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Abstract

BACKGROUND
Despite the improvement in the endoscopic hemostasis of non-variceal upper
gastrointestinal bleeding (NVUGIB), rebleeding remains a major concern.

AIM
To assess the role of prophylactic transcatheter arterial embolization (PTAE)
added to successful hemostatic treatment among NVUGIB patients.

METHODS

We searched three databases from inception through October 19%, 2020.
Randomized controlled trials (RCTs) and observational cohort studies were
eligible. Studies compared patients with NVUGIB receiving PTAE to those who
did not get PTAE. Investigated outcomes were rebleeding, mortality, reinter-
vention, need for surgery and transfusion, length of hospital (LOH), and intensive
care unit (ICU) stay. In the quantitative synthesis, odds ratios (ORs) and weighted
mean differences (WMDs) were calculated with the random-effects model and
interpreted with 95% confidence intervals (Cls).
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RESULTS

We included a total of 3 RCTs and 9 observational studies with a total of 1329
patients, with 486 in the intervention group. PTAE was associated with lower
odds of rebleeding (OR = 0.48, 95%ClI: 0.29-0.78). There was no difference in the
30-d mortality rates (OR = 0.82, 95%CI: 0.39-1.72) between the PTAE and control
groups. Patients who underwent PTAE treatment had a lower chance for reinter-
vention (OR = 0.48, 95%CI: 0.31-0.76) or rescue surgery (OR = 0.35, 95%ClI:
0.14-0.92). The LOH and ICU stay was shorter in the PTAE group, but the
difference was non-significant [WMD = -3.77, 95%ClI: (-8.00)-0.45; WMD = -1.33,
95%CI: (-2.84)-0.18, respectively].

CONCLUSION
PTAE is associated with lower odds of rebleeding and any reintervention in
NVUGIB. However, further RCTs are needed to have a higher level of evidence.

Key Words: Prophylactic transcatheter arterial embolization; Non-variceal upper
gastrointestinal bleeding; Rebleeding; Reintervention; Meta-analysis; Review

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Rebleeding remains a significant concern in patients with non-variceal upper
gastrointestinal bleeding (NVUGIB), despite the improvements in endoscopic and
pharmacologic treatments. Our systematic review and meta-analysis indicate that
prophylactic transcatheter arterial embolization (PTAE) compared to standard of care
is accompanied by lower odds of rebleeding, need for rescue surgery, and reinter-
ventions NVUGIB. However, we could not justify a beneficial effect of PTAE on
mortality rates compared with the standard of care. In line with our results, we suggest
using PTAE in selected cases, where risk stratification predicts high rebleeding risk or
the anatomical situation makes the secure and permanent endoscopic hemostasis
impossible.

Citation: Boros E, Sipos Z, Hegyi P, Teutsch B, Frim L, Vancsa S, Kiss S, Dembrovszky F,
Ostarijas E, Shawyer A, Er6ss B. Prophylactic transcatheter arterial embolization reduces
rebleeding in non-variceal upper gastrointestinal bleeding: A meta-analysis. World J
Gastroenterol 2021; 27(40): 6985-6999

URL: https://www.wjgnet.com/1007-9327/full/v27/i40/6985.htm

DOI: https://dx.doi.org/10.3748/wjg.v27.i40.6985

INTRODUCTION

Acute upper gastrointestinal bleeding (UGIB) remains a common medical emergency
with an incidence of 47-90/100000[1-3]. The age-standardized incidence of ulcer
bleeding decreased by 41.6% between 1983 and 2004 in a prospective observational
study; notable the decrease occurred only in people younger than 70 years of age[1].
Mortality in UGIB ranges between 1.1%-11%[4], although it has significantly
decreased due to improvements and innovation in both endoscopic and pharma-
cologic treatments[1,4]. The UGIB population characteristics have changed consid-
erably, the mean age of the patients has increased, the prevalence of co-morbidities is
higher than before, and the use of nonsteroidal anti-inflammatory, antiplatelet and
anticoagulant drugs is more widespread[1,5,6].

Rebleeding is a significant concern in patients with UGIB, occurring in 7%-16% of
cases despite endoscopic therapy[6]. As published in a study from the United
Kingdom in 2007, rebleeding is associated with a higher mortality rate, potentially
induces more extended hospital stay and need for reintervention[5]. Thus, preventing
rebleeding is a critical factor from the patients' and a healthcare economic view. The
management of non-variceal UGIB (NVUGIB) is well established in guidelines based
on a high level of evidence. In the post-endoscopy care of NVUGIB, a strong
recommendation is to use high-dose proton pump inhibitors and eradicate Helicobacter
pylori (H. pylori) if presence is established[7]. On the other hand, if rebleeding happens,
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the patient should receive a repeat upper gastrointestinal endoscopy[7]. In the case of
failure of this second attempt with endoscopic hemostasis, either transcatheter
angiographic embolization (TAE) or rescue surgery are indicated, as they provide the
same level of efficacy([8,9].

