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Abstract

BACKGROUND

The large majority of gastrointestinal bleedings subside on their own or after
endoscopic treatment. However, a small number of these may pose a challenge in
terms of therapy because the patients develop hemodynamic instability, and
endoscopy does not achieve adequate hemostasis. Interventional radiology
supplemented with catheter angiography (CA) and transarterial embolization
have gained importance in recent times.

AIM
To evaluate clinical predictors for angiography in patients with lower gastro-
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intestinal bleeding (LGIB).

METHODS

We compared two groups of patients in a retrospective analysis. One group had
been treated for more than 10 years with CA for LGIB (n = 41). The control group
had undergone non-endoscopic or endoscopic treatment for two years and been
registered in a bleeding registry (n = 92). The differences between the two groups
were analyzed using decision trees with the goal of defining clear rules for
optimal treatment.

RESULTS

Patients in the CA group had a higher shock index, a higher Glasgow-Blatchford
bleeding score (GBS), lower serum hemoglobin levels, and more rarely achieved
hemostasis in primary endoscopy. These patients needed more transfusions, had
longer hospital stays, and had to undergo subsequent surgery more frequently (P
<0.001).

CONCLUSION

Endoscopic hemostasis proved to be the crucial difference between the two
patient groups. Primary endoscopic hemostasis, along with GBS and the number
of transfusions, would permit a stratification of risks. After prospective
confirmation of the present findings, the use of decision trees would permit the
identification of patients at risk for subsequent diagnosis and treatment based on
interventional radiology.

Key Words: Lower gastrointestinal bleeding; Endoscopy; Angiography; Embolization;
Computed tomography angiography; Intervention

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

Core Tip: Transarterial embolization enables the clinician to control gastrointestinal
bleeding with high rates of technical and clinical success. We still do not know when
the clinician should conclude endoscopic procedures to control gastrointestinal
bleeding. This retrospective study compared patients with conservative treatment and
patients who underwent catheter angiography. Patients in the catheter angiography
group had a higher shock index, a higher Glasgow-Blatchford score and more rarely
achieved hemostasis in primary endoscopy. These patients needed more transfusions,
had longer hospital stays and had to undergo subsequent surgery more frequently.
Endoscopic hemostasis proved to be the crucial difference between the two patient
groups.

Citation: Werner DJ, Baar T, Kiesslich R, Wenzel N, Abusalim N, Tresch A, Rey JW.
Endoscopic hemostasis makes the difference: Angiographic treatment in patients with lower
gastrointestinal bleeding. World J Gastrointest Endosc 2021; 13(7): 221-232

URL: https://www.wjgnet.com/1948-5190/full/v13/i7/221.htm

DOI: https://dx.doi.org/10.4253/wjge.v13.i7.221

INTRODUCTION

Flexible endoscopy is the gold standard for the diagnosis and treatment of
gastrointestinal bleeding. The majority of lower gastrointestinal bleedings (LGIB)
subside spontaneously without intervention. An analysis of 2528 patients revealed that
a quarter of the patients received transfusions and 10% needed more than four red cell
concentrates[1]. Endoscopy discloses the bleeding in no more than 40% of cases[2].
Diverticular bleeding is the most frequent cause of LGIB, accounting for 30%-65% of
all cases. As many as 80% of these subside spontaneously[3]. Further frequent causes
of bleeding are angiodysplasia and hemorrhoids, as well as cancer[2,4]. Once the
bleeding is identified on endoscopy, more than 90% of these can be treated
successfully. The appropriate time point of diagnostic endoscopic investigation is still
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not clear, because approximately 85% of LGIB can be managed by supportive
treatment without any major threat to the patient’s health. Guidelines recommend
diagnostic endoscopy within 12-24 h[3-7].

Especially in cases of severe bleeding not amenable to endoscopic treatment,
surgery serves an additional invasive therapy option[2,4]. Besides, interventional
radiology has emerged as an important alternative in the last few years. A repeated
bidirectional endoscopