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Abstract

Background/Objectives: This study aims to analyze safety and effectiveness of imipenem/
cilastatin sodium (IPM/CS) as an off-label embolic agent in acute lower gastrointestinal
bleeding (LGIB). Methods: This is a multicentric prospective study including patients
treated in emergency with endovascular embolization for acute LGIB. IPM/CS particles
were prepared using one vial containing 500 mg/500 mg of IPM/CS in powder diluted
with 5 mL of pure iodine contrast agent. Inclusion criteria were: acute bleeding managed
with IMP/CS embolization, unfeasible/ineffective endoscopic management, availability
of a pre-procedural contrast-enhanced Computed Tomography (CT) scan, pre- and post-
procedural blood count, pre- and post-procedural hemodynamic balance evaluation, and
follow-up to 30 days. Exclusion criteria were: patients treated in elective conditions, LGIB
embolization performed without IMP/CS, IMP/CS adoption after other embolics, incom-
plete clinical-laboratoristic follow-up, and age < 18 years. Technical success was intended
as angiographic disappearance of extravasation or significant reduction/stasis of blood
flow to the target; clinical success was considered as hemoglobin values increase and/or
stop transfusions and/or hemodynamic restoration. Result: Twenty-one patients were
enrolled; bleeding etiologies included angiodysplasia, diverticular disease, gastrointestinal
tumor-related bleeding, and post-surgical hemorrhage. Technical success rate was 100%,
and clinical success rate at 30 days was 85.7%. Rebleeding occurred in three patients:
two managed with surgery and one with coil re-embolization. Neither major and IPM/CS
related complications occurred. Conclusions: In this study IPM/CS was a safe and feasible
embolic agent in selected patients with acute LGIB; no bowel ischemia occurred during the
30 day follow-up. Future studies with larger samples are required to confirm these findings
to include IPM/CS as an off-label alternative embolic agent in LGIB.
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1. Introduction

Imipenem/cilastatin sodium (IPM/CS) is a broad-spectrum intravenous antibacte-
rial agent that belongs to the group of carbapenems and consists of a fixed combination
(1:1 ratio) of imipenem (a carbapenem antibiotic which is a derivative of thienamycin)
and cilastatin (an inhibitor of dehydropeptidase I, a renal enzyme which metabolizes and
inactivates imipenem). Imipenem has activity against a wide variety of bacteria, including
Gram-positive aerobic cocci, Gram-positive aerobic bacilli, Gram-negative aerobic bacteria,
and anaerobes. In clinical practice, IPM/CS is approved for the treatment of severe and
complicated bacterial infections, in particular, four divergent indications (i.e., gynecological
infections, septicaemia, bone and joint infections, and endocarditis) [1].

The off-label endovascular use of IPM/CS as a temporary embolic agent started in 1999,
when two Japanese studies introduced IPM/CS as an embolic agent for chemoembolization
in animal models [2]. These studies revealed that IPM/CS powder mixed with an iodine
contrast agent produced small microparticles (10-70 um) suitable for transient embolization
(24-48 h); its embolic properties were not related to its antimicrobial activity, but rather to
the formation of small suspended particles.

Additionally, IPM/CS has been explored in humans as an off-label embolic agent in
several musculoskeletal embolization procedures targeting pathological neovascularization
associated with chronic inflammatory and degenerative conditions [3,4].

Concerning IPM/CS applications in gastrointestinal bleeding embolization, only few
literature data are available, mainly on patients with tumor-related bleeding and poor
candidates for other treatments, including endoscopic or surgical hemostasis [5,6]. This is
of interest for interventional radiologists: indeed, even if transcatheter arterial embolization
(TAE) is considered a standard treatment for lower gastrointestinal bleeding (LGIB) when
endoscopic approaches are technically not feasible or ineffective [7-10], LGIB embolizations
still remain a technical challenge because of the complex arterial network.

TAE is highly effective in cases when a single bleeding vessel can be identified and
selectively catheterized, while its efficacy decreases in more complex scenarios, such as
diffuse bleeding, microvascular hemorrhage, tumor-related bleeding, angiodysplasia or
when angiographic extravasation is absent or intermittent [11-14].

Multiple embolic agents, including coils, gelatin sponges, liquids (polymers and
cyanoacrylates) and microspheres, have been described to treat LGIB but no clear su-
periority of a specific agent has been demonstrated, with choice mainly depending on
operator preference. One of the major complications of TAE for LGIB is bowel infarction,
occurring with higher rates compared to upper gastrointestinal bleeding; this is related
to the poorer collateral circulation [15,16]. Indeed, recent meta-analyses reported tech-
nical success rates around 91-99% and clinical success rates around 76-78%, but major
complications up to 8.6-10%, higher than those reported for upper gastrointestinal bleed-
ing (UGIB) embolization [17]. In this scenario, a temporary and effective embolic agent
such as IPM/CS may be particularly attractive, as it could provide distal microvascular
embolization while potentially limiting prolonged ischemic injury.

The aim of this study is now to evaluate prospectively the safety and effectiveness
of off-label application of IPM/CS as a reabsorbable embolic agent in patients with acute
LGIB from different etiologies.

2. Materials and Methods
2.1. Study Design

This is a bicentric prospective study considering patients treated with TAE for acute
LGIB from October 2025 to April 2026. Ethical approval from the local committee was
obtained (protocol number 11/25 approved on 23 July 2025). The study protocol, proposed
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by the leading center, received ethical approval and was accepted by the other participating
center before patient enrollment. Written informed consent for the intervention and study
participation was acquired from all patients. All institutions adopted the same study
protocol, including patient selection, embolization technique, and outcome assessment, in
order to minimize inter-operator variability.

Patient characteristics (sex, age, bleeding etiology, hemodynamic balance, hemoglobin
values, coagulation status) and procedural details (anatomical district, additional embolics,
procedural outcomes, additional embolization or surgery sessions, complications) were
analyzed. Workload data (e.g., kV, mA) and the dose index (e.g., fluoroscopy time) were
acquired for each procedure.

IPM/CS was selected as embolic agent in all cases where clear focal angiographic
blushes were absent and superselective embolization with coils, particles or liquids was
technically unfeasible and/or associated with a supposed risk of bowel ischemia.

Inclusion criteria were: acute bleeding managed with IMP/CS embolization, unfeasi-
ble/ineffective endoscopic management, availability of a pre-procedural contrast-enhanced
CT scan, pre- and post-procedural blood count, pre- and post-procedural hemodynamic
balance evaluation, follow-up to 30 days. Exclusion criteria were: patients treated in
elective conditions, LGIB embolization performed without IMP/CS, IMP/CS adoption
after other embolics, incomplete clinical-laboratoristic follow-up, and age < 18 years. En-
dovascular treatments were selected according to a multidisciplinary evaluation involving
emergency clinicians, gastroenterologists, anesthesiologists, diagnostic and interventional
radiologists. Primary endpoints of the study were to assess safety and efficacy of IPM/CS
in acute LGIB patients; secondary endpoints were to evaluate rebleeding rate and need for
additional embolics.

2.2. Pre-Procedural Evaluation

All patients were treated in acute setting, clinically presenting with melena or hema-
tochezia and hemoglobin drop.

A contrast-enhanced CT scan was acquired in all cases.

CT examinations were performed with 128-slice multidetector CT scanners (GE Rev-
olution GSI, General Electric Company®—Chicago—US or SOMATOM Definition Flash,
Siemens Healthcare®—FErlangen—Germany), with a slice thickness of 1.2 mm, collimation
of 2mm x 128 mm x 0.6 mm and rotation time of 0.28 s. Patients were positioned supine
with the arms abducted.

Enteric contrast material was not administered, while intravenous contrast material
consisted of 100-120 mL iodinated contrast agent (Iomeron 400; Bracco Diagnostics®, Milan,
Italy) at 400 mg/mL concentration injected at 3-4 mL/s, followed by 40 mL of saline chaser
at the same flow rate to obtain optimal vessel depiction.

An automated bolus tracking, with the region of interest placed in the descending
thoracic aorta at an attenuation threshold of 100 HU, was used to time the beginning of
the arterial phase. The venous phase was performed at 60-70 s delay from the end of the
injection. A delayed phase (180 s delay from the end of the injection) was included to
evaluate eventual slight bleeding [18].

Three-dimensional multiplanar reconstructions and maximum intensity projection
were routinely performed to assess occurrence, site and etiology of the bleeding, as well as
to plan the procedure in terms of device selection and embolization strategy (Figure 1).

Laboratory data, including blood count, coagulation status (INR, platelets and an-
tiplatelet/anticoagulation drug uptake) and renal function, were assessed.
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Figure 1. A 69-year-old man, taking anticoagulant and antiplatelet therapy (clopidogrel + aspirin).
Axial (a) and coronal (b) CT scan showing contrast extravasation in the arterial phase due to a small
bleeding diverticulum (white arrows) of the transverse colon.

2.3. Embolization Intervention

All embolization procedures were performed in interventional radiology cath labs
with modern-generation C-arms equipped with ConeBeamCT (CBCT) (Axiom Artis
Zee, Siemens®, Erlangen—Germany) or CT (Alphenix, Canon®, Tokyo—Japan) by in-
terventional radiologists with almost 5 years of experience in gastrointestinal bleeding
management.

An ultrasound-guided femoral or radial access positioning a femoral 5Fr 11 cm intro-
ducer was adopted; a 5Fr diagnostic catheter (Cobra, Sim 1 or Shepered tips) was advanced
up to the superior mesenteric (SMA) or inferior mesenteric (IMA) arteries, depending on
the bleeding site, and a digital subtracted arteriography (DSA) with power injector (15 mL
at 4-5 mL/s with 900 psi for SMA; 12 mL at 2-3 mL/s with 900 psi for IMA) was acquired
to assess vascular anatomy and localize the bleeding; a microcatheter (Progreat 2.4Fr or
2.7Fr—Terumo®, Tokyo—]Japan) was then advanced and additional superselective DSA
were conducted to evaluate the proper targeting; if no contrast extravasation was identified,
provocative maneuvers with papaverin (10-15 mg transcatheter intra-arterial injection)
were performed and microcatheter-directed contrast-enhanced CBCT or CT scans were
acquired to confirm proper microcatheter positioning compared to diagnostic CT.

