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A B S T R A C T

Despite the rapid development of diagnostic and therapeutic modalities and techniques to manage LGIB patients
from interventional radiology’s standpoint, a successful localization of the bleeding site that leads to an effective
embolotherapy remains a significant technical challenge. The interventional radiologist’s decisions when man-
aging patients with LGIB may significantly impact the clinical outcomes; therefore, management should be made
based on careful and thorough considerations of factors such as etiology, locations, patient’s comorbidities, and
potential post-procedure complications, among others. The purpose of this paper is to review the management of
LGIB by interventional radiology, focusing on a few challenging and common clinical situations that require
special consideration by interventional radiologists.
1. Introduction

Lower gastrointestinal bleeding (LGIB) refers to bleeding originating
from the gastrointestinal tract distal to the ligament of Treitz, thus
including the small intestine, colon, rectum or anus. LGIB accounts for
approximately 20%–25% of all gastrointestinal hemorrhages, with a re-
ported annual incidence of 21–27 per 100,000 populations, and a mor-
tality rate of 2–4% in North America.1–3 Currently, conventional
treatment options for LGIB include endoscopic therapy, transcatheter
arterial embolization, and surgery. Colonoscopy is considered the best
management tool for patients with chronic and intermittent LGIB but is
less reliable when treating patients with severe, life-threatening hema-
tochezia due to inadequate visualization caused by inadequate bowel
preparation or active bleeding. Indications for emergent surgery include
life-threatening bleeding in patients who fail endoscopy and emboliza-
tion treatments, generally as a last resort treatment option given the
much higher rates of morbidity and mortality.4,5

With the development of coaxial microcatheters, super-selective
embolization has emerged as a viable treatment option for LGIB and
has demonstrated many advantages compared to endoscopic or surgical
treatments.6 By using appropriate embolic agents, hemostasis in the
lower gastrointestinal tract can be achieved rapidly and safely by
decreasing arterial perfusion pressure to the bleeding site without
causing complete devascularization.6 Thus, it has been widely used to
treat acute and life-threatening LGIB and has become the treatment of
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choice in many cases.
Despite the rapid development of diagnostic and therapeutic modal-

ities and techniques to manage LGIB patients from interventional radi-
ology’s standpoint, a successful localization of the bleeding site that leads
to an effective embolotherapy remains a significant technical challenge.
The interventional radiologist’s decisions when managing patient’s with
LGIB may significantly impact the clinical outcomes, therefore, man-
agement should be made based on careful and thorough considerations of
factors such as etiology, locations, patient’s comorbidities, and potential
post-procedure complications, among others. The purpose of this paper is
to review the management of LGIB by interventional radiology, focusing
on a few challenging and common clinical situations that require special
considerations by interventional radiologists.

2. Angiographically occult LGIB and prophylactic embolotherapy

One of the most significant clinical challenges for interventional ra-
diologists to manage LGIB is angiographically occult bleeding. In past
decades there has been a significant evolution in the diagnostic and
treatment modalities used to manage these patients by gastroenterolo-
gists, radiologists, and surgeons. However, the primary challenge of LGIB
management remains the identification of the source rather than the
treatment of bleeding.7 Accurate detection of LGIB by angiography re-
quires a reported bleeding rate of at least 1 ml/min8, thus a negative
angiography is common in patients with LGIB given the intermittent
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nature of bleeding. The overall yield of angiography for the detection of
LGIB source ranges widely with success rates reported from
40%-78%.9,10 For bleeding patients without an identifiable angiographic
source, a super-selective embolization is generally performed, and
treatment options become very limited and challenging. If the patient
remains hemodynamically stable, observation with supportive treatment
is usually selected, despite a high rebleeding rate in untreated LGIB,
especially when bleeding from diverticular disease or angiodysplasia.11

Once the bleeding recurs, the mortality rate may approach 30%.6 If the
patient becomes hemodynamically unstable, emergency surgery may be
indicated, with mortality rates as high as 33–57%.4,5

