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A B S T R A C T

Objectives

This is a protocol for a Cochrane Review (intervention). The objectives are as follows:

To assess the benefits and harms of the diEerent endoscopic management approaches for gastrointestinal angiodysplasia in symptomatic
adults.
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B A C K G R O U N D

Description of the condition

Gastrointestinal (GI) angiodysplasia, also known as arteriovenous
malformation or vascular ectasia [1], is the most common vascular
malformation in the GI tract [2]. These vascular malformations
are typically found in the GI tract, but extraintestinal involvement
has also been reported. One example is hereditary hemorrhagic
telangiectasia, which can aEect various organs, including the skin,
lungs, liver, and central nervous system [3]. The precise prevalence
of angiodysplasia in the GI tract is not well established. In a
combined analysis of three prospective studies on colonoscopic
screening for neoplasia in healthy, asymptomatic adults older than
50 years, only 8 out of 964 participants (0.8%) had angiodysplasia
[2]. This condition is predominantly observed in individuals older
than 50 years, and infrequently diagnosed in children [4].

Angiodysplasias are identified as aberrant, ectatic, and dilated
blood vessels, typically smaller than 10 mm in diameter, and
usually found in the mucosal and submucosal layers of the GI
tract [5]. GI angiodysplasia presents in single or multiple lesions
anywhere along the GI tract [4, 6, 7], but the most common site is
the small intestine (57% to 80%), especially the jejunum, followed
by the colon (44%), specifically the cecum, and the stomach (32%).
GI angiodysplasias are typically diagnosed incidentally, oLen in the
context of GI bleeding, or due to obscure bleeding, such as iron
deficiency anemia [8]. Nevertheless, only 5% to 10% of GI bleeds
are attributed to small bowel lesions, including angiodysplasia [9].
It is estimated that angiodysplasia accounts for 4% to 7% of non-
variceal upper GI bleeding, 35% to 50% of small bowel bleeding,
and 3% to 40% of lower bowel bleeding [8]. Meanwhile, small
bowel angiodysplasia is the underlying cause of nearly 30% to
40% of obscure GI bleeding cases. It is worth mentioning that GI
angiodysplasia is more commonly encountered in people with end-
stage renal disease, von Willebrand disease, and aortic stenosis [4,
10, 11].

The diagnosis of angiodysplasia is mostly achieved through
endoscopic procedures, although angiography may also be used in
certain cases [12]. Angiodysplasias are seen on endoscopy as small
foci of enhanced vascular markings with erythema [13]. Between
40% and 60% of aEected people exhibit multiple angiodysplasias
[2]. Although these lesions typically occur in the same portion of
the GI tract, synchronous lesions in other regions of the GI tract are
identified in approximately 20% of cases [14].

GI angiodysplasia is managed through various approaches,
including endoscopic therapy, surgical resection, or transcatheter
angiography and intervention. Pharmacological therapies
involving octreotide, thalidomide, or female sex hormones have
also been used [15, 16, 17, 18, 19]. However, it is important to
note that treatment outcomes can vary widely. While bleeding
from angiodysplasias tends to be recurrent and chronic, it
frequently ceases spontaneously [20]. The intensity of bleeding
also varies among aEected people, ranging from chronically well-
compensated in the majority to acutely life-threatening in some
cases. [21].

Description of the intervention and how it might work

Endoscopy represents a diagnostic and therapeutic tool
for GI angiodysplasia. Endoscopic management choices

include Argon plasma coagulation, bipolar electrocoagulation,
endoscopic resection, monopolar electrocoagulation, heater probe
coagulation, laser photocoagulation, mechanical hemostasis,
neodymium doped yttrium aluminum garnet, sclerotherapy, and
cryotherapy [7, 12, 22, 23]. Novel endoscopic options for the
management of angiodysplasia are continuously being developed,
including techniques such as radiofrequency ablation [24], and the
application of newer topical hemostatic agents, e.g. TC-325 [25].