In contrast, there are only a few studies about the potential role of prophylactic
transcatheter arterial embolization (PTAE) in the management of NVUGIB. A recent
randomized controlled trial suggested that PTAE may reduce the incidence of
recurrent bleeding (10.2% vs 11.4%, P = 0.745), but they could not show a clear benefit
in adding angiographic embolization to endoscopic hemostasis in NVUGIB patients
[10]. Investigating a subset of patients with ulcers 15mm or more in size, PTAE
significantly reduced the risk of rebleeding (23.1% vs 4.5%, P = 0.027)[10]. A similar
improvement in the rebleeding rate after PTAE was observed in some cohort studies
[11-13].

Our study aimed to assess the role of PTAE among NVUGIB patients. We
hypothesized that PTAE could reduce the risk of rebleeding and even the mortality
rate among NVUGIB patients and improve other outcomes.

MATERIALS AND METHODS

We are reporting our systematic review and meta-analysis in line with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 2020 Statement
[14] (Supplementary Table 1) and also in line with the Meta-analysis Of Observational
Studies in Epidemiology (MOOSE) guidelines[15] because we included both RCTs and
observational cohort studies. Methods of the analysis and inclusion criteria were
established in advance, and the protocol was documented on the International
Prospective Register of Systematic Reviews (PROSPERO, registration number
CRD42021223726).

Systematic search

Three databases, MEDLINE (via PubMed), EMBASE, and Cochrane Central Register of
Controlled Trials (CENTRAL), were searched from inception through October 19,
2020. We applied the following search key: (embolization OR embolisation) AND
(peptic OR ulcer OR "gastrointestinal bleeding" OR nonvariceal OR non-variceal OR
"gastrointestinal hemorrhage" OR "gastrointestinal haemorrhage"). We did not use any
restrictions or filters during the search. We provide the complete search strategy in
Supplementary Appendix 1.

Selection and eligibility

After the automatic and manual removal of duplicates with a reference manager
software (EndNote X9, Clarivate Analytics, Philadelphia, PA, United States), screening
and selection for the title, abstract, and full text were undertaken independently by
two review authors. Cohen's kappa coefficient (k) was calculated after each step to
measure inter-reviewer reliability[16]. Disagreements were resolved through discu-
ssion with a third author. The references of the selected studies were examined to
identify any additional relevant studies.

To identify eligible studies, we used the population-intervention-control-outcome
(PICO) framework. Our investigated population (P) consisted of adult patients (age >
18 years) with endoscopy, digital subtraction angiography, or computed tomography
angiography proved NVUGIB source, who either underwent successful endoscopic
hemostasis or during angiography, there was no detectable contrast extravasation
described. Studies compared the outcomes of patients who received PTAE (I) to
patients who did not receive PTAE (C). The primary outcomes (O) were rebleeding
and 30-d mortality rate, and the secondary outcomes were in-hospital or overall
mortality rate, reintervention, need for salvage surgery, need of transfusion, length of
hospital (LOH), and intensive care unit (ICU) stay. We pooled studies with different
measurement time points regarding rebleeding (such as in-hospital, 28- and 30-d). If
articles did not provide a precise measurement time point for mortality, we referred to
that as "overall mortality". We defined reintervention as any repeated invasive
treatment of rebleeding such as embolization, endoscopy, or surgery. Randomized
controlled trials, prospective and retrospective observational cohort studies were
eligible. Case reports, case series with less than ten patients, and review articles that
did not report original research were excluded. In the case of publications using data
with overlapping study populations, we used the one with the bigger sample size.
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Data collection

Two independent review authors extracted data from eligible studies into a
predesigned data collection form. The following data were collected from each study:
first author, year of publication, study design, study period, study site (country),
demographic features of the study population, the number of participants with PTAE,
the number of patients without PTAE, bleeding etiology, type of embolic agents, data
on outcomes (rebleeding, surgery, mortality, reintervention, LOH stay, ICU stay, and
blood transfusion) in the intervention and control groups. In the case of the RCTs,
intention-to-treat and per-protocol data were collected separately.

Data synthesis and statistical analysis

A biomedical statistician performed the statistical analysis of the study. Calculations
were made by Stata 16 data analysis and statistical software (Stata Corp LLC, College
Station, TX, United States). In the case of dichotomous categorical outcomes (mortality,
rebleeding rate, etc.), we determined odds ratios (ORs) with 95% confidence intervals
(95%ClIs) from two-by-two tables (intervention vs control, outcome present and
absent). For continuous variables, weighted mean difference (WMD) with 95%ClIs
were calculated. A P value less than 0.05 was considered a statistically significant
difference. The random-effects model, according to the method of DerSimonian-Laird
[17], was used to calculate the pooled estimates. We used forest plots to present the
results of the meta-analyses.