Provocative angiography may improve the diagnostic yield for LGIB.
Several studies have reported that following a nonlocalized angiography,
bleeding can be induced by using systemic heparinization and selective
injection of a vasodilator with a thrombolytic.12–14 However, this
approach remains controversial due to concerns of inducing uncontrolled
bleeding and is usually reserved for LGIB patients with repeatedly
negative angiographies.15 In upper gastrointestinal bleeding (UGIB),
prophylactic embolization has proven to be effective.16,17 For example,
Lang et al.16 reported successful treatment of massive UGIB by prophy-
lactic embolization of the left gastric artery. Theoretically, prophylactic
embolization could be a feasible alternative to treat angiographically
occult LGIB as well, if source localization by pre-angiographic imaging
studies such as nuclear scintigraphy or CT angiogram is sufficiently ac-
curate. Few studies have been conducted to evaluate the efficacy of
prophylactic embolization in LGIB to date. There are multiple factors for
this paucity of data. LGIB is only one-fifth to one-third as common as
UGIB. It generally has a more indolent clinical presentation and spon-
taneously stops in 80%–85% cases.2 Second, the left gastric artery is
reported to be responsible for approximately 85% of the UGIB cases.18

The extensive collateral blood supply to the upper GI tract also allows
relatively safe embolization of suspected vessels with low risk of
end-organ ischemia. The bowel distal to the ligament of Treitz (except for
the rectum) does not have a dual blood supply.19 The left gastric artery
may be empirically embolized in the correct clinical setting, and there is a
high likelihood of treating the bleeding source.20 Conversely, in angio-
graphically occult bleeding within the lower GI tract, the end organ
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arterial distribution renders prophylactic embolization hazardous by
producing bowel ischemia.

Our group recently conducted a retrospective study including 126
patients of LGIB for with mesenteric angiography performed during a 10
years period.21 Approximately one-third of the initial mesenteric angi-
ographies demonstrated no identifiable bleeding source. Subsequently, a
total of 18 patients underwent 24 prophylactic embolization procedures
based on the pre-angiographic localization by nuclear scintigraphy.
When compared to the angiographically occult LGIB patients who had no
interventions, the patients who had prophylactic embolotherapy were
found to have significantly decreased bleeding recurrence without
increased risk of post-embolization bowel infarct, suggesting that pro-
phylactic embolotherapy of LGIB may be valuable and safe in selected
clinical populations. Future studies need to be performed to verify the
safety and efficacy of prophylactic embolotherapy for angiographically
occult LGIB, with focus on bleeding etiologies, anatomic location,
comorbidities, and embolization techniques/agents (Fig. 1).

Pre-angiographic localization of LGIB is crucial for an effective pro-
phylactic embolization of LGIB. Mesenteric angiography with potential
embolization typically follows a positive pre-angiography Tc-99M RBC
scan or CT angiogram, and occasionally both.14,15 If the initial mesenteric
angiogram is negative, the decision is usually to observe and continue
conservative treatment (16). However, our study suggested that with a
sufficiently precise pre-angiography localization of the bleeding source, a
prophylactic embolization can be performed to prevent recurrent
bleeding effectively and may not increase the risk of bowel infarct
compared to super-selective embolization. Although the American Col-
lege of Radiology Appropriateness Criteria rates Tc-99M red blood cell
(RBC) scintigraphy and CT angiogram equally appropriate, it remains
controversial that which one is superior for pre-angiography screening in
LGIB patients. Tc-99M RBC scan has been reported as a more sensitive
test compared to CT angiogram, detecting bleeding at rates of as low as
0.1–0.4ml/min, whereas CT angiogram is reported to be sensitive for
source detection with rates of at least 0.5ml/min22. Importantly,
Tc-99M RBC scintigraphy is helpful for intermittent bleeding because
imaging is performed continuously during a 1–2 h period. As a result,
scintigraphic screening increases the diagnostic yield of mesenteric
Fig. 1. (A-E), 49 years old male has anti-
coagulation related lower GI bleeding. A. SMA
arteriogram showed significant tissue stain/
contrast extravasation, indicating active
bleeding at the proximal jejunum (arrow). B.
Sub-selective jejunal branch of SMA showed
significant tissue stain, consistent with find-
ings of angiodysplasia. C. Status post sub-
selective micro-coils and Gel-foam slurry
embolization of the jejunal branch of SMA
with minimal residual tissue stain (arrow).
D. CT angiogram one day post first emboli-
zation: active contrast extravasation again
noted at proximal jejunum (arrow). E.
Repeat mesenteric angiography: active
bleeding localized from different segmental
jejunal artery (arrow). F. Successful trans-
catheter embolization with micro-coils
(arrow) with no further bleeding and
complications.
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angiography in patients who are not actively bleeding at the time of
examination.23 However, a significant limitation for Tc-99M RBC scin-
tigraphy is its poor ability to precisely localize the bleeding source,
whereas a positive CT angiogram’s high spatial resolution may provide a
clear roadmap to target angiography.19,22 Our institutional protocol for
patients with clinical suspicion of LGIB, with or without a prior colo-
noscopy, is to perform a Tc-99M RBC scintigraphy before angiography.
CT angiogram may be performed on the basis of an equivocal Tc-99M
RBC scan to more precisely obtain pre-angiography localization of the
bleeding source. Following a positive pre-angiography screening, it is
critical to perform an angiography as quickly as reasonably possible, to
increase the yield of angiography as suggested by literature.23 Future
studies on prophylactic embolization treating LGIB should include eval-
uations of screening CT angiogram on its role of providing precise
anatomic information of the bleeding source, which possibly results in
safer and more effective prophylactic embolotherapy.

