Original Article Ann Med Res 2026;33(5):230-237

Current issue list available at Ann Med Res

Annals of Medical Research

journal page: annalsmedres.org

ANNALS OF
MEDICAL RESEARCH

Ann Med Res

Transcatheter arterial embolization for refractory non-variceal gastrointestinal
bleeding: Outcomes and prognostic indicators

Sinan Karatoprak &% * Mustafa Bilgili ®
Nur Betul Karatoprak 2

,0guz Aslan &
, Ferhat Omurca ®

, Gamze Turk @

Kayseri City Training and Research Hospital, Department of Radiology, Kayseri, Tiirkiye
bKayseri City Training and Research Hospital, Department of Gastroenterology, Kayseri, Tiirkiye
*Corresponding author: snnkrtprk@hotmail.com (Sinan Karatoprak)

B MAIN POINTS B ABSTRACT

- e A A (T Aim: Aim: Transcatheter arterial embolization (TAE) is increasingly used as second-line

achieved a high technical success rate
(97.9%) and a low complication rate (6%) in
patients with non-variceal gastrointestinal
bleeding refractory to endoscopic therapy.

Rebleeding occurred in 30% of patients
and was significantly associated with co-
morbidity status, multi-vessel emboliza-
tion, and negative endoscopic findings.

In-hospital mortality was associated with
higher Rockall scores and lower platelet
counts, whereas overall mortality during
follow-up was associated with elevated
INR and higher Rockall scores.

Length of hospital stay was independently
associated with comorbidity burden, trans-
fusion requirements, delayed emboliza-
tion, and lower baseline hemoglobin.

These findings underscore the prognostic
importance of comorbidity and the role
of preprocedural optimization in improving
TAE outcomes for refractory gastrointesti-
nal bleeding.

therapy for non-variceal gastrointestinal bleeding (NVGIB) when endoscopic hemosta-
sis fails. This study investigated factors influencing rebleeding, mortality, and length of
hospital stay (LOS) following TAE.

Materials and Methods: We retrospectively analyzed 50 patients (mean age 64.8 years;
72% male) who underwent TAE for acute NVGIB between April 2023 and April 2025.
Demographic variables, comorbidities, laboratory values, endoscopic/angiographic find-
ings, embolic materials, and outcomes were reviewed. Primary outcomes were rebleed-
ing and in-hospital mortality; secondary outcomes were LOS and overall mortality.

Results: Technical success was 97.9%. Rebleeding occurred in 30% (15/50) of cases,
predominantly within the first week. Risk was higher with malignancy (45.5%), systemic
disease or bleeding disorders (29.4%), multivessel embolization (66.7% vs. 21.1%), and
negative endoscopic findings (75% vs. 25.6%) (all p < 0.05). In-hospital mortality was
32% (16/50) and was associated with higher Rockall scores (p = 0.001) and lower platelet
counts (p = 0.037). Overall mortality reached 52% (26/50) at a median follow-up of 16
months and was significantly associated with elevated INR (p = 0.005) and Rockall score
(p = 0.032). Among survivors, mean LOS was 15.5 days and was correlated with co-
morbidity burden, transfusion requirements, and delayed embolization; lower baseline
hemoglobin predicted longer stays. Complications occurred in 6% of patients: two minor
access-site hematomas and one ischemic event.

Conclusion: TAE is a safe and effective treatment for NVGIB that is refractory to endo-
scopic therapy and is associated with high technical success and low complication rates.
Mortality and rebleeding are primarily influenced by comorbidities, disease severity, and
procedural complexity rather than by embolic technique, emphasizing the importance of
individualized risk assessment and multidisciplinary management.
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EINTRODUCTION malignancies [2]. Lower gastrointestinal bleeding (LGIB),

on the other hand, is frequently caused by diverticulosis, an-
Gastrointestinal (GI) bleeding is a potentially life-threatening

clinical emergency with significant morbidity, mortality, and
healthcare costs worldwide [1]. Non-variceal upper gastroin-
testinal bleeding (NVUGIB) is most commonly caused by
peptic ulcer disease, erosive gastritis, Mallory—Weiss tears, and

giodysplasia, ischemic colitis, colorectal neoplasia, or hemor-

rhoids [3,4].