IPM/CS was adopted as first embolic agent in all cases; if needed, additional mechani-
cal embolics were used.

A final DSA was acquired to confirm bleeding resolution (Figure 2).

*"‘vl I

Figure 2. Same patient from Figure 1. Superselective arteriography via a 2.7Fr microcatheter, using an
automatic injector with a flow rate of 2 mL/s, 6 cc of contrast volume and a pressure setting of 600 psi,
of a feeder branch arising from the middle colic artery; while in early phase (a) no bleeding is evident,
in delayed injection phase (b) focal contrast staining (white arrow) is appreciable corresponding to
CT findings; (c) via the 2.7Fr microcatheter, embolization with IPM/CS is performed to occlude the
extravasation area (white circle) and the feeding artery.
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Femoral access was sealed using mechanical closure device (Femoseal or Angioseal
6-VIP, Terumo®, Tokyo—Japan); radial access was compressed with a dedicated air-inflated
bracelet.

All procedures were performed with the support of an anesthesiologist, under sedo-
analgesia or general anesthesia depending on clinical conditions.

2.4. IPM/CS Mixture Preparation and Injection Technique

Just before embolic injection, IPM/CS was prepared as follows in the cath lab by the
interventional radiologist (Figure 3): 5 mL of pure iodinated contrast agent was injected
into a vial of 500 mg/500 mg of IPM/CS in powder and manually shaken for 60-100 s.

Figure 3. Preparation of the IPM/CS mixture: (a) Injection of 5 mL of iodinated contrast medium
into the vial containing powdered IPM/CS using a luer-lock syringe. (b) Manual shaking of the vial
to obtain adequate suspension of the particles. (c¢) Aspiration of 5 mL of the IPM/CS mixture into a
syringe. (d) Through a three-way stopcock, the mixture is repeatedly aspirated into a 3 mL syringe
before injection through the microcatheter.

The mixture was then aspirated into a 5 mL syringe and repeatedly exchanged through
a three-way stopcock with a 3 mL syringe to guarantee adequate particle suspension before
and during injection via the microcatheter. The suspension was slowly injected until
angiographic stop-flow within the target was achieved, which represented the procedural
endpoint. Luerlock syringes were adopted to avoid splashes.

2.5. Outcome Evaluation

Procedural efficacy was measured by technical and clinical success rates. Technical
success was intended as angiographic disappearance of the target or, in DSA-negative
cases, as angiographic stasis within the targeted vascular territory, according to the pre-
procedural CT findings and/or intraprocedural CBCT/CT guidance; clinical success was
considered as hemoglobin values increase, transfusion interruption and/or hemodynamic
restoration if previously unbalanced. In our study, blood transfusion was indicated for
hemoglobin values < 7 g/dL, according to current restrictive transfusion strategies [19,20]
and hemoglobin stabilization or an increase of >1 g/dL within the first 24 h after emboliza-
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tion was considered indicative of bleeding control. Persistence of melena or hematochezia
within the first 24 h after embolization, in the absence of laboratory or clinical evidence
of ongoing blood loss, was not considered clinical failure, in accordance with the Cardio-
vascular and Interventional Radiology Society of Europe (CIRSE) Quality Improvement
Guidelines [13].

Procedural safety was evaluated according to complication occurrence related to the
use of IPM/CS and graded by the CIRSE complication classification system [21].

Patients were monitored up to 30 days after the intervention.

2.6. Statistical Analysis

Descriptive analysis included continuous variables expressed as absolute values,
standard deviations and percentages.

All data analysis was performed in Excel environment (Microsoft®, Redmond,
WA, USA).

3. Results
3.1. Sample Features

Between October 2025 and April 2026, 64 patients underwent transarterial emboliza-
tion for acute LGIB among the participant centers; IPM/CS was adopted as the initial
embolic agent in 27 patients (21 were enrolled at Center 1 and 6 at Center 2). Six patients
were subsequently excluded because of incomplete follow-up data (two) or embolization
procedures performed in elective settings (four); patients not treated with IPM/CS had
high-flow arterial bleeding or vascular injuries, such as pseudoaneurysms, demonstrated on
angiography, allowing superselective embolization with conventional permanent embolic
agents and therefore did not meet the predefined criteria for IPM/CS embolization.

Overall 21 consecutive patients with acute LGIB were treated with TAE using IPM/CS
and were included in the present analysis (Figure 4).

Patients treated for LGIB
(n=64)

l Patients excluded from the study
because of incomplete follow-up
— | data or embolization procedures
performed in elective settings

l (n=6)

Study population
(n=21)

Patients treated with IPM/CS for LGIB
(n=27)

Figure 4. Study flowchart describing enrolled population.

The study sample included 18 men and 3 women, with a mean age of 67.5 £ 11.2 years.
The underlying causes of bleeding included: angiodysplasia (Figure 5), diverticular disease,
tumor-related bleeding and post-surgical hemorrhage. At hospital admission, 15/21 pa-
tients (71.4%) were hemodynamically stable, while hemodynamic instability was observed
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in 6/21 patients (28.6%). Mean hemoglobin level at hospital admission was 8.7 £ 1.9 g/dL
(Table 1).