3. Management of LGIB in anticoagulation and LVAD recipients
by interventional radiology

In the past decade, anticoagulation therapy has become a common
therapy for variety patients, and also, a rapidly growing population of
patients with end-stage heart disease have undergone left ventricular
assist device (LVAD) implantation due to organ shortage. Currently,
second generation LVAD - continuous-flow LVAD (CF LVAD) is widely
used. Compared to first generation LVAD which were pulsatile volume-
displacement devices, CF LVAD provides improved reliability and al-
lows implantation in smaller patients,24 expanding the eligible patient
population.

LGIB is a significant adverse event following LVAD implantation, its
incidence in LVAD recipients is reported to range from 17.6%-40%.25,27

The higher risk does not appear entirely attributable to the aggressive
anticoagulation therapy associated with LVAD use. A recent study
showed a higher rate of GIB in LVAD recipients compared with patients
receiving anticoagulation for cardiac valve replacement surgery.28 The
underlyingmechanism to account for increased bleeding risk beyond that
of anticoagulation therapy remains unclear. Factors such as altered he-
modynamics, reduced pulsatility, association with arteriovenous mal-
formation (AVM), and acquired von Willebrand disease have been
proposed as possible mechanisms.25,29,30

The most common etiology for LGIB in anticoagulation and LVAD
recipients is intestinal angiodysplasia.31,32 Angiodysplasia is a type of
AVM with ectatic mucosal capillaries in the intestine wall, communi-
cating with dilated and tortuous submucosal veins. The abnormal vessels
may be single or multiple, with 80% of these lesions located in the right
colon and cecum.22,33 Angiodysplasia is uncommon in young patients. In
patients older than 65, angiodysplasia is reported as an identifiable
source of bleeding in 20% of LGIB cases. Approximately 15% of patients
with angiodysplasia will suffer from massive bleeding.11,34,35 Angio-
dysplasia also has an increased prevalence in patients with certain pre-
disposing conditions, such as end-stage renal disease,36 von Willebrand
disease,37 and aortic stenosis.38 In LVAD patients the reduction of pul-
satility of blood flow is thought to cause intestinal hypoperfusion and
therefore lead to the development of angiodysplasia. Interestingly, most
recipients of LVAD also developed acquired von Willebrand syndrome as
demonstrated by reduced high-molecular-weight von Willebrand factor
multimer levels.39 It has been hypothesized that patients with Heyde
syndrome, which refers to an association between aortic valve stenosis
and GIB, may share similar pathophysiology with those LVAD recipients
who suffer GIB. The etiology of Heyde syndrome is thought to be related
to intestinal angiodysplasia and acquired von Willebrand syndrome.40,41

In patients with Heyde syndrome, stenotic aortic valve causes decreased
pulsatility with an associated risk of angiodysplasia as well as the
destruction of von Willebrand factor multimers proteins due to me-
chanical shearing at the stiffened valve, leading to the development of
acquired von Willebrand syndrome and subsequent increased risk of
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GIB.42,43 Patients with a LVAD likely share similar pathophysiology as
the device may affect similar hearing forces by the impeller
mechanism.44–46

Currently, the first-line treatment for angiodysplasia is endoscopic
interventions. In some patients with LVAD, despite repeated endoscopic
interventions, no definitive cure can be obtained.43 Clinical manage-
ment of LGIB in LVAD recipients by interventional radiology has
therefore remained an essential adjunctive therapy. Angiodysplasia
presents with multiple lesions in more than 50% cases, most commonly
in the cecum and right colon on the antimesenteric border, so it is a
frequently identifiable bleeding source in LGIB.47 Bleeding from
angiodysplasia stops spontaneously in the majority of the cases, how-
ever in approximately 15% of the patients it can be life-threatening, and
requires immediate and appropriate management to achieve hemosta-
sis. Recurrent angiodysplastic bleeding is also associated with an
increased mortality rate. Particularly in patients with LVAD, a recurrent
GIB may necessitate multiple blood transfusions, leading to the devel-
opment of circulating antibodies, which subsequently reduces the
probability of an organ donor match and simultaneously raises the risk
of cellular rejection after heart transplantation and transfusion
incompatibility.48