I? and y? tests were performed to assess heterogeneity. I* values were described as
“minimal” (0%-40%), “moderate” (30%-60%), “substantial” (50%-90%), and “consid-
erable” (75%-100%) heterogeneity, with a P value < 0.1 considered significant, as
suggested by the Cochrane Handbook[18]. For the outcome of rebleeding, publication
bias was assessed by visual inspection of a funnel plot and Egger's test. As for the
other outcomes, we were unable to determine the presence of publication bias because
of the low number of studies included in each analysis.

Sensitivity analysis was carried out by removing each trial analysis in turn in the
case of rebleeding, reintervention, surgery, and need of transfusion outcome (the
leave-one-out-method).

We performed a subgroup analysis for rebleeding and compared randomized
controlled studies (RCTs) with non-randomized studies. For RCTs, we analyzed the
intention-to-treat and per-protocol analysis results separately. Trial Sequential
Analysis (TSA 0.9.5.10.) was performed for the RCTs regarding rebleeding to control
random errors and estimate the optimal information size.

Risk of bias assessment and certainty of the evidence

Two independent review authors carried out the risk of bias assessment. Discrepancies
were resolved by third-party arbitration. We followed the recommendations of the
Cochrane Prognosis Methods group, and we used the revised Risk of Bias (RoB) 2 tool
for randomized and the Risk of Bias In Non-randomized Studies - of Interventions
(ROBINS-I) tool for non-randomized studies[19,20]. We used the Risk-of-bias VISual-
ization (robvis) web-based tool[21].

Two independent review authors assessed the overall quality of evidence following
the recommendation of the "Grades of Recommendation, Assessment, Development,
and Evaluation (GRADE)" workgroup[22]. A third author resolved disagreements.
Summary of Findings table and the additional tables were prepared with the GRADE
profiler (GRADEpro) tool [GRADEpro Guideline Development Tool (Software)].
McMaster University, 2020 (developed by Evidence Prime, Inc.).

RESULTS

Search and selection

We identified 10591 records in three databases for evaluation. After removing
duplicates and careful selection by title and abstract, 46 articles were eligible for full-
text assessment. Altogether, 14 papers were retrieved for qualitative and 12 for
quantitative synthesis. Two studies[23,24] were excluded from the quantitative
synthesis due to major differences in intervention or outcome compared to other
included articles. In the study of Ying et al[23], the intervention group got not only
PTAE but also superior mesenteric arterial hypophysin infusion, which was too much
alteration from our PICO and inclusion criteria. In the publication of Yonemoto et al
[24], different outcomes (statistical analysis for laboratory data, number of endoscopic
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treatments) were presented than we were assessing in our meta-analysis. The selection
process is detailed in Figure 1.

Characteristics of the studies included

The 14 included studies are summarized in Table 1. We included in the quantitative
synthesis three randomized controlled trials[10,25,26], two prospective[11,12], and
seven retrospective cohort studies[13,27-32]. The source of bleeding was peptic ulcer
lesions in eight studies[10-13,25,29,30,32], while in four studies[26-28,31], NVUGIB
lesion was used as a generic term for various bleeding sources (e.g., angiodysplasia,
solid tumors, peptic ulcers). Each study had a relatively small sample size, with similar
characteristics between intervention groups. The eligibility criteria of the studies
included are presented in Supplementary Table 2. Most of the studies did not report
any adverse events during or after PTAE. Information about the reported endoscopic
treatments, technical success rate of PTAE, adverse events, and standard of care are
summarized in Supplementary Table 3.

Prophylactic transcatheter arterial embolization is associated with lower odds of
rebleeding

In our meta-analysis, we included a total of twelve studies with 1329 patients
evaluating the clinical effect of PTAE on various outcomes. In the intervention group,
486 patients received PTAE in addition to standard of care. There was a total of 843
patients in the control group.

PTAE is connected with significantly lower chance for rebleeding compared to the
control group (OR = 0.48, 95%CI: 0.29-0.78, P = 0.003; in a mildly heterogenous
dataset, I> = 33.0%, P = 0.126) (Figure 2).

For this comparison, publication bias assessment by visual inspection of a funnel-
plot and Egger's test was carried out, suggesting a likelihood for publication bias.
(Supplementary Figure 1). Leave-one-out analysis showed no significant change in the
overall odds for rebleeding (Supplementary Figure 2).

According to the RCT subgroup analysis with intention-to-treat data, there was no
significant difference between the PTAE and control group in the rate of rebleeding
(OR =0.58, 95%ClI: 0.27-1.25, P = 0.165; in a mildly heterogeneous dataset, I? = 12.6%, P
= 0.319) (Figure 2). However, with available per-protocol analysis results, the odds of
rebleeding were significantly lower in the PTAE group, compared to the control group
even according to the RCT subgroup analysis (OR = 0.42, 95%CI: 0.19-0.93, P = 0.033; [
I?=0.0%, P = 0.712]) (Supplementary Figure 3). The performed TSA showed that the
required information size was reached neither in the intention-to-treat nor in the per-
protocol calculation (Supplementary Figure 4A and 4B).

Prophylactic transcatheter arterial embolization is not associated with mortality in

non-variceal upper gastrointestinal bleeding

There was no significant difference neither in 30-day mortality [OR = 0.82, 95%CI:
0.39-1.72, P = 0.594; (I* = 19.6%, P = 0.290)], nor in in-hospital mortality rates [OR =
0.46, 95%CI: 0.19-1.14, P = 0.092; (I* = 0.0%, P = 0.713), respectively] between the PTAE
and control group (Figure 3A).

Prophylactic transcatheter arterial embolization seems to improve secondary

outcomes in non-variceal upper gastrointestinal bleeding

Patients who underwent PTAE treatment were less likely to need any kind of reinter-
vention caused by rebleeding, compared to those without PTAE (OR = 0.48, 95%CI:
0.31-0.76, P = 0.002; in a homogenous dataset, I = 0.0%, P = 0.636) (Figure 3B). We
found that PTAE group has significantly lower odds of rescue surgery in contrast with
the control group [OR = 0.35, 95%CI: 0.14-0.92, P = 0.033; (I* = 44.1%, P = 0.128)]
(Supplementary Figure 5). Leave-one-out analysis showed no major change in the
overall odds of reintervention or rescue surgery (Supplementary Figure 6 and 7).

The length of hospital stay was reported in four studies[10-12,25]. Our meta-
analysis established no statistically significant difference between the intervention and
the control group in the length of hospital stay [WMD = -3.77 days, 95%CI: (-
8.00)-0.45, P = 0.08; considerable heterogenous dataset, I* = 90.7%, P < 0.001]
(Figure 3C). In parallel, three publications[10-12] reported the length of ICU stay,
however the difference between the PTAE and control group was non-significant
[WMD = -1.33 days, 95%CI: (-2.84)-0.18, P = 0.084; I> = 84.8%, P = 0.001]
(Supplementary Figure 8).
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Table 1 Basic characteristics of included studies in the systematic review and meta-analysis

Number of
Stud . atients/ Female Age,' Bleedin .
Ref. Country . J Study period p . 0 ge, . g Outcome(s) Embolic agents
design intervention % (yr) etiology
group
Arrayeah  United Retrospective  1997-2009 73/56 40 61.1 NVUGIB  Rebleeding, 30-d Microcoils, gelatin
et al[27] States, cohort mortality, sponge, polyvinyl
Israel reintervention, alcohol particles
surgery
Dixonetal United Retrospective  05.2008-11.2010 27/20 18.5 66 NVUGIB  Rebleeding, 30-d Microcoils alone or
[28] Kingdom  cohort of mortality, combined with
duodenal  reintervention gelatin/ gelfoam
origin sponge, polyvinyl
alcohol particles
Kaminskis Latvia Prospective 2014-2018 399/58 444 67 High-risk  Rebleeding, in- ND
etal[l1] cohort peptic hospital mortality,
ulcer surgery, hospital
stay, ICU stay,
transfused blood
units
Kaminskis Latvia Prospective 2010-2013 75/25 66.6 64 High-risk  Rebleeding, in- Coil or sandwich
etal[12] cohort peptic hospital mortality, technique
ulcer surgery, hospital
stay, ICU stay,
transfused blood
units
Lau et al China Randomized  2010-2014 241/118 249 66 High-risk ~ Rebleeding, 30-d Sandwich technique:
[10] controlled peptic mortality, Coils and gel foam
trial ulcer reintervention, particles
surgery, hospital
stay, ICU stay,
transfused blood
units
Laursenet Denmark Randomized 11.2009-05.2012 105/49 44 73 High-risk ~ Rebleeding, in- Coils
al[25] controlled peptic hospital and 30-d
trial ulcer mortality, hospital
stay, readmission
Lebedev et Russia Retrospective  1991-2016 90/30 ND ND  Peptic Rebleeding, Microcoils, polyvinyl
al[29] cohort ulcer mortality alcohol
Milleetal ~ Germany Retrospective 2008-2012 102/55 314 70.7  Duodenal Rebleeding, 30-d Coils, cyanoacrylate
[30] cohort ulcer mortality, surgery, glue or both
transfused blood
units
Sildiroglu  United Retrospective  10.2001-11.2011 43/18 ND 60.1 NVUGIB  Rebleeding, Coils, gelfoam,
et al[31] States cohort mortality polyvinyl alcohol
Tongetal  China Retrospective  2014-2016 74/16 23 572  High-risk  Rebleeding ND
[13] cohort peptic
ulcer
Wu et al Australia  Retrospective  01.2008-12.2012 34/8 ND 701  Peptic Rebleeding ND
[32] cohort ulcer
Yingetal  China Randomized  05.2012-06.2013 66/33 25 51.5 Upper GIB Rebleeding Gelatin sponge
[26] controlled particles
trial
Yingetal  China Randomized  06.2010-06.2014 78/39 46.2 46,5 Upper GIB Short term Coils, gelatin sponge
[23] controlled haemostasis, long
trial term haemostasis,
hospital stay,
transfusion
Yonemoto Japan Retrospective  04.2005-12.2017 141/11 22.7 628  Duodenal Laboratory data at ND
et al[24] cohort ulcer initial diagnosis, the