Figure 5. An 88-year-old male taking oral anticoagulant (edoxaban) presenting with melena and
hemoglobin drop (7.3 g/dL) in the emergency room. Pre-procedural contrast-enhanced CT in
arterial (a) and venous (b) phases showing an extensive angiodysplasia involving a jejunal loop
(whited dotted circle). Selective DSA of the SMA (c) does not depict clear bleeding extravasation
or vascular anomalies. Based on pre-procedural CT reconstructions, a suspected proximal jejunal
artery is catheterized with a 2.4Fr microcatheter and a DSA (d) shows findings compatible with
angiodysplasia with a tortuous vascular network and early venous opacification (white arrows). An
intraprocedural transmicrocatheter contrast-enhanced CT (e) confirms correct jejunal loop (whited
dotted circle) targeting compared to pre-procedural CT. Final DSA after embolization with IPM/CS
(f) confirms occlusion of the target area and the feeding artery (white circle). Patient recovers with
hemoglobin increase and no re-bleeding events.

Table 1. Baseline data, patients’ characteristics.

Parameter Value

Demographic data
Male: 18/21 (85.7%)

Sex
Age

Female: 3/21 (14.3%)
67.5 £ 11.2 years

Hemodynamic status
At admission
Mean hemoglobin at admission

Stable: 15/21 (71.4%)
Unstable: 6/21 (28.6%)
87+19g/dL

Negative DSA
Positive DSA

12/21 (57.1%)
9/21 (42.9%): 4/9 (44.5%) pseudoaneurysm;
5/9 (55.5%) vascular blush

Anticoagulant/antiplatelet therapy at
admission

5/21 (23.8%): 3/5 (60%) clopidogrel + aspirin;
2/5 (40%) apixaban

https://doi.org/10.3390/diagnostics16152334


https://doi.org/10.3390/diagnostics16152334

Diagnostics 2026, 16, 2334

8of 12

In 12/21 patients (57.1%) no frank extravasation was visible during angiography
despite positive CT findings and provocative test with papaverin, likely due to intermittent
bleeding; in these cases, the microcatheter was positioned within the vascular territory
corresponding to the CT blush and additional intraprocedural CBCT or CT scan was
performed (Figure 5). In nine patients (42.9%) positive angiographic findings included
pseudoaneurysms (four, 44.5%) and vascular blushes (five, 55.5%).

3.2. Procedural Outcomes

The embolized vascular territories involved branches of the SMA in 76.2% (five jejunal
(23.8%); six ileocecal (28.6%); five middle colic (23.8%)) and of the IMA in 23.8%
(four sigmoid (19%), one left colic (4.8%)). In two patients (9.8%), two different branches
were embolized in the same session.

IPM/CS was used as the sole embolic agent in 16/21 procedures (76.2%), whereas
additional embolic agents (coils) were required in 5/21 patients (23.8%) to achieve technical
success. IPM/CS represented the primary embolic agent in all patients; the adoption
of additional embolic agents was decided intra-procedurally according to angiographic
findings and operator preference, especially in cases characterized by persistent arterial
inflow, pseudoaneurysm, or high-flow vascular patterns. Regarding radiation exposure, the
mean fluoroscopic time was 21.5 £ 10.0 (10-38) min, whereas the mean overall procedural
time was 47.7 + 13.8 (32-67) min.

Technical success was achieved in all procedures (100%), while clinical success at
30 days was achieved in 18/21 patients (85.7%). Post-procedural monitoring demonstrated
hemodynamic stabilization, progressive hemoglobin increase, and reduction or interruption
of blood transfusion requirements in 18/21 patients (85.7%). Clinical failure occurred in
3/21 patients (14.3%): 2/21 patients (9.5%) required surgical treatment because of persistent
or recurrent bleeding, whereas 1/21 patient (4.8%) underwent re-embolization with coils
two days after the initial procedure (Table 2). In the subgroup of patients treated with
IPM/CS as the sole embolic agent, clinical failure at 30 days occurred in two cases, both
requiring surgical treatment for persistent or recurrent bleeding. No repeat endovascular
embolization was required in this subgroup. No significant differences in technical or
clinical outcomes were observed between the 5 patients receiving anticoagulant and/or
antiplatelet therapy and the remaining 16 patients; this preliminary observation suggests
that antithrombotic/antiplatelet therapy did not appear to adversely influence procedural
success or early clinical outcomes in our cohort.

No complications directly related to IPM/CS were observed during the follow-up;
especially, no clinically evident bowel ischemia was observed during the follow-up; in
the absence of clinical signs or symptoms suggestive of bowel ischemia, no additional
investigations were performed. According to the modified CIRSE classification system, only
minor complications (grade 1b) were recorded. Post-procedural abdominal pain within the
first 24 h occurred in 5/21 patients (23.8%) and was managed conservatively with analgesic
therapy. Melena within 48 h after embolization was observed in 3/21 patients (14.3%),
without hemodynamic instability or need for additional intervention. Access-site minor
hematoma at the femoral puncture site developed in 2/21 patients (9.5%) within the first
24 h after the procedure and resolved spontaneously with conservative management.
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Table 2. Clinical outcomes and complications.