The choice between these approaches depends upon the location
and mode of access to the lesion, the experience of the endoscopist,
and the availability of equipment [21]. The invasiveness of the
intervention also depends on the severity of the anemia and
bleeding, and the site, size, and number of lesions [7]. Nevertheless,
cautery via a variety of approaches is the most used endoscopic
therapy [21]. Given that a significant portion of people with
GI angiodysplasia are elderly, and oLen have comorbidities, it
is advisable to approach endoscopic interventions cautiously,
typically reserving them as a second-line therapy. Less invasive
treatments should be prioritized as initial options [12]. There is
currently a lack of studies comparing the utilization or outcomes of
endoscopic therapy for angiodysplasia in special populations, such
as disadvantaged individuals (e.g. people with poorer healthcare
accessibility or aEordability).

How endoscopic management works, diEers with the chosen
endoscopic approach. However, all modalities aim to obliterate
the malformed blood vessels, subsequently achieving hemostasis
and reducing bleeding recurrence. This, in turn, leads to
an improvement in anemia, and a decrease in transfusion
requirements and hospitalizations due to bleeding.

In this section, we will provide the mechanism of action, and
the main advantages and disadvantages of the most common
endoscopic interventions.

Argon plasma coagulation (APC). This technique delivers an
electrical current through a carefully administered and localized
cloud of argon gas to the tissue of the lesion. The argon gas is
ionized, allowing the transmission of a high-frequency current to
the lesion without direct contact, leading to thermal coagulation
of the abnormal vessels, subsequently sealing them. The main
advantages of APC include its availability, cost-eEectiveness, and
the shallow depth of the iatrogenic injury. However, it still carries a
risk of bowel perforation, and there is no consensus about its safety
compared to alternative methods [19].

Electrocoagulation. This is the ablation of the lesion by hot
probes, which induces thermal coagulation. Bipolar or heater
probe coagulation is widely used to treat angiodysplasia in the
colon and upper GI tract. The potential for perforation is heightened
when using heater probe coagulation in the colon and small bowel
beyond the duodenum. The utilization of monopolar coagulation
is currently discouraged, due to its association with an elevated
incidence of complications [26].

Photocoagulation (laser). This involves photoablation of
angiodysplasias using neodymium yttrium aluminum garnet
(Nd:YAG) or Argon laser [12, 22]. This method is expensive, requires
high expertise, and is poorly studied in the literature [26].

Injection therapy. In this technique, the lesion is obliterated by
the injection of a sclerosant, such as sodium tetradecyl sulfate
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or ethanolamine, into the lesion [27, 28]. The injection leads to
local inflammation and thrombosis, and subsequently, hemostasis.
While this approach has not been associated with significant
serious complications, it is important to note that the related
literature is limited. Furthermore, it remains a time-consuming and
technically challenging alternative [7, 12, 22].

Mechanical hemostasis. This method entails endoscopic clipping
or rubber band ligation of the lesion, which leads to ischemia and
subsequent necrosis of the targeted vessels. The current body of
studies is marked by a degree of methodological weakness and
relatively short follow-up periods [23, 29].

Evaluating the eEectiveness of treatment for angiodysplasia poses
a challenge, owing to the variable natural history of the condition
and the inconsistent impact of bleeding on quality of life. The
absence of prospective controlled trials and divergent findings add
complexity to this evaluation, compounded by the dependence of
the success rate on the characteristics of the lesion. Nevertheless,
management is mainly assessed based on the cessation of
bleeding, prevention of rebleeding, and improvement in a person's
clinical status. It is noteworthy that the durability of the treatment
eEect is crucial, underscoring the importance of long-term follow-
up to monitor for recurrence. Although endoscopic management of
angiodysplasias is generally regarded as a safe intervention, it is not
without possible adverse events. These complications encompass,
but are not limited to, bleeding and perforation. Vigilant monitoring
is therefore, imperative [22].