To our knowledge, few clinical studies have been performed by far
to address the outcomes of patients with LVAD induced LGIB. Mehta
et al. recently conducted a retrospective study including both upper and
lower GIB patients in LVAD recipients, to evaluate clinical outcomes
following mesenteric angiography.49 They observed a lower rate of a
positive angiograms, decreased embolization efficacy, higher rates of
repeat angiography procedures, and prolonged length of stay in GIB
patients with LVADs. Further, they reported this patient population had
higher rates of clinical failure following interventional radiology
management, with a more frequent need for subsequent surgical
intervention, compared to those without LVADs. More recently, a
retrospective study was performed by our group to investigate the
clinical outcome following superselective transarterial embolization as
well as prophylactic embolotherapy of LGIB in LVAD recipients in
comparison to patients in which no embolization was performed.50

Focusing only on LGIB, we found bleeding in LVAD recipients is more
likely to be angiographically occult, therefore leading to more frequent
prophylactic embolizations based on pre-procedural imaging compared
to patients without LVADs. Our study also suggested that transarterial
embolization has a lower success rate in treating LGIB in LVAD re-
cipients, whereas prophylactic embolotherapy might be useful and safe
when treating angiographically occult LGIB in this particular patient
group (Fig. 2).

More future studies, ideally including prospective investigations with
larger sample size on LGIB in LVAD recipients, should be performed to
verify the findings from the limited numbers of prior studies, and to
confirm that LGIB in LVAD recipients is a distinct entity from bleeding in
patients receiving anticoagulation therapy. The incidence of bowel
ischemia following embolotherapy in LVAD recipients is an important
topic given LGIB in LVAD recipients tends to recur and therefore needs
repetitive embolizations. Bowel infarct is the most feared complication
following arterial embolization therapy in LGIB patients, and usually
requires surgical bowel resection. Its incidence is estimated as 1.3%–

5%.51,52 Risk of infarct is directly proportional to the extent of vascular
territory embolized.15 Bowel ischemia occurs more often in the colon,
because in contrast to the small intestine, the colon may have limited
collateral flow through an incomplete marginal artery system on the
colon wall.53Within the large bowel, the cecum has the longest vasa recta
with limited distal collaterals. These specific arterial anatomical ar-
rangements may further predispose the cecum to ischemia.54 Future
studies should specifically give attention to cecal bleeding in LVAD re-
cipients, to address the potential higher risk of bowel infarct following
embolotherapy. If confirmed, cecal branches should be approached with
greater caution when embolization of cecal bleeding is considered. Given
the increasing LVAD use and its strong association with LGIB,



Fig. 2. (A–J), 72 years old female, s/p LVAD, with anticoagulation related LGIB. A, nuclear scintigraphy: Bleeding at distal ileum (arrow); B-D Mesenteric angiog-
raphy: no active bleeding localized. Prophylactic trans-catheter embolization of two branches of ileal artery with coils was done (arrows); E, s/p prophylactic coil
embolization 1 week after. nuclear scintigraphy showed again bleeding at distal ileum (arrow); F–H, Mesenteric angiography again showed no signs of active bleeding.
Additional prophylactic trans-catheter embolization of more branches of ileal artery with coils was performed (arrows); I, despite repeat prophylactic embolization,
contrast enhanced CT scan showed no signs of bowel ischemia or infarction; J, abdominal scout picture showed left ventricular assisted device (arrow).
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transcatheter arterial embolization and prophylactic embolotherapy by
interventional radiologists may play an increasingly important role in
this specific and challenging patient population.

4. Conclusion

Future studies need to be performed to verify the safety and efficacy
of prophylactic embolotherapy for angiographically occult LGIB, with
focus on bleeding etiologies, anatomic location, comorbidities, and
embolization techniques/agents. More future studies, ideally including
prospective investigations with larger sample size on LGIB in anti-
coagulation and LVAD recipients, should be performed to verify the
findings from the limited numbers of prior studies, and to confirm that
LGIB in LVAD recipients is a distinct entity from bleeding in patients
receiving anticoagulation therapy. The incidence of bowel ischemia
following embolotherapy in anticoagulation and LVAD recipients is an
important topic given LGIB in LVAD recipients tends to recur and
therefore need repetitive embolizations.
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