Parameter Value

SMA: 16/21 (76.2%)—5 jejunal (23.8%), 6
ileocecal (28.6%), 5 middle colic (23.8%)
IMA: 5/21 (23.8%)—4 sigmoid (19%), 1

(4.8%) left colic

IPM/CS alone: 16/21 (76.2%)—additional

Arterial targets

Embolics coils: 5/21 (23.8%)
Technical success 21/21 (100%)
Clinical success 18/21 (85.7%)

2/21 (9.5%) surgery

Rebleeding requiring additional treatment 1/21 (4.8%) re-embolization

Mean fluoroscopic time 21.5 + 10.0 (10-38) min
Complications
Major 0/21 (0%)
5/21 (23.8%) abdominal pain
Minor (CIRSE grade 1b) 3/21 (14.3%) melena

2/21 (9.5%) access-site hematoma

4. Discussion

In this study the off-label application of IPM/CS as a temporary particulate embolic
agent in acute LGIB was safe and effective, particularly in cases where CT showed active
bleeding but DSA did not present clear signs of hemorrhage, without major ischemic
complications occurring.

TAE is a well-established treatment for acute gastrointestinal bleeding: conventional
embolic agents such as coils, N-butyl-cyanoacrylate (NBCA), gelatin sponge, polyvinyl
alcohol (PVA) and microspheres have demonstrated high technical and clinical success
rates [22,23]. However, the use of permanent embolic materials in LGIB may be associated
with ischemic complications, particularly in non-selective embolization of the small bowel
and right colon [24]. In particular, Nykédnen et al. reported post-embolization ischemia in
17% of patients despite a superselective approach, with bowel resection in 13% [25]. Unlike
conventional permanent embolics, IPM/CS does not appear to induce durable arterial
occlusion, but rather a temporary reduction in blood flow within the pathological vascular
bed [5,6].

This characteristic may explain the favorable safety profile observed in this series;
despite the fact that in more than half of the cases during the procedure a defined contrast
extravasation or a pseudoaneurysm was not evident and embolization was conducted
nonsuperselectively with an anatomical rationale based on CBCT/CT targeting, no ischemic
complications were observed.

A review of the literature on the off-label use of IPM/CS in LGIB reveals a very limited
number of studies. Among the most relevant experiences, Woodhams et al. [5] in 2013
first described the use of IPM/CS in seven patients with intestinal tumor-related bleeding,
reporting 100% technical success, rebleeding in four patients successfully re-embolized with
the same approach and no major ischemic complications despite proximal non-selective
embolization. More recently, Hiraki et al. [6] in 2023 confirmed the feasibility and safety of
IPM/CS embolization in a monocentric retrospective series of 12 patients with acute LGIB
due to diverticulosis, inflammatory, ulcerative and cancerous etiologies without reporting
bowel ischemia episodes; despite in their series in 50% of the cases CT showed extravasa-
tion while DSA did not, technical success was 100% and clinical success was 83.3% with

https://doi.org/10.3390/diagnostics16152334


https://doi.org/10.3390/diagnostics16152334

Diagnostics 2026, 16, 2334

10 of 12

2 patients rebleeding within 24 h. Compared with these preliminary experiences, our study
provides a broader spectrum of bleeding etiologies and reflects a prospective multicentric
real-world experience in acute LGIB management. Despite the complexity of the treated
vascular territories and the frequent absence of active angiographic extravasation, IPM/CS
embolization achieved excellent technical and clinical outcomes, with no major ischemic
complications observed. In our opinion, the favorable safety profile of a temporary embolic
agent may justify a potentially acceptable risk of rebleeding, particularly when balanced
against the risk of bowel ischemia associated with permanent embolic material.

Moreover, IPM/CS has been adopted with success also in musculoskeletal emboliza-
tions [3,26-28]. Although targets are different in terms of anatomical and functional aspects,
these studies support the safety of IPM/CS as an embolic agent too.

The concept emerging from the available literature, and further supported by our
experience, is that IPM/CS may act as a “functional embolic agent” rather than a purely
occlusive embolic material; in our opinion, this represents the most relevant characteristic
of this technique and it is especially useful in patients with active bleeding detected on pre-
procedural CT but not subsequently evident on angiography, a relatively frequent scenario
in intermittent LGIB. In these situations, positioning the microcatheter within the vascular
territory corresponding to the CT blush and performing embolization with a temporary and
resorbable agent such as IPM/CS may represent a feasible therapeutic option in carefully
selected patients, especially considering the absence of clinically ischemic complications
observed in our cohort and the favorable clinical improvement reported during the 30-day
follow-up period.

Another important aspect emerging from our series is the versatility of IPM/CS. In
several patients, IPM/CS was used as the sole embolic agent (16/21, 76.2%), whereas in
others it was combined with coils or additional embolic materials (5/21, 23.8%). This
combined strategy may be particularly useful in complex hemorrhagic settings, where
proximal mechanical control can be associated with distal microvascular embolization.
Such an approach potentially combines the advantages of both techniques while reducing
the limitations of each individual embolic agent; the combined use of IPM/CS and coils
was also safe, without evidence of adverse interactions or increased ischemic complications.
Rebleeding remains one of the principal limitations of embolization using temporary
embolic materials. Although recurrent bleeding occurred in a minority of patients in our
series, safety should be a compelling priority in our treatment so transient embolization
with IPM/CS may be one of the viable therapeutic options if repetition is acceptable.