amount of blood
transfusion, 30-d
mortality

1Age is given in mean or median. GIB: Gastrointestinal bleeding, ICU: Intensive care unit, ND: No data, NVUGIB: Non-variceal upper GIB.
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Lastly, the PTAE group needed significantly more units of blood transfusion, than
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Figure 1 Preferred reporting in systematic reviews and meta-analyses flowchart showing the selection process.
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Risk of bias assessment and quality of evidence

Among the included studies, four[10-12,25] were of low overall risk of bias, two[29,30]
were of high overall risk of bias, all the other studies were rated to carry moderate
overall risk of bias. The summary of the risk of bias assessment is shown in
Supplementary Figure 11-18.

We included all outcomes in the "Summary of findings table" (Supplementary
Table 4). The certainty of the evidence is very low for every outcome because our
meta-analysis mainly contained observational studies. We calculated the quality of
evidence among the RCT subgroup in rebleeding, and we found a moderate certainty
of the evidence for PTAE, lowering the chance of rebleeding.

DISCUSSION

In this study, we assessed the effect of PTAE in addition to the successful endoscopic
treatment of NVGUIB or PTAE as the first treatment option in case of not actively
bleeding patients with NVUGIB lesions. Based on our findings, PTAE is associated
with lower odds of rebleeding, need for additional reintervention, and rescue surgery
compared to standard of care. We found a roughly 50% lower rate of the outcomes
mentioned above, which is a considerable proportion, especially considering the
prevalence of NVUGIB.
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Events, Events, %
Studies OR (95%CI) Intervention Control  Weight
RCT E
Laursen et al. (2013) —_— 0.26 (0.05,1.27)  2/49 8/56 7.07
Ying et al. (2013) * : 0.36 (0.06,2.01)  2/33 5/33 6.36
Lau et al. (2019) —_— 0.88 (0.39, 1.99) 12/118 14/123  15.42
Subtotal (12=12.6%, P=0.319) <:>> 0.58 (0.27, 1.25) 16/200 27/212  28.85
:
non-RCT :
Tong et al. (2020) * : 0.12 (0.01, 0.95) 1/16 21/58 4.65
Wou et al. (2014) - : 0.15(0.02,0.90) 2/8 18/26 5.90
Lebedev et al. (2017) _‘—:— 0.19(0.05,0.71)  3/30 22/60 9.38
Kaminskis et al. (2019) —_— 0.21(0.05,0.88)  2/58 50/341 8.20
Kaminskis et al. (2017) —_— 0.48(0.12,1.92)  3/25 11/50 8.71
Arrayeah et al. (2012) —;"—— 0.59 (0.19,1.80)  29/56 11/17 11.23
Dixon et al. (2013) : + 0.63(0.09,4.49) 4/20 2/7 5.12
Mille et al. (2015) —:—‘— 1.03(0.29,3.61) 6/55 5/47 9.83
Sildiroglu et al. (2014) T 2.63(0.62,11.20) 6/18 4/25 8.13
Subtotal (12=41.4%, P=0.091) <}> 0.45(0.24,0.85) 56/286 144/631 71.15
:
Overall (12 =33.0%, P=0.126) <> 0.48(0.29,0.78)  72/486 171/843 100.00
NOTE: Weights are from relmdom effects analysis E :

0.01

1 100

Favours intervention Favours control

Figure 2 Forest plot of studies divided into subgroups representing that the overall odds of rebleeding were significantly lower in the
prophylactic transcatheter arterial embolization group. However, among the RCT studies, the difference was not statistically significant. RCT:
Randomized controlled trial; OR: Odds ratio; 95%Cl: Confidence interval.
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A recent meta-analysis of Chang et al[33] attempted to evaluate the role of PTAE in
the management of patients with high-risk peptic ulcer bleeding. They included only 2
RCTs and 3 observational studies in their meta-analysis while narrowing their search
to patients with a high risk of rebleeding. We designed our systematic search for
NVUGIB without restriction to high-risk peptic ulcer bleeding because of the various
NVUGIB bleeding etiologies that could be treated with TAE[9].