Endoscopy and colonoscopy remain the first-line diagnostic
and therapeutic approaches, enabling hemostasis in most pa-
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tients with NVUGIB or LGIB [1,5]. Despite advances in en-
doscopic technologies, a subset of patients still experiences re-
fractory or recurrent bleeding for which endoscopic manage-
ment either fails or is technically infeasible [5].

Historically, surgery was the next line of therapy. Yet, surgical
intervention in acute GI bleeding is associated with substan-
tial morbidity and mortality, particularly among elderly pa-
tients and those with comorbidities [2,6]. Over the past few
decades, transcatheter endovascular therapy, especially tran-
scatheter arterial embolization (TAE), has emerged as a widely
adopted salvage treatment, with its safety and efficacy for
NVUGIB well documented in systematic reviews and clini-
cal series [7-9].

In this context, we present our single-center experience with
the endovascular management of patients with NVUGIB and
LGIB refractory to endoscopic or colonoscopic therapy.

B MATERIALS AND METHODS

This study was designed as a retrospective, single-center study
and was approved by the Non-Interventional Clinical Re-
search Ethics Committee of Kayseri City Hospital (Approval
No: 548).

Patient selection

This retrospective study included 50 patients with acute non-
variceal upper or lower gastrointestinal bleeding who under-
went transcatheter arterial embolization (TAE) at our institu-
tion between April 2023 and April 2025. Patients were eli-
gible if bleeding could not be controlled endoscopically or if
endoscopy was not feasible (e.g., gastrectomy). In such cases,
TAE was performed prior to surgery when massive transfu-
sion was required (more than four units of packed red blood
cells [pRBCs] within a 24-hour period) or when hemody-
namic instability was present, defined as hemorrhagic shock,
systolic blood pressure of < 100 mmHg, or heart rate exceed-
ing 100 beats per minute.

For each patient, demographic variables, presenting symp-
toms, medication histories, comorbidities, and previous
gastrointestinal bleeding episodes were documented. Pre-
embolization laboratory values (hemoglobin, INR, platelet
count, lactate), pre-embolization transfusion requirements,
prior imaging findings, Rockall scores, Forrest classification
(if applicable), bleeding location, time from symptom onset
to embolization, angiographic findings, type of embolic ma-
terial used, and number and identity of occluded vessels were
also recorded.

Embolization procedure

All angiographic procedures were performed by interven-
tional radiologists with at least five years of experience. Vascu-
lar access was obtained via the common femoral artery in all
cases. Procedures were typically performed under local anes-
thesia, with additional conscious sedation or general anesthe-
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sia administered when clinically required. A 6-French vascu-
lar sheath was introduced, and selective catheterization of the
celiac trunk and the superior mesenteric artery was routinely
performed using various S-French diagnostic catheters (Taha
Medical, Turkey; Cordis Medical, USA); the inferior mesen-
teric artery was catheterized when indicated. Iodinated con-
trast medium was used for all angiographic injections.

A coaxial microcatheter system (Carnelian, Tokai Medical,
Japan) with a diameter of 1.9F-2.7F, selected according to
the target vessel caliber was then advanced through the diag-
nostic catheter to perform selective angiography of the sus-
pected bleeding site. When necessary, cone-beam computed
tomography (CBCT) was performed either through the di-
agnostic catheter or selectively via the microcatheter to bet-
ter localize the bleeding source. All procedures were per-
formed with a digital subtraction angiography system (Artis
zee, Siemens Healthcare, Forchheim, Germany) under stan-
dard fluoroscopic guidance.