This study presents different limitations: first of all, the sample analyzed is too small
to achieve definitive conclusions and further larger studies are required, second although
IPM/CS was adopted according to predefined procedural criteria, absence of a clear focal
angiographic blush and situations in which superselective embolization with permanent
embolic agents was technically unfeasible or considered at increased risk of bowel ischemia,
the assessment of these conditions inevitably relied on operator interpretation, therefore a
degree of selection bias cannot be excluded. Follow-up was conducted only up to 30 days,
so delayed rebleeding and long-term clinical outcomes still have to be investigated. No
direct comparison with traditional embolics has been conducted, so no superiority of
IPM/CS over mechanical, particulate and liquid embolics can be demonstrated. Finally, it
should be considered that IPM/CS use as an embolic agent was an off-label application.

5. Conclusions

In this study embolization of acute LGIB using IPM/CS was a safe and feasible
procedure, with high technical and clinical success rates; within the 30-day follow-up of the
present study, no major complications, including bowel ischemia, were observed. IPM/CS
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off-label application could be considered a valuable alternative temporary embolic agent
in LGIB; however, studies including larger samples and longer follow-up are required to
further define its role in clinical practice.

Author Contributions: PR., F.G. and H.S.T. conceived and designed the analysis; P.R., AM. and ED.
collected the data; F.C., ED. and H.S.T. contributed to data or analysis tools; F.G., PR., A M. and A.D.
performed the analysis; P.R., EG., ].B. and A.M. wrote the paper; F.G., A.D. and R.N. supervised the
research. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study adhered to the principles of the Declarations of
Helsinki and Istanbul. The study was approved by the ethical review board (the study received
approval from the local ethical committee (DEL. 11/25; Date: 23 July 2025; “CET Campania 3”, Ethical
Committee Campania 3) considering its prospective design.

Informed Consent Statement: All patients gave written informed consent to participate in the study
and data analysis; all written consents are available in the archives of the Vascular and Interventional
Radiology Dept of Cardarelli Hospital of Naples.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author due to privacy.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.

10.

11.

12.

13.

European Medicines Agency (EMA). Questions and Answers on Tienam and Associated Names (Imipenem/Cilastatin for Infusion
500 mg/500 mg); EMA /815593 /2010 rev.1; European Medicines Agency (EMA): Amsterdam, The Netherlands, 2011.

Aihara, T. A Basic Study of Super-Selective Transcatheter Arterial Chemotherapy and Chemoembolization (1): Establishment
of an Animal Model for Superselective Transcatheter Arterial Chemotherapy and Preparation for Appropriate Suspension of
Microembolization. Kawasaki Med. ]. 1999, 25, 47-54.

Barge, T.F,; Little, M.W. Musculoskeletal embolotherapy. Cardiovasc. Interv. Radiol. 2023, 46, 1517-1524.

Ferndndez Martinez, A.M.; Baldi, S.; Alonso-Burgos, A.; Lépez, R.; Vallejo-Pascual, M.E.; Cuesta Marcos, M.T.; Alonso, D.R,;
Prieto, ].R.; Mauriz, ].L. Mid-term results of transcatheter arterial embolization for adhesive capsulitis resistant to conservative
treatment. Cardiovasc. Interv. Radiol. 2021, 44, 443-451.

Woodhams, R.; Nishimaki, H.; Ogasawara, G.; Fujii, K.; Yamane, T.; Ishida, K.; Kashimi, F.; Matsunaga, K.; Takigawa, M.
Imipenem/cilastatin sodium (IPM/CS) as an embolic agent for transcatheter arterial embolisation: A preliminary clinical study
of gastrointestinal bleeding from neoplasms. Springerplus 2013, 2, 344. [CrossRef] [PubMed]

Hiraki, S.; Sato, F.; Osugi, M.; Watanabe, Y.; Ichinose, Y. Transcatheter arterial embolization for acute lower gastrointestinal
bleeding using imipenem/cilastatin: A single-center retrospective study. CVIR Endovasc. 2023, 6, 12. [CrossRef] [PubMed]
Pennazio, M.; Spada, C.; Eliakim, R.; Keuchel, M.; May, A.; Mulder, C.J.; Rondonotti, E.; Adler, S.N.; Albert, J.; Baltes, P; et al.
Small-bowel capsule endoscopy and device-assisted enteroscopy for diagnosis and treatment of small-bowel disorders: European
Society of Gastrointestinal Endoscopy (ESGE) clinical guideline. Endoscopy 2015, 47, 352-376. [CrossRef] [PubMed]

Murphy, B.; Winter, D.C.; Kavanagh, D.O. Small bowel gastrointestinal bleeding diagnosis and management—A narrative review.
Front. Surg. 2019, 6, 25. [CrossRef] [PubMed]

Sengupta, N.; Feuerstein, ].D.; Jairath, V.; Shergill, A.K,; Strate, L.L.; Wong, R.J.; Wan, D. Management of patients with acute lower
gastrointestinal bleeding: An updated ACG Guideline. Am. |. Gastroenterol. 2023, 118, 208-231. [PubMed]