Why it is important to do this review

To date, the literature available on angiodysplasia treatment is
limited, leading to the construction of therapeutic algorithms
in a somewhat arbitrary manner. A few studies compared the
benefits and harms of endoscopic and conservative management
for GI angiodysplasia [7, 12, 22, 23]. However, the diverse array
of available treatment choices continues to pose a significant
challenge in decision-making. Notably, a narrative review in 2011
[7], and a systematic review in 2014 [23], evaluated the benefits
and potential harms of the therapeutic modalities, including
endoscopic and medical therapies. However, the reviews were
constrained by their inclusion of studies published in English
only, or indexed in specific databases. They also incorporated
observational retrospective studies, which might have increased
the risk of bias in the resulting findings. Furthermore, their results
may be considered outdated, given the evolving landscape of
research in this field. Relevant evidence, such as the long-term
multicenter study by Rahmi and colleagues [30], was published
aLer these reviews. Recognizing the unmet need for up-to-date
and comprehensive recommendations for the management of
GI angiodysplasia [23], this systematic review will use Cochrane
systematic review methodology, extend the databases in the
search strategy, exclude observational studies, and include recent
research. Through these rigorous methods, we aim to draw
valuable conclusions that can contribute to the establishment
of a current well-informed algorithm for the management of GI
angiodysplasia.

O B J E C T I V E S

To assess the benefits and harms of the diEerent endoscopic
management approaches for gastrointestinal angiodysplasia in
symptomatic adults.

M E T H O D S

Throughout the Methods section, we adhered to the MECIR
guidelines and the 2020 PRISMA standards.

Criteria for considering studies for this review

Types of studies

We will include randomized controlled trials (RCTs) and quasi-
randomized trials (i.e. RCTs in which treatment allocation is
accomplished by alternating days, medical record numbers, date
of birth, or other predictable techniques). We will include studies
published as full text, those available only as abstracts, and
unpublished data, regardless of the language of presentation.

Types of participants

We will include studies enrolling human participants (18 years or
older) with angiodysplasia at any level of the gastrointestinal (GI)
tract, who have occult or overt GI bleeding, or symptomatic iron
deficiency anemia.

We will exclude participants with gastric antral vascular ectasia
(GAVE), because GAVE and GI angiodysplasia are believed to be
distinct pathologies [31]. We will also exclude studies with a follow-
up period of less than 30 days.

If we encounter scenarios in which participant populations are
mixed, and we cannot separate between valid participants and
those who meet the exclusion criteria outlined below, we will
exclude the entire study from our analysis:

1. Participants who were incidentally diagnosed with GI
angiodysplasia during diagnostic endoscopy, which was not
meant to investigate bleeding or iron-deficiency anemia

2. Participants with portal hypertensive gastropathy

3. Participants who received a combination of treatments (e.g.
endoscopy and medical therapy, combination of endoscopic
approaches, aLer switching groups in cross-over trials, etc.)

Types of interventions

We will include studies comparing endoscopic management of
any type with sham endoscopy, or non-endoscopic treatment,
including one or more of the following: medical therapy (any drug
and any dosage), surgical management, interventional radiology,
blood transfusion, or observation. We will also include studies
comparing the diEerent approaches of endoscopic management.
If administered, combined medical treatments must be applied
uniformly across all study groups for the study to be included.

Outcome measures

Critical outcomes

We will include all studies that compare the eEect of endoscopic
management in:

1. Suppression of angiodysplasia-related GI-hemorrhage, as
determined by any of the following parameters, at any time
point 30 days or more following the intervention:
a. Reduction in the number of angiodysplasia-related GI

bleeding episodes during the follow-up period

b. Decrease in the number of blood transfusion units
administered during the follow-up period
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c. Stability of hemoglobin/hematocrit levels: no further drop
beyond 1 g/dL for hemoglobin and 5% for hematocrit
following the intervention

d. Recurrence of angiodysplasia-related GI bleeding, defined
as the occurrence of detectable bleeding (i.e. hematemesis,
melena, or hematochezia) or a reduction in hemoglobin
levels by more than 1 g/dL during the specified follow-up
period

2. The incidence and severity of any adverse events associated
with the use of any endoscopic approach for GI angiodysplasia
(e.g. perforation). Adverse eEects will be considered severe if
they result in one of the following:
a. Intensive care unit admission or intubation

b. Shock

c. Vasopressors indications

d. Intra-abdominal infections

We will specify the scales assessing health-related quality of life
among the secondary outcomes by providing a detailed list of the
specific instruments based on the available data from the studies.