Angiographic findings were categorized as direct or indirect
signs of bleeding. Direct findings included contrast extrava-
sation and pseudoaneurysm formation. Indirect findings in-
cluded vascular irregularity, vasospasm, and abnormal mu-
cosal or tumoral blush. Embolization was performed when
there was direct evidence of active bleeding or indirect signs
suggestive of ongoing hemorrhage. In addition, when no
angiographic signs of bleeding were identified, empiric em-
bolization was performed if supported by complementary
findings from endoscopy, colonoscopy, computed tomogra-
phy angiography (CTA), or red blood cell scintigraphy.
Embolic agents used in this study included detachable coils
(Prestige Plus, Balt, France), calibrated microspheres (Embo-
sphere, Merit Medical, USA), and a mixture of n-butyl-2-
cyanoacrylate (NBCA; Histoacryl, B. Braun, Germany) and
Lipiodol (Lipiodol Ultra Fluid, Guerbet, France). Coils were
selected according to the vessel anatomy and diameter. Mi-
crospheres were generally preferred in patients with tumoral
blush to achieve distal embolization, whereas NBCA was cho-
sen in cases of vasospasm or massive hemorrhage requiring
rapid occlusion. NBCA was mixed with lipiodol in ratios
ranging from 1:4 to 1:8, determined by the vessel diameter
and whether proximal or distal embolization was intended.

Technical success was defined as the successful emboliza-
tion of the intended target vessel or vascular territory, with
achievement of the planned angiographic endpoint; this def-
inition included empiric embolization of the arterial supply
to the suspected bleeding site when supported by preproce-
dural localization. Clinical success was defined as immediate
hemostasis and the absence of rebleeding during follow-up.

Definitions of clinical outcomes

The primary outcomes of this study were rebleeding and in-
hospital mortality. Rebleeding was defined as the recurrence
of hematemesis, melena, or hematochezia after initial stabi-
lization, associated with either a decrease in hemoglobin of
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>2 g/dL or the need for an additional transfusion or urgent
intervention within 30 days. Secondary outcomes included
length of hospital stay and overall mortality during follow-
up. Procedure-related complications were also assessed and
classified according to the Society of Interventional Radiol-
ogy (SIR) guidelines as minor or major adverse events.

Statistical analysis

Statistical analysis was performed using SPSS Statistics soft-
ware version 24.0 (IBM Corp., Armonk, NY, USA). Contin-
uous variables were summarized as mean * standard devia-
tion, median, and minimum-maximum values, whereas cat-
egorical variables were presented as counts and percentages.
The Shapiro—Wilk test was used to assess normality and the
Levene test to evaluate homogeneity of variances. For com-
parisons between groups, an independent-samples t-test was
used for normally distributed variables, whereas the Mann-
Whitney U test was used for non-normally distributed vari-
ables. Associations between categorical variables were ana-
lyzed using Pearson’s chi-square test, and effect sizes were
quantified using the Phi coefficient for 2x2 contingency ta-
bles or Cramér’s V for larger contingency tables. Correlations
between continuous variables were assessed with Pearson’s or
Spearman’s correlation coefficients, depending on distribu-
tional assumptions. A p-value <0.05 was considered statisti-
cally significant for all tests.

Because this retrospective cohort included all consecutive pa-
tients undergoing TAE within the study period, no a priori
sample size calculation was performed. Post hoc power analy-
ses were conducted. These analyses were based on observed
effect sizes obtained from the dataset and were performed
using two-sided tests with an o level of 0.05. Power values
were calculated for categorical comparisons (Chi-square tests)
and for continuous variables (correlation analyses) to assess
whether the major associations investigated had adequate sta-
tistical power.

B RESULTS
Patient characteristics

The study cohort consisted of 14 women and 36 men, with
a mean age of 64.8 + 16.7 years (median, 64.5 years; range,
15-92 years). Seven patients (14%) presented with lower gas-
trointestinal bleeding, while 43 patients (86%) had upper gas-
trointestinal bleeding (Table 1).

The most frequent symptom was melena, observed alone
(n=23, 46%), in combination with hematemesis (n=9, 18%),
or with hematochezia (n=7, 14%). Isolated hematemesis oc-
curred in 6 patients (12%) and isolated hematochezia in 3 pa-
tients (6%). In addition, bleeding was detected in the surgical
drains of two patients (4%).