Tiralongo, E; Perini, D.; Crimi, L.; Taninokuchi Tomassoni, M.; Braccischi, L.; Castiglione, D.G.; Modestino, F.; Vacirca, F;
Falsaperla, D.; Libra, EM.R,; et al. Transarterial embolization for acute lower gastrointestinal bleeding: A retrospective bicentric
study. Radiol. Med. 2025, 130, 1050-1057. [CrossRef] [PubMed]

Prakash, C.; Zuckerman, G.R. Acute small bowel bleeding: A distinct entity with significantly different economic implications
compared with GI bleeding from other locations. Gastrointest. Endosc. 2003, 58, 330-335. [CrossRef] [PubMed]

Gerson, L.B.; Fidler, ].L.; Cave, D.R.; Leighton, ].A. ACG Clinical Guideline: Diagnosis and management of small bowel bleeding.
Am. ]. Gastroenterol. 2015, 110, 1265-1287. [CrossRef] [PubMed]

Valek, V.; Husty, J. Quality improvement guidelines for transcatheter embolization for acute gastrointestinal nonvariceal
hemorrhage. Cardiovasc. Interv. Radiol. 2013, 36, 608—612.

https:/ /doi.org/10.3390/diagnostics16152334


https://doi.org/10.1186/2193-1801-2-344
https://www.ncbi.nlm.nih.gov/pubmed/23961409
https://doi.org/10.1186/s42155-023-00359-w
https://www.ncbi.nlm.nih.gov/pubmed/36897492
https://doi.org/10.1055/s-0034-1391855
https://www.ncbi.nlm.nih.gov/pubmed/25826168
https://doi.org/10.3389/fsurg.2019.00025
https://www.ncbi.nlm.nih.gov/pubmed/31157232
https://www.ncbi.nlm.nih.gov/pubmed/36735555
https://doi.org/10.1007/s11547-025-02012-z
https://www.ncbi.nlm.nih.gov/pubmed/40249451
https://doi.org/10.1016/s0016-5107(03)00003-8
https://www.ncbi.nlm.nih.gov/pubmed/14528203
https://doi.org/10.1038/ajg.2015.246
https://www.ncbi.nlm.nih.gov/pubmed/26303132
https://doi.org/10.3390/diagnostics16152334

Diagnostics 2026, 16, 2334 12 of 12

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Expert Panel on Interventional Radiology; Karuppasamy, K.; Kapoor, B.S.; Fidelman, N.; Abujudeh, H.; Bartel, T.B.; Caplin, D.M.;
Cash, B.D.; Citron, S.J.; Farsad, K,; et al. ACR Appropriateness Criteria® radiologic management of lower gastrointestinal tract
bleeding: 2021 update. J. Am. Coll. Radiol. 2021, 18, S139-5152. [CrossRef] [PubMed]

Hur, S.; Jae, H.J.; Lee, M.; Kim, H.C.; Chung, ].W. Safety and efficacy of transcatheter arterial embolization for lower gastrointestinal
bleeding: A single-center experience with 112 patients. J. Vasc. Interv. Radiol. 2014, 25, 10-19. [CrossRef] [PubMed]

Yu, Q.; Funaki, B.; Ahmed, O. Twenty years of embolization for acute lower gastrointestinal bleeding: A meta-analysis of
rebleeding and ischaemia rates. Br. J. Radiol. 2024, 97, 920-932. [CrossRef] [PubMed]

Matsumoto, T.; Yoshimatsu, R.; Shibata, J.; Osaki, M.; Maeda, H.; Miyatake, K.; Noda, Y.; Yamanishi, T; Baba, Y.; Hirao, T.; et al.
Transcatheter arterial embolization of nonvariceal gastrointestinal bleeding with n-butyl cyanoacrylate or coils: A systematic
review and meta-analysis. Sci. Rep. 2024, 14, 27377. [CrossRef] [PubMed]

Di Serafino, M.; Iacobellis, F.; Schilliro, M.L.; Dell’ Aversano Orabona, G.; Martino, A.; Bennato, R.; Borzelli, A.; Oliva, G.; D’Errico,
C.; Pezzullo, F; et al. The Role of CT-Angiography in the Acute Gastrointestinal Bleeding: A Pictorial Essay of Active and Obscure
Findings. Tomography 2022, 8, 2369-2402. [CrossRef] [PubMed]

Triantafyllou, K.; Gkolfakis, P.; Gralnek, .M.; Oakland, K.; Manes, G.; Radaelli, F.; Awadie, H.; Duboc, M.C.; Christodoulou, D.;
Fedorov, E.; et al. ESGE Guideline: Diagnosis and management of acute lower gastrointestinal bleeding. Endoscopy 2021, 53,
850-868. [CrossRef] [PubMed]

Carson, J.L.; Stanworth, S.J.; Guyatt, G.; Valentine, S.; Dennis, J.; Bakhtary, S.; Cohn, C.S.; Dubon, A.; Grossman, B.].; Gupta, G.K,;
et al. Red Blood Cell Transfusion: 2023 AABB International Guidelines. JAMA 2023, 330, 1892-1902. [CrossRef] [PubMed]
Filippiadis, D.K.; Binkert, C.; Pellerin, O.; Hoffmann, R.T.; Krajina, A.; Pereira, PL. CIRSE quality assurance document and
standards for classification of complications: The CIRSE classification system. Cardiovasc. Interv. Radiol. 2017, 40, 1141-1146.
[CrossRef]