Important outcomes

This review will also study:

1. The duration of hospital admission

2. Scales assessing health-related quality of life, including mainly
the 36-Item Short Form Health Survey (SF-36)

3. Mortality:
a. All-cause mortality

b. Cause-specific mortality

Information about all outcomes meeting inclusion criteria will be
gathered from eligible studies, contingent upon their availability.
We will delineate four key timeframes for outcome assessment:
the immediate post-intervention phase (occurring within 48 hours
of the intervention), short-term outcomes (one to four weeks
post-intervention), medium-term outcomes (around three to six
months post-intervention), and long-term outcomes (one year or
more post-intervention). If a study presents multiple time points
for a particular outcome, we will extract all reported time points
and organize them according to our specified periods of interest,
prioritizing long-term outcomes when available. It should be noted
that we will exclude studies with less than 30 days of follow-up.
Therefore, we will report the immediate and short-term outcomes
only as complementary to long-term follow-up outcomes.

Search methods for identification of studies

Electronic searches

We will search the following electronic databases to identify
potential studies.

1. Cochrane Central Register of Controlled Trials (CENTRAL;
current issue) in the Cochrane Library

2. MEDLINE Ovid (1946 to present)

3. Embase Ovid (1974 to present)

4. Web of Science Core Collection

5. Scopus

6. Google Scholar; searched using the Bramer method [32].

We will identify ongoing trials by searching:

1. US National Institutes of Health Ongoing Trials Register
ClinicalTrials.gov (www.clinicaltrials.gov)

2. World Health Organization (WHO) International Clinical Trials
Registry Platform (ICTRP; trialsearch.who.int/)

3. International Standard Randomized Controlled Trial Number
Registry (http://www.ISRCTN.com; Supplementary material 1)

We will align our search hedges to identify RCTs with Cochrane
recommendations in MEDLINE and Embase, and adapt the new
Embase hedge for Scopus and Web of Science [33].

This search strategy will use a combination of keywords and
controlled vocabulary to identify relevant studies. We will apply no
limitations to publication year, publication status, document type,
or language.

Searching other resources

We will inspect the references of all included studies and relevant
review articles for additional relevant publications. We will also
contact authors of the included trials to inquire about further
published or unpublished studies. Lastly, we will attempt to retrieve
the complete data of relevant studies that are not published as full
text, by approaching their contact authors.

Data collection and analysis

Selection of studies

Two review authors (AA and ZA) will independently screen the titles
and abstracts of all the references identified by the search, and code
them as retrieve (eligible, potentially eligible, or unclear) or do not
retrieve. ALer retrieving the full text of reports or publications, two
review authors (AA and ZA) will independently screen the full text,
identify studies to be included, and identify and record reasons for
exclusion of the ineligible reports. Disagreements will be resolved
through discussion or by referring to a third review author(AC).

We will identify and exclude duplicates if found, and collate the
multiple reports of the same study, so that each study, rather than
each report, is the unit of interest in the review. The selection
process will be reported in suEicient detail to complete a PRISMA
flow diagram and characteristics of excluded studies table.

Data extraction and management

We will use a standard data collection form for extraction of studies’
characteristics and outcome data. We will prepare it by amending
the Cochrane template form to better fit the aims of our review, aLer
piloting it on at least three studies included in this review. We will
collect the following characteristics from each study:

1. General information: journal name, year of publication, volume,
authors’ names, and correspondence

2. Study design and settings: arms, date of study, total duration
of study and run-in, number of study centers and location,
withdrawals, and follow-ups

3. Participants: number of participants, mean age, age range,
gender, comorbidities, endoscopic technique used for diagnosis
of angiodysplasia, location of angiodysplasia, number of
lesions, previous therapy (endoscopic, pharmacologic, surgical,
or multiple treatments), response to prior treatment, bleeding,
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annual blood transfusions, inclusion criteria, and exclusion
criteria

4. Interventions: the type of the intervention, comparisons,
concomitant interventions, and excluded interventions

5. Outcomes: primary and secondary outcomes including reported
time points, and adverse events

6. Notes: funding of the trial, and notable conflicts of interest of
trial authors

Two review authors (AA and ZA) will independently extract the
data from the included studies. We will resolve disagreements by
consensus or by involving another review author (AC), who will also
check for disagreements and copy the information from the data
collection form into the Review Manager file [34]. The third review
author (AC) will also double-check the entries by comparing the
study reports with how the data are presented in the systematic
review. A fourth review author (IH) will undertake an additional
check of study characteristics and the inclusion/exclusion tables for
accuracy.