Eleven patients (22%) had no comorbid conditions. Malig-
nancy was present in 22 patients (44%); 12 had gastrointesti-
nal malignancies and 10 had non-gastrointestinal malignan-
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cies. Fourteen patients (28%) had systemic diseases, includ-
ing diabetes mellitus, hypertension, coronary artery disease,
chronickidney disease, liver cirrhosis, and cerebrovascular dis-
ease. In addition, three patients (6%) had bleeding disorders
(immune thrombocytopenic purpura or von Willebrand fac-
tor deficiency). Nineteen patients had one comorbidity; nine
had two comorbidities; nine had three comorbidities; one had
four comorbidities; and one had five comorbidities.

Regarding medication history, 12 patients (24%) were receiv-
ing antiplatelet or anticoagulant therapy, and 9 (18%) were
undergoing chemotherapy. 25 patients (50%) had no regular
medications, while 4 patients (8%) were receiving other medi-
cations, including steroids, anti-HIV therapy, and antiparkin-
sonian medications.

Pre-procedural laboratory values and transfusion

Mean pre-procedural hemoglobin, platelet count, and INR
were 7.2 £ 1.3 g/dL (range: 4.2-10.5), 166 + 90 x10?/L
(range: 29-428), and 1.28 £ 0.18 (range: 1.05-1.81), re-
spectively. The median lactate level was 1.1 mmol/L (range:
0.4-16.0). The median number of units of pRBCs transfused
prior to the procedure was 6.5 (range: 1-26); the mean was
8.3 £ 5.6 (Table 2). The mean interval between symptom on-
setand TAE was 4.7 + 3.7 days (median: 4.0 days, range: 0-15
days).

Endoscopic evaluation and risk stratification

Except for the two patients who presented with bleeding from
surgical drains and one patient with a prior gastrectomy, all pa-

Table 1. Baseline demographic and clinical characteristics

Variable Value
Age (years) 64.8+16.7
(median 64.5; range 15-92)

Sex

- Male 36 (72%)

- Female 14 (28%)
Bleeding site

- Upper Gl 43 (86%)

- Lower Gl 7 (14%)
History of Gl bleeding

-No 35 (70%)

-Yes 15 (30%)
Comorbidity count

-0 11 (22%)

-1 19 (38%)

-2 9 (18%)

-3 11 (22%)
Medication

- None 25 (50%)

- Antiplatelet/anticoagulant 12 (24%)

- Chemotherapy 9 (18%)

- Other (steroid, anti-HIV, anti-parkinsonian) 4 (8%)

GI: Gastrointestinal.
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Table 2. Pre-procedural laboratory values and diagnostic work-up.

Variable Value
Pre-procedural Hb (g/dL) 7.2 1.3 (range 4.2-10.5)
Pre-procedural PIt (x103/pL) 166 + 90 (range 29-428)

Pre-procedural INR
Pre-procedural lactate (mmol/L)
Blood transfusion requirement (units of pRBCs)

1.28 £ 0.18 (range 1.05-1.81)
1.8 + 2.4 (range 0.4-16.0)
8.3 + 5.6 (median 6.5; range 1-26)

Endoscopy/colonoscopy

-Not performed 2 (4%)

-Positive findings 44 (88%)

-Negative findings 4 (8%)
Rockall score 5.0 + 1.8 (range 2-9)
Forrest classification 37

-la 8

-1b 16

-2 10

-3 3
CTA/red blood cell scintigraphy

-Not performed 25 (50%)

-Positive findings 16 (32%)

-Negative findings 9 (18%)

Hb: Hemoglobin; Plt: Platelet count; INR: International Normalized Ratio; pRBCs: packed Red Blood; Cells; CTA: Computed Tomography Angiography.

Table 3. Procedural findings, embolization details and outcomes.