Funaki, B.; Kostelic, ].K.; Lorenz, J.; Ha, T.V,; Yip, D.L.; Rosenblum, J.D.; Leef, J.A.; Straus, C.; Zaleski, G.X. Superselective
microcoil embolization of colonic hemorrhage. AJR Am. . Roentgenol. 2001, 177, 829-836. [CrossRef] [PubMed]

Kinoshita, M.; Kondo, H.; Hitomi, S.; Hara, T.; Zako, R.; Yamamoto, M.; Hiraoka, J.; Takaoka, Y.; Enomoto, H.; Matsunaga, N.;
et al. Ultraselective transcatheter arterial embolization with small-sized microcoils for acute lower gastrointestinal bleeding.
CVIR Endovasc. 2021, 4, 28. [CrossRef] [PubMed]

Ini’, C,; Distefano, G.; Sanfilippo, F.; Castiglione, D.G.; Falsaperla, D.; Giurazza, F.; Mosconi, C.; Tiralongo, F.; Foti, P.V.; Palmucci,
S.; et al. Embolization for acute nonvariceal bleeding of upper and lower gastrointestinal tract: A systematic review. CVIR
Endovasc. 2023, 6, 18. [CrossRef] [PubMed]

Nykénen, T; Peltola, E.; Kyldnpdd, L.; Udd, M. Transcatheter Arterial Embolization in Lower Gastrointestinal Bleeding: Ischemia
Remains a Concern Even with a Superselective Approach. J. Gastrointest. Surg. 2018, 22, 1394-1403. [CrossRef] [PubMed]
Okuno, Y.; Matsumura, N.; Oguro, S. Transcatheter arterial embolization using imipenem/cilastatin sodium for tendinopathy
and enthesopathy refractory to nonsurgical management. J. Vasc. Interv. Radiol. 2013, 24, 787-792. [CrossRef] [PubMed]
Correa, M.P,; Motta-Leal-Filho, ].M.; Lugokeski, R.; Mezzomo, M.; Leite, L.R. GAUCHO—Trial Genicular Artery Embolization
Using Imipenem/Cilastatin vs. Microsphere for Knee Osteoarthritis: A Randomized Controlled Trial. Cardiovasc. Interv. Radiol.
2022, 45,903-910. [CrossRef]

Okuno, Y.; Yasumoto, T.; Koganemaru, M.; Suyama, Y.; Nishiofuku, H.; Horikawa, M.; Komemushi, A. Transarterial Embolization
of Neovascularity for Refractory Nighttime Shoulder Pain: A Multicenter, Open-Label, Feasibility Trial. ]. Vasc. Interv. Radiol.
2022, 33, 1468-1475.e8. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.

https:/ /doi.org/10.3390/diagnostics16152334


https://doi.org/10.1016/j.jacr.2021.02.018
https://www.ncbi.nlm.nih.gov/pubmed/33958109
https://doi.org/10.1016/j.jvir.2013.09.012
https://www.ncbi.nlm.nih.gov/pubmed/24286939
https://doi.org/10.1093/bjr/tqae037
https://www.ncbi.nlm.nih.gov/pubmed/38364312
https://doi.org/10.1038/s41598-024-79133-4
https://www.ncbi.nlm.nih.gov/pubmed/39521898
https://doi.org/10.3390/tomography8050198
https://www.ncbi.nlm.nih.gov/pubmed/36287797
https://doi.org/10.1055/a-1496-8969
https://www.ncbi.nlm.nih.gov/pubmed/34062566
https://doi.org/10.1001/jama.2023.12914
https://www.ncbi.nlm.nih.gov/pubmed/37824153
https://doi.org/10.1007/s00270-017-1703-4
https://doi.org/10.2214/ajr.177.4.1770829
https://www.ncbi.nlm.nih.gov/pubmed/11566683
https://doi.org/10.1186/s42155-021-00215-9
https://www.ncbi.nlm.nih.gov/pubmed/33687589
https://doi.org/10.1186/s42155-023-00360-3
https://www.ncbi.nlm.nih.gov/pubmed/36988839
https://doi.org/10.1007/s11605-018-3728-7
https://www.ncbi.nlm.nih.gov/pubmed/29549618
https://doi.org/10.1016/j.jvir.2013.02.033
https://www.ncbi.nlm.nih.gov/pubmed/23707086
https://doi.org/10.1007/s00270-022-03089-z
https://doi.org/10.1016/j.jvir.2022.08.016
https://www.ncbi.nlm.nih.gov/pubmed/35995121
https://doi.org/10.3390/diagnostics16152334

	Introduction 
	Materials and Methods 
	Study Design 
	Pre-Procedural Evaluation 
	Embolization Intervention 
	IPM/CS Mixture Preparation and Injection Technique 
	Outcome Evaluation 
	Statistical Analysis 

	Results 
	Sample Features 
	Procedural Outcomes 

	Discussion 
	Conclusions 
	References