Risk of bias assessment in included studies

Two review authors (AA and ZA) will independently assess the risk
of bias for each study in accordance with the Cochrane Handbook
for Systematic Reviews of Interventions [35]. Any disagreement will
be resolved by discussion, or by involving a third review author (AC).
We will use the RoB 2 tool to assess the risk of bias in the included
RCTs [36], according to these domains.

1. Bias arising from the randomization process: assesses random
sequence generation and allocation concealment

2. Bias due to deviations from intended interventions: assesses
adherence to the intended intervention and the blinding of
participants and personnel

3. Bias due to missing outcome data: evaluates the extent and
handling of missing data

4. Bias in measurement of the outcome: examines the blinding of
outcome assessors and the accuracy of outcome measurement

5. Bias in selection of the reported result: considers whether all
prespecified outcomes were reported and whether selective
reporting occurred

We will assess each domain in each study that measures an
outcome, based on the signaling questions of the RoB 2 tool, and
categorize the risk of bias as: low risk of bias, some concerns, or high
risk of bias. This will then be mapped to judge the overall risk of bias
for each domain. We will provide justifications for our judgments in
the risk of bias table, by including quotes from the study articles.
We acknowledge that blinding of participants and personnel will be
impossible in specific comparisons, such as comparing surgery to
endoscopic interventions; however, blinding of outcome assessors
should be possible even in these cases. We will note information
about the risk of bias in the risk of bias table when this information
describes unpublished data or correspondence with investigators.

When considering treatment eEects, the overall level of risk of bias
for an individual domain will imply that the overall risk of bias for
the result is at least this severe. This will be taken into account as
part of the analysis, GRADE methodology, and conclusions.

Measures of treatment e9ect

Dichotomous data will be analyzed as risk ratio and continuous
data as mean diEerence or standardized mean diEerence, along
with 95% confidence intervals (CIs). We will ensure that higher
continuous outcome scores have the same meaning for the specific
outcome, clarify the direction to the reader, and disclose when we
reversed the directions, to ensure the scores represented the same
improvement or deterioration. When a trial’s data are not normally
distributed, we may present its data as median and range. If two
comparison groups must be included in the same meta-analysis
(e.g. intervention A versus sham and intervention B versus sham),
we will split the control group into halves, to avoid double counting.

Unit of analysis issues

The unit of analysis will be the individual participant. For RCTs with
a cluster design, we will calculate the design eEect based on an inter
cluster correlation, as recommended in the Cochrane Handbook
[37]. When multiple trial arms are reported in a single trial, we will
only include data from the relevant arms. We will exclude groups
with combined therapy (e.g. endoscopy and medical therapy). We
will only include the data of participants before switching groups,
if we include cross-over trials.

Dealing with missing data

We will contact trialists or study sponsors to verify the main study
characteristics and obtain missing numerical outcome data, if
indicated (e.g. when a study is only published as an abstract). If
we do not receive the information from the researchers or research
sponsors, we will assume the mean from the median (i.e. consider
median as the mean) and the standard deviation from the standard
error, interquartile range, or P value, according to the Cochrane
Handbook [37]. We will estimate the eEect of including such trials
in a sensitivity analysis. If we are unable to calculate the standard
deviation from standard error, interquartile range, or P value, we
will impute standard deviation as the highest standard deviation in
the other trials included for that specific outcome, fully aware that
this method of imputation will decrease the weight of the studies in
the meta-analysis of mean diEerence, and shiL the eEect towards
no eEect for standardized mean diEerence.

Reporting bias assessment

If we are able to pool over 10 trials, we will construct and assess a
funnel plot to investigate potential publication biases. We will use
Egger’s test to determine the statistical significance of the reporting
bias [38]. We will consider a P value lower than 0.05 to reflect a
statistically significant reporting bias.