Variable

Value

Time from symptom onset to DSA (days)

4.7 1 3.7 (median 4; range 0-15)

DSA/CBCT
- Positive findings

- extravasation 18 (36%)
* blush 13 (26%)
* vasospasm 4 (8%)
« pseudoaneurysm 2 (4%)
+ vascular irregularity 1(2%)
- Negative findings 12 (24%)
Embolic agents
-None 3 (6%)
-Coils 31 (62%)
-Microspheres 9 (18%)
-NBCA 7 (14%)
Number of embolized vessels
-None 3 (6%)
-1 38(76%)
->2 9 (18%)
Periprocedural complications
-Minor 2 (4%)
-Major 1(2%)

DSA: Digital Subtraction Angiography; CBCT: Cone-beam Computed Tomography; NBCA: N-butyl-2-cyanoacrylate.

tients underwent either an upper endoscopy or a colonoscopy

prior to angiography.

Endoscopic findings were negative in 4 patients (8%). Among
the patients with ulcer bleeding (n=37), Forrest classification
revealed that the majority were classified as Ib (43.2%), fol-
lowed by Ia (21.6%); the remainder were distributed across
IIa, IIb, Ilc, and III categories. The mean Rockall score for
the entire cohort was 5.0 + 1.8 (median, 5; range, 2-9) (Ta-
ble 2).

Procedural findings

Angiographic evaluation revealed contrast extravasation (Fig-
ure 1) in 17 patients (34%) and tumoral blush (Figure 2) in
12 patients (24%); these were the most frequent angiographic
findings. No angiographic abnormality was detected in 14 pa-
tients (28%); however, cone-beam CT demonstrated mucosal
blush or extravasation in two of these patients.

Embolization was not performed in 3 patients (6%): in 2 pa-
tients (4%) because there was no bleeding and therefore no
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Table 4. Outcomes.
Outcome
Comorbidity status: p=0.035
-Malignancy (45.5%)
. o -Systemic or bleeding disorders (29.4%)
Rebleeding 15 (30%) None (0%)
Multivessel embolization: p=0.006
Negative endoscopic findings: p=0.035
Management of rebleeding
-Conservative 6 (12%)
-Repeat embolization 6 (12%)
-Surgery 4 (8%)
. . o Rockall score: p=0.001
In-hospital mortality 16 (32%) Plt count(inversely correlated): p=0.037
Overall mortality 26 (52%) Rockall score: p=0.032

INR: p=0.005

Length of hospital stay (days) *

15.5 1 8.1 (median 14; range 1-43)

Number of comorbidities: p=0.019
Transfusion requirement: p<0.001
Bleeding to TAE time: p<0.001

Hb (inversely correlated): p=0.042

Plt: Platelet count; INR: International Normalized Ratio; Hb: Hemoglobin. * The length of hospital stay was calculated after excluding patients who died during the index

hospitalization.

indication for empiric embolization, and in 1 patient (2.1%)
because catheterization of the left gastric artery failed (techni-
cal failure). Accordingly, the overall technical success rate was
97.9% (47/48). Among the 47 patients who underwent em-
bolization, 38 (81%) underwent single-vessel embolization,
while 9 (19%) underwent embolization of multiple vessels
(>2). Coils were the most frequently used embolic material,
applied in 31 patients (66%). Microspheres were used in 9 pa-
tients (19%) and NBCA-lipiodol mixture was used in 7 pa-
tients (15%).

Three patients (6%) experienced periprocedural complica-
tions. Minor complications consisted of two femoral access-
site hematomas, both of which were managed conservatively.
One major complication was non-target embolization thatled
to ischemia in a patient who subsequently required surgery
because hemostasis could not be achieved.

Rebleeding

Rebleeding occurred in 15 patients (30%) within 30 days after
the index procedure. The majority of rebleeding episodes (12
of 15, 80%) occurred during the first week.

When patients were stratified by comorbidity status, no re-
bleeding was observed in those without comorbidities (0/11,
0%). Rebleeding occurred in 10 of 22 patients (45.5%) with
malignancy, the majority of whom (9 patients) had underly-
ing gastrointestinal cancers. Among 17 patients with systemic
diseases or bleeding disorders, rebleeding was observed in S
(29.4%). This association was statistically significant (y*(2)
=6.705, p =0.035), with a moderate effect size (¢/Cramér’s
V = 0.370).

