardiac Surgery, Via Giustiniani 2, 35128 Padova, Italy.

Received: 30 August 2019 Accepted: 18 November 2019

References
Carrozzini M, Bejko J, Gambino A et al (2018) Results of new-generation

intrapericardial continuous flow left ventricular assist devices as a bridge-to-
transplant. J Cardiovas Med (Hagerstown) 19(12):739–747. https://doi.org/10.
2459/JCM.0000000000000721

Carrozzini M, Bejko J, Gerosa G et al (2019a) Bilateral mini-thoracotomy approach
for minimally invasive implantation of HeartMate 3. Artificial Organs Jun
43(6):593–595. https://doi.org/10.1111/aor.13387

Carrozzini M, Bejko J, Gregori D et al (2019b) How to implant the Jarvik 2000
post-auricular driveline: evolution to a novel technique. J Artificial Organs
(Apr 22). https://doi.org/10.1007/s10047-019-01104-8

Carrozzini M, Bejko J, Guariento A et al (2019c) Minimally invasive implantation of
continuous flow left ventricular assist devices: the evolution of surgical
techniques in a single-center experience. Artificial Organs Mar 43(3):E41–E52.
https://doi.org/10.1111/aor.13339

Guha A, Eshelbrenner CL, Richards DM et al (2015) Gastrointestinal bleeding after
continuous-flow left ventricular device implantation: review of
athophysiology and management. Methodist Debakey Cardiovasc J 11(1):24–
27. https://doi.org/10.14797/mdcj-11-1-24

Gurvits GE, Fradkov E, Grigoriy E (2017) Bleeding with the artificial heart:
gastrointestinal hemorrhage in CF-LVAD patients. World J Gastroenterol
23(22):3945–3953. https://doi.org/10.3748/wjg.v23.i22.3945

Kang J, Hennessy-Strahs S, Kwiatkowski P et al (2017) Continuous-flow LVAD
support causes a distinct form of intestinal Angiodysplasia. Circ Res 121:963–
969. https://doi.org/10.1161/CIRCRESAHA.117.310848

Kirklin JK, Pagani FD, Kormos RL et al (2017) Eighth annual INTERMACS report:
special focus on framing the impact of adverse events. J Heart Lung
Transplant 36(10):1080–1086. https://doi.org/10.1016/j.healun.2017.07.005

Mehta A, Kim S, Ahmed O et al (2015) Outcomes of patients with left ventricular
assist devices undergoing mesenteric angiography for gastrointestinal bleeding.
J Vasc Interv Radiol 26:1710–1717. https://doi.org/10.1016/j.jvir.2015.07.026

Morito H, Nishimura T, Ando M et al (2014) Endovascular treatment of cerebral
hemorrhage in a patient with a left ventricular assist device: report of a case.
Surg Today 44:957–960. https://doi.org/10.1007/s00595-012-0479-z

Nascimbene A, Neelamegham S, Franzier OH et al (2016) Acquired von
Willebrand syndrome associated with left ventricular assist device. Blood
127(25):3133–3141. https://doi.org/10.1182/blood-2015-10-636480

Sieg AC, Moretz JD, Horn E et al (2017) Pharmacotherapeutic Management of
Gastrointestinal Bleeding in patients with continuous-FlowLeft ventricular assist
devices. Pharmacotherapy 37(11):1432–1448. https://doi.org/10.1002/phar.2016

Todisco M, Gasparetto A, Dengo C et al (2018) Embolizzazione in urgenza di
sanguinamenti gastrointestinali spontanei in pazienti portatori di assistenza
ventricolare sinistra a flusso continuo. G Ital Radiol Med 5:316–319

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Bernardinello et al. CVIR Endovascular            (2019) 2:40 Page 6 of 6

https://doi.org/10.2459/JCM.0000000000000721
https://doi.org/10.2459/JCM.0000000000000721
https://doi.org/10.1111/aor.13387
https://doi.org/10.1007/s10047-019-01104-8
https://doi.org/10.1111/aor.13339
https://doi.org/10.14797/mdcj-11-1-24
https://doi.org/10.3748/wjg.v23.i22.3945
https://doi.org/10.1161/CIRCRESAHA.117.310848
https://doi.org/10.1016/j.healun.2017.07.005
https://doi.org/10.1016/j.jvir.2015.07.026
https://doi.org/10.1007/s00595-012-0479-z
https://doi.org/10.1182/blood-2015-10-636480
https://doi.org/10.1002/phar.2016

	Abstract
	Introduction
	Materials and methods
	Results
	Conclusion

	Introduction
	Materials and methods
	Results
	Discussion
	Conclusion
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