Rebleeding in the randomized controlled trials

We found three eligible RCTs[10,25,26], which provide the core of our meta-analysis
and the highest level of evidence. When we performed a subgroup analysis of the
RCTs for the rebleeding outcome, we found no significant difference between PTAE
and the control group. We think that the main reason why with intention-to-treat data,
we could not demonstrate the clear beneficial effect of PTAE is that in Lau et al[10]'s
study, 22 patients out of 118 (18.6%), and Laursen ef al[25], 18 out of 49 (36.7%) did not
receive embolization at all despite being in the embolization arm of the studies. When
we used per-protocol data, also in the RCT subgroup, there was a significantly lower
risk for rebleeding in the PTAE group. However, the TSA calculation showed that the
required information size was not reached, and our results are inconclusive.

It is important to note that in Laursen et al[25]'s study, 9% of the potentially eligible
patients were excluded because they were admitted to the hospital on weekends.
These patients could not receive the allocated intervention due to the lack of staff in
interventional radiology. This highlights that PTAE could be the most beneficial
treatment option in centers with well-established interventional radiology units.

According to Lau et al[10], the chance of recurrent bleeding was significantly
reduced in ulcers 15 mm in size or greater. Unfortunately, there was not enough data
on the size of the culprit lesions in the other included studies to perform a meta-
analysis. Nevertheless, risk stratification is essential before choosing between multiple
possible treatment modalities in the case of NVUGIB. Several studies[10-13,25] used
the Forrest classification, Rockall score, or the American Society of Anesthesiologists
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A
Events, Events, %
Studies OR (95%CI) Intervention  Control Weight
30-d mortality
Laursen et al. (2013) * 0.26 (0.05, 1.27) 2/49 8/56 17.73
Dixon et al. (2013) * 0.44 (0.06, 3.42) 3/20 2/7 11.62
Lau et al. (2019) + 0.62 (0.14, 2.64) 3/118 5/123  20.72
Mille et al. (2015) e 1.23 (0.36, 4.15) 7/55 5/47 2711
Arrayeah et al. (2012) * 2.21(0.56, 8.68) 18/56 317 22.83
Subtotal (12=19.6%, P =0.290) <:> 0.82(0.39, 1.72) 33/298 23/250 100.00
In-hospital mortality
Kaminskis et al. (2019) + 0.22(0.03, 1.86) 1/25 8/50 17.68
Laursen et al. (2013) * 0.43 (0.08, 2.35) 2/49 5/56 28.41
Kaminskis et al. (2017) — 0.61(0.18, 2.07) 3/58 28/341 53.91
Subtotal (I>=0.0%, P=0.713) <>' 0.46 (0.19, 1.14) 6/132 41/447 100.00
Overall mortality
Lebedev et al. (2017) * 0.07 (0.02, 0.25) 3/30 37/60 50.16
Sildiroglu et al. (2014) 0.82(0.22, 3.09) 5/18 8/25 49.84
Subtotal (I?=85.4%, P=0.009)  > 0.24 (0.02, 2.70) 8/48 45/85  100.00
NOTE: Weights are from random effects analysis
I I I
0.01 0.1 1 10
Favours intervention Favours control
B
Events, Events, %
Studies OR (95%CI) Intervention  Control Weight
l
1
Kaminskis et al. (2017) ¢+ : 0.17 (0.04, 0.80) 2/25 17/50 8.44
I
Arrayeah et al. (2012) —‘—i_ 0.30 (0.10, 0.94) 20/56 1117 15.91
1
Kaminskis et al. (2019) — 0.44 (0.18, 1.06) 6/58 71/341 26.20
I
Laursen et al. (2013) —‘__ 0.46 (0.11, 1.87) 3/49 7/56 10.30
|
I
Lau et al. (2019) —:—F— 0.77 (0.36, 1.67) 13/118 17/123 34.50
]
I
Dixon et al. (2013) — 0.94 (0.08, 11.15)  3/19 1/6 3.34
1
|
Mille et al. (2015) X 1.00 (0.02,51.99) 0/55 0/47 1.31
|
Overall (I?=0.0%, P = 0.636) <> 0.48 (0.31, 0.76) 47/380 124/640 100.00
:
|
NOTE: Weights are from random effects analysis
T T ' | |
0.01 0.1 1 10 100
Favours intervention Favours control
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C

N, mean N, mean %
Studies WMD (95%CI) (SD); Intervention (SD); Control ~ Weight
Laursen et al. (2013) ——%—— 850 (-11.17,-5.83) 49,7 (3.13) 56, 15.5 (9.62) 25.15

Lau et al. (2019)

Kaminskis et al. (2017)

Kaminskis et al. (2019)

Overall (12=90.7%, P = 0.000)

-6.50 (-10.32,-2.68) 118, 19.8 (12.7)  123,26.3 (17.3) 22.75
—_— -1.00(-3.13,1.13)  25,8.33(4.72) 50, 9.33 (3.82) 26.09

——  0.40 (-1.78, 2.58) 58,10.2 (8) 341,9.8 (6.8) 26.01

<>> -3.77(-8.00,045) 250 570 100.00
1

NOTE: Weights are from random effects analysis

I
-12

T I
-4 0 4

Favours intervention Favours control

Figure 3 Forest plot of studies. A: Representing no significant difference in mortality rates between the prophylactic transcatheter arterial embolization and the
control group; B: Representing significantly lower odds of reintervention in the prophylactic transcatheter arterial embolization than the control group; C: representing
no significant difference in length of hospital stay in days between the prophylactic transcatheter arterial embolization and the control group. OR: Odds ratio; 95%Cl:
Confidence interval; WMD: Weighted mean difference; SD: Standard deviation.
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score to assess the baseline risk of rebleeding or mortality among the patients, and it
was approximately the same between the PTAE and the control group.

Rebleeding in cohort studies

The publication of Mille et al[30] described that only high rebleeding risk patients got
PTAE, and in the control group were only low-risk patients. We consider this a
selection bias, causing confounding of the measured outcomes, which could explain
why they did not manage to find any difference in the rebleeding, reintervention, or
rescue surgery rate between the intervention and the control group. Applying the
leave-one-out method in the case of the study of Mille et al[30], there was no major
change in the overall odds for rebleeding, reintervention, and rescue surgery.

The study of Sildiroglu et al[31] was the only one where the PTAE group had a
worse rebleeding rate than the control group. There was no data on the baseline
characteristics of the two treatment groups, so we cannot explain this contradicting
result.

We included in our analyses four studies[26-28,31], with a definition of NVUGIB
including various sources such as peptic ulcers, tumors, Dieulafoy lesion, Mallory-
Weiss tear. Arrayeh et al[27] carried out a retrospective analysis that compared three
therapeutic options: angiography without embolization, PTAE, and TAE with an
abnormal angiogram. They published the interesting observation that patients with
duodenal bleeding due to a mass (various types of malignant) lesion had a greater
primary hemostasis rate 30 d after angiography compared with patients with nonmass
(different types of benign) sources of duodenal bleeding (100% vs 54%; P = 0.008). This
difference was not detectable between mass and nonmass lesions in the case of gastric
bleeding. We did not find data in other studies about the investigated outcomes
separated by the type of the bleeding lesion.

The rebleeding rate could also depend on whether NVUGIB has a gastric or
duodenal source. According to Arrayeh et al[27], PTAE may be advantageous in
patients with a duodenal source of bleeding but not in patients with gastric
hemorrhage. We did not identify enough evidence to support this inference because
none of the other included studies reported gastric and duodenal bleeding separately.
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Evidence about secondary outcomes

Our results indicated that PTAE does not improve the mortality rates of NVUGIB
significantly. We could not draw a clear conclusion about this outcome because of the
different time-frames for mortality assessment used between the different studies: 30-d
mortality was used in five studies[10,25,27,28,30], in-hospital mortality in three[11,12,
25] and two studies[29,31] did not report any time-frame for mortality. Mortality is
strongly associated with pre-endoscopy and complete Rockall score, according to
Hearnshaw et al[5] We can only speculate that numerous major confounding factors
affect the mortality of NVUGIB patients, and only one of them is the chosen treatment
modality.

We had predicted a shorter hospital stay and ICU stay in the PTAE group, but our
findings could not prove a significant difference between the two groups.
Interestingly, if we analyzed only the data coming from RCTs, there was an apparent
reduction in the length of hospital and ICU stay in the PTAE group compared with the
control group. This result highlights the possible bias of the observational cohort
studies.

The PTAE group needed slightly more red blood cell transfusion than the control
group, although the heterogeneity between the studies suggests a careful interpre-
tation of this finding. Since we assume a major confounding factor in the publication of
Mille et al[30], the difference was no longer statistically significant between the PTAE
and the control group after applying the leave-one-out method.

Methods reducing rebleeding risk in non-variceal upper gastrointestinal bleeding
There are a few therapies, which are already proved to reduce rebleeding from
NVUGIB. Proton pump inhibitors (PPI) significantly decrease the recurrence of
bleeding compared to control (placebo or histamine type 2 receptor antagonists);
pooled rates were 10.6% with PPI vs 17.3% with control treatment (OR = 0.49; 95%CI:
0.37-0.65) in a Cochrane review comprising 24 RCTs[34]. Our recent meta-analysis
showed that PPIs given either orally or intravenously are equally efficacious in
preventing rebleeding[35].

After peptic ulcer bleeding, investigation for the presence of H. pylori should be
mandatory. Our network meta-analysis[36] demonstrated that none of the individual
tests or the strategy of combined tests is superior in detecting H. pylori. Gisbert et al[37]
reported that rebleeding did not occur in patients with complicated ulcers after H.
pylori eradication; moreover, maintenance of anti-ulcer therapy is unnecessary if
eradication was achieved.

Endoscopic Doppler probe guided hemostasis significantly reduced the 30-d rates of
rebleeding compared with standard visually guided hemostasis in an RCT (11.1% vs
26.3%), and the use of the endoscopic Doppler probe was suggested for risk strati-
fication in the management of NVUGIB[38].

Another promising endoscopic technique to reduce the rebleeding rate of peptic
ulcers is over-the-scope clipping (OTSC), which is superior to standard therapy with
through-the-scope clips in preventing further bleeding according to the prospective
RCT of Schmidt et al[39].

A recent meta-analysis[40] showed that the routine second-look endoscopy was not
superior to a single endoscopy with complete endoscopic hemostasis in reducing the
risk of recurrent bleeding, mortality, or need for surgery in patients with acute UGIB
due to peptic ulcer disease. In contrast, according to our results, PTAE added to the
standard of care could decrease the probability of rebleeding. Moreover, PTAE might
reduce the need for surgery and any reintervention.

Strengths and limitations

Our work is assessing the potential effects of PTAE compared to the standard of care
in the treatment of NVUGIB. We used a rigorous methodology and followed a
transparent protocol, combined with a comprehensive statistical analysis as possible.
We collected a total of 486 patients who received PTAE, which is an infrequent
therapeutic choice so far.

The main limitation of our meta-analysis is that we collected our data mostly from
observational cohort studies, and we found only three RCTs comparing PTAE to the
standard of care. Thus, the quality of evidence for every outcome in our meta-analysis
is very low based on the GRADE framework. When we assessed the quality of
evidence regarding rebleeding in the RCT subgroup, we found moderate evidence for
the risk reduction with PTAE. The diversity of the NVUGIB population in some
studies could also limit our results and explain the statistical heterogeneity in some
cases. Significant differences are present in the embolic agents utilized for PTAE
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among publications. There was very restricted data on the endoscopic treatment
before PTAE, which could also influence the outcomes. The included studies contain
only limited information on secondary outcomes, so our conclusions about these are
less certain.

Implications for practice

In selected cases, where the previous risk stratification suggests high rebleeding risk or
the anatomical situation makes the secure and permanent endoscopic hemostasis
impossible, we can consider the routine use of PTAE. Considering the demographic
trends of NVUGIB, we predict that elderly, high-risk patients with co-morbidities
could benefit the most from PTAE as a therapeutic approach.

Implications for research

Further RCTs are warranted to achieve a higher level of evidence about the potentially
beneficial effects of PTAE. Developing an accurate risk stratification system would be
crucial to select the ideal candidates for PTAE. Clinical trials investigating the use of
existing risk scores or creating a new risk stratification tool of NVUGIB could help
clinicians choose between the emerging number of treatment options.

CONCLUSION

PTAE is accompanied by lower odds of rebleeding, need for surgery, and reinter-
ventions in NVUGIB. However, our meta-analysis could not justify a beneficial effect
of PTAE on mortality rates compared with the standard of care in NVUGIB.

ARTICLE HIGHLIGHTS

Research background
The prevention of rebleeding is one of the main goals in managing non-variceal upper

gastrointestinal bleeding (NVUGIB). Prophylactic transcatheter arterial embolization
(PTAE) can be used in NVUGIB as second-line therapy.

Research motivation
The results of the individual studies about the beneficial effects of PTAE among
NVUGIB patients were contradictory.

Research objectives

The authors aimed to carry out a comprehensive systematic review and meta-analysis.
The authors compared the PTAE to no embolization as a second line, prophylactic
treatment among NVUGIB patients.

Research methods

The authors conducted a systematic search in three databases (MEDLINE, EMBASE,
CENTRAL). The eligible studies compared patients with NVUGIB receiving PTAE to
those who did not get PTAE. The authors calculated odds ratios (ORs) with 95%
confidence intervals (CI) for rebleeding, mortality, reintervention, need for surgery,
and weighted mean differences (WMDs) of need for transfusion, length of hospital
(LOH), and intensive care unit (ICU) stay.

Research results

PTAE was associated with significantly lower odds of rebleeding, reintervention and
rescue surgery (OR = 0.48, 95%CI: 0.29-0.78; OR = 0.48, 95%Cl: 0.31-0.76; OR = 0.35,
95%ClI: 0.14-0.92; respectively). There was no significant difference in the mortality
rates, LOH, and ICU stays between the PTAE and control groups. The quality of
evidence for every outcome in our meta-analysis is very low based on the GRADE
framework.

Research conclusions
The results suggest that PTAE is a reasonable therapeutic choice to prevent rebleeding

or reintervention in NVUGIB, although it did not improve the mortality rates of
NVUGIB.
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Research perspectives

Further randomized controlled trials are needed about the use of PTAE. We also
propose a clinical trial that could recommend a new risk stratification tool of NVUGIB,
helping clinicians choose between treatment options.
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