Rebleeding was also significantly associated with the num-
ber of embolized vessels. Rebleeding occurred in 8 of 38

234

patients (21.1%) who underwent single-vessel embolization,
compared with 6 of 9 patients (66.7%) in the multiple-vessel
group. This difference was statistically significant (Fisher’s ex-
act test, p = 0.006) and had a moderate-to-strong effect size
(Phi = 0.444).

Furthermore, patients with negative endoscopic or colono-
scopic findings prior to embolization (n = 4) had a markedly
higher rate of rebleeding (3/4, 75%) compared with those with
positive endoscopic findings (11/43, 25.6%). This associa-
tion was statistically significant (y*(1)=4.437, p=0.035), with
a moderate effect size (Phi=0.304).

No significant associations were found between rebleeding
and pre-procedural laboratory values (hemoglobin, INR,
platelet count, lactate), age, sex, time from symptom onset to
procedure, Forrest classification, Rockall score, or the type of
embolic agent used (all p > 0.05).

Among the 15 patients who developed rebleeding, 6 were
managed conservatively (1 in-hospital death), S underwent re-
peat TAE (1 in-hospital death), and 4 required surgery (3 in-
hospital deaths).

Mortality

In-hospital mortality occurred in 16 patients (32%). A signif-
icant association was observed between the Rockall score and
in-hospital mortality (p = 0.001). In addition, pre-procedural
platelet levels were significantly lower in patients who died in
the hospital (128 + 73 vs. 184 £ 92 x10°/uL, p = 0.037). No
significant associations were found with other laboratory pa-
rameters (hemoglobin, INR, lactate).

When medication groups (chemotherapy, antiplatelet/antico-
agulant therapy, and no regular medication) were analyzed, no
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statistically significant association between medication group
and in-hospital mortality was found (p = 0.209).

In-hospital mortality was higher in patients with comorbidi-
ties than in those without (36% vs. 18%; odds ratio approxi-
mately 2.5), although the difference was not statistically sig-
nificant (p = 0.266). When stratified by comorbidity bur-
den, mortality rates were 18.2% for no comorbidities, 36.8%
for one comorbidity, 22.2% for two comorbidities, and 45.5%
for three or more comorbidities. While these findings suggest
a trend toward increased mortality with higher comorbidity
burden, the association did not reach statistical significance
(p =0.479).

Overall mortality was 52% (26/50) during follow-up, which
ranged from 4 to 28 months (median 16 months). Both pre-
procedural INR (p = 0.005) and Rockall score (p = 0.032)
were significantly associated with overall mortality, whereas
other baseline laboratory and demographic parameters were
not significantly associated (all p>0.05). Mortality was 27.3%
in patients without comorbidities, compared with 54.5% in
those with malignancies and 64.7% in those with systemic dis-
eases or bleeding disorders. Similarly, overall mortality varied
by comorbidity burden: 63.2% in patients with one comor-
bidity, 55.0% in those with two or more, and 27.3% in those
without comorbidities. Although these findings suggest a
clinically relevant trend toward higher overall mortality in pa-
tients with comorbidities, the differences did not reach statis-
tical significance (p = 0.146 for type; p = 0.156 for count).

Length of stay

Length of hospital stay (LOS) was analyzed for the 34 patients
discharged alive; patients with in-hospital mortality were ex-
cluded. The mean LOS was 15.5 + 8.1 days, with a median of
14 days (range: 1-43 days).

A significant positive correlation was also found between the
number of comorbidities and LOS (r=0.399, p=0.019). Sim-
ilarly, LOS was positively correlated with units of pRBCs
transfused (r = 0.593, p<0.001) and with the time interval
between symptom onset and embolization (r = 0.636, p <
0.001). Pre-procedural hemoglobin levels were inversely cor-
related with LOS (r = -0.350, p = 0.042), indicating that pa-
tients with lower baseline hemoglobin had longer hospital
stays.

No significant associations were found between LOS and age,
sex, platelet count, INR, Rockall score, Forrest classification,
angiographic findings, or the type of embolic agent used (all
p>0.05).

Procedural findings and outcomes are summarized in Tables
3 and 4.