Synthesis methods

We will undertake meta-analyses only when the treatments,
participants, and the clinical question are suEiciently similar for
pooling to be reasonable. We will use a random-eEects model as
the default approach. To assess the resilience of our results across
diEerent methods, we will undertake sensitivity analyses for the
primary outcomes using fixed-eEect models. Should discrepancies
arise between the two models, we will present both sets of
results; otherwise, we will only present the outcomes from the
random-eEects model. If we include fewer than two studies, or find
considerable heterogeneity (I2 ≥ 75%), even aLer removing outliers
(studies with markedly diEerent intervention eEect estimates), we
will summarize the results using a narrative synthesis, according to
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Synthesis Without Meta-analysis (SWiM) guidelines, rather than a
pooled statistical synthesis [39].

We will use the I2 statistic to numerically measure heterogeneity
among the trials in each analysis [37]. If we identify substantial
heterogeneity, as outlined in the Cochrane Handbook (greater than
50%), we will explore it by prespecified subgroup analysis [37]. We
will also visually assess heterogeneity, by evaluating whether there
is good overlap of confidence intervals in the forest plots. In the case
of significant clinical or methodological heterogeneity, we will try
to explain it on the basis of diEerent study features and subgroup
analyses.

Investigation of heterogeneity and subgroup analysis

We propose to carry out the following subgroup analyses:

1. Focal versus multiple angiodysplasia lesions

2. Involvement locations within the GI tract: angiodysplasia in
the small intestine, angiodysplasia in the large intestine, and
angiodysplasia situated in more than one of the previously
mentioned locations

3. Trials with endoscopic management as the primary therapy for
angiodysplasia versus trials using endoscopy only in persons
unresponsive to other therapies

We will try to assess all the critical and important outcomes in our

subgroup analyses. We will use the formal Chi2 test to investigate
subgroup diEerences and to discover any subgroup interactions.

Equity-related assessment

We do not plan to investigate health inequities. The rationale for
this decision is based on the primary objective of this report, which
is to evaluate the eEicacy and safety of endoscopic interventions
for this condition. Including an analysis of health inequities would
require an additional set of data and methodological approaches,
which are beyond the scope of our current research objectives.
In addition, we expect a limited body of evidence on this topic,
which may not provide suEicient data to robustly analyze health
inequities.

Sensitivity analysis

We will undertake these sensitivity analyses to assess the
robustness of our conclusions.

1. Excluding trials with unclear or high risk of bias for one or more
risk of bias domains (other than blinding of endoscopist)

2. Excluding clinical trials in which either the mean, the standard
deviation, or both were not reported

3. Excluding clustered-RCTs in which the adjusted estimates of
eEect were not provided

4. Various approaches of dealing with multi-armed trials, such
as combining groups, independent comparisons, or excluding
certain arms

5. Comparisons between the random-eEects and the fixed-eEect
models of analysis, as detailed above

Certainty of the evidence assessment

We will create a summary of findings table for each comparison:
endoscopic management versus sham endoscopy, and endoscopic
versus non-endoscopic treatment.

These tables will encompass both critical outcomes: suppression
of angiodysplasia-related GI-hemorrhage, and the incidence and
severity of any adverse events associated with the use of any
endoscopic approach. We will prioritize results from the long-term
follow-up assessment period.

Two review authors (AA and ZA) will independently use the
five GRADE considerations (study limitations, consistency of
eEect, imprecision, indirectness, and publication bias) to assess
the certainty of the body of evidence, based on the studies
that contributed data to the meta-analyses for each outcome,
categorizing it as high, moderate, low, or very low. We will use
the methods and recommendations described in Section 8.5 and
Chapter 12 of the Cochrane Handbook [40], and GRADEpro GDT
soLware [41]. Briefly, RCTs provide high-certainty evidence, but the
level may be downgraded due to: overall risk of bias, indirectness
of evidence, inconsistency of eEect, imprecision, and publication
bias. When there is disagreement between AA and ZA, and they can
not achieve consensus, they will consult IH.

Finally, we will assess whether there is additional outcome
information that was not incorporated into the meta-analyses,
which we will highlight in the comments. We will specify whether
the additional information confirms or disagrees with the results of
the meta-analyses.

Consumer involvement

Consumers did not participate in the creation of this protocol
and will not be involved in the review process, due to resource
constraints. Nonetheless, the authors incorporated core outcome
sets for the review's outcomes, which were developed with input
from consumers.
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