Post hoc power analyses demonstrated that the association be-
tween multivessel embolization and rebleeding (x* = 9.08, w
~ 0.44, N = 47) had statistical power of approximately 0.85.
The correlation between length of stay and transfusion re-
quirement (r = 0.59, n = 34) showed a power of approximately
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0.98. For moderate correlations, such as the relationship be-
tween length of stay and comorbidity count (r=0.40; n=34),
the achieved power was approximately 0.70. Smaller effect
sizes yielded correspondingly lower power levels.

E DISCUSSION

In our study, TAE demonstrated a high technical success rate
and acceptable clinical outcomes, consistent with previously
published reports. While the efficacy and safety of TAE have
been well documented in both upper and lower GI bleed-
ing, considerable variability persists across studies with regard
to rebleeding, mortality, and complication rates. Therefore,
placing our results in the context of current evidence pro-
vides valuable insights into patient selection, procedural fac-
tors, and outcome predictors. Moreover, current interna-
tional guidelines recommend TAE as the preferred second-
line therapy after failed endoscopy, reserving surgery for re-
fractory cases [10,11].

Our rebleeding rate of 30% falls within the broad range of
9-56% reported in prior studies [12-15]. Importantly, our
findings underscore specific risk factors for recurrence. Re-
bleeding was significantly more common in patients with ma-
lignancy (particularly gastrointestinal cancers), in those un-
dergoing multi-vessel embolization, and in those in whom no
bleeding source was identified endoscopically prior to TAE.
These factors have also been highlighted in previous reports.
Dablan et al., focusing exclusively on non-variceal upper GI
bleeding, identified multi-vessel embolization and comorbid-
ity as predictors of recurrence [16], while Yu et al., in a meta-
analysis of lower GI bleeding, found malignancy and coagu-
lopathy to be significant risk factors [17]. In addition, Lee et
al. reported a rebleeding rate of 37.3% in a mixed cohort of
upper and lower GI bleeding, with coagulopathy and massive
transfusion independently associated with recurrence [15].
Extrat et al. similarly reported an early rebleeding rate of 25%
and identified the units of pPRBCs as the main predictor of re-
currence [18]. By contrast, we observed no significant associ-
ation between rebleeding and demographic variables, baseline
laboratory parameters, or embolic material. Taken together,
our results suggest that rebleeding after TAE is determined
more strongly by underlying disease burden, procedural com-
plexity, and the adequacy of bleeding source localization than
by demographic characteristics or the choice of embolic agent.

In-hospital mortality was 32, and overall mortality during
follow-up was 52%. These rates are relatively high compared
with those in the most recent series, in which 30-day mortal-
ity has been the primary outcome. Ozen et al. [13] reported
a 30-day mortality rate of 22%; Lee et al. [15] reported a rate
of 18.6%; and Loftroy’s meta-analysis reported a wide range
from 4% to 46% [12]. Dablan et al. [16] reported a 30-day
mortality rate of 48.2%, which is broadly comparable to that
observed in our population. Extrat et al. observed a 30-day
mortality rate of 22.1%, with hyperlactatemia (>2 mmol/L)
emerging as the strongest predictor of early mortality [18].
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We identified higher Rockall scores and lower platelet counts
as predictors of in-hospital mortality, while elevated INR and
Rockall scores were associated with overall mortality. The
finding that INR was not predictive of short-term mortality
but was predictive of long-term outcomes is particularly note-
worthy because it may reflect the influence of subclinical co-
agulation abnormalities, frailty, and the cumulative burden of
comorbidities beyond the acute hemodynamic phase of bleed-
ing.

Rockall score, by contrast, consistently correlated with both
in-hospital and overall mortality, as expected given its estab-
lished prognostic value. Compared with prior studies, our re-
sults partially diverge; Yu etal. [17] highlighted coagulopathy,
malignancy, and massive transfusion as predictors of mortal-
ity, while Lee etal. [15] identified coagulopathy as a significant
factor.

In our series, malignancy and transfusion burden were not
statistically significant, though clinically relevant trends were
observed. Another important observation is that overall
mortality rates substantially exceeded in-hospital mortality
rates, underscoring the long-term vulnerability of this pa-
tient group, particularly those with malignancy and systemic
disease. This emphasizes the need for structured long-term
follow-up and multidisciplinary management, including on-
cology, internal medicine, and supportive care teams [19].

The mean length of stay (LOS) was 15.5 days, calculated only
for patients discharged alive to avoid spuriously shortened
LOS values due to early in-hospital deaths. This survivor-only
approach provides a more accurate reflection of the hospital-
ization burden, yet it makes direct comparisons with prior
studies difficult, as LOS has rarely been systematically re-
ported in TAE cohorts. Among the few that did report, Nyki-
nen et al. [20] documented a median LOS of 7 days (range,
1-91) after TAE for lower GI bleeding, which is considerably
shorter than that observed in our series. Extrat et al. [18]
similarly reported a median LOS of around 12 days follow-
ing TAE, while Twene et al. [21], in a comparative analysis,
demonstrated that patients treated with TAE had shorter hos-
pitalizations than those undergoing surgery. Our finding of a
longer LOS likely reflects, in our cohort, the higher comor-
bidity burden, greater transfusion requirements, delayed em-
bolization, and lower baseline hemoglobin levels. These as-
sociations are consistent with prior observations that disease
severity, massive transfusion, and low hemoglobin are more
influential than procedural variables in determining resource
utilization after TAE. Taken together, our results suggest that
prolonged LOS in this setting primarily reflects underlying
disease complexity and delayed presentation rather than the
embolization procedure itself, underscoring the importance
of early referral and optimization of preprocedural status.

Procedure-related complications occurred in three patients
(6%), consisting of two minor femoral access-site hematomas
and one major event that was identified intraoperatively in a
patient who underwent surgery for persistent bleeding. This
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rate is at the lower end of the spectrum reported in the liter-
ature, where complication rates vary widely from 0% to 26%
[12]. Extrat et al. observed peri- and post-procedural compli-
cations in nearly 30% of cases, with ischemia being the most
frequent adverse event, and Nykinen et al. reported a compli-
cation rate of 36% in lower GI bleeding [18,20]. Compared
with these findings, our series demonstrates a relatively low
complication burden, which may reflect the use of superse-
lective techniques. Importantly, consistent with previous re-
ports, we found no significant difference between empiric and
selective embolization with respect to complications or clin-
ical outcomes [22,23]. This supports current evidence that
empiric embolization, when guided by reliable pre-procedural
findings, is a safe and effective option for carefully selected pa-
tients. Overall, TAE offers an acceptable safety profile and re-
mains a less invasive and safer option compared with surgery
for refractory gastrointestinal bleeding.

Limitations

This study has several limitations that should be acknowl-
edged. First, its retrospective and single-center design may
introduce selection bias and limit the generalizability of our
findings. Second, the sample size was relatively small, which
may have reduced the statistical power to detect associations
for some variables and may partly explain the discrepancies
with previous reports. Third, although we analyzed both up-
per and lower gastrointestinal bleeding together to reflect real-
world practice, this heterogeneity may have influenced the
outcome measures, because prognostic factors can differ be-
tween these populations. Fourth, variations in embolic ma-
terials and empirical versus selective embolization techniques
were determined by clinical context rather than by random al-
location, which may have introduced procedural bias. And
finally, non-significant associations with small-to-moderate
effect sizes should be interpreted with caution, as post-hoc
power analyses indicated limited statistical power for detect-
ing weaker effects.

B CONCLUSION

Transcatheter arterial embolization (TAE) is a safe and effec-
tive option for non-variceal gastrointestinal bleeding refrac-
tory to endoscopic therapy, offering high technical success
rates and low complication rates. Rebleeding was primarily
linked to malignancy, multi-vessel embolization, and negative
endoscopic findings, while mortality correlated with Rockall
score, platelet count, and INR. These results emphasize that
outcomes are mainly determined by comorbidity burden and
disease severity rather than procedural technique. Overall,
TAE remains a less invasive and reliable alternative to surgery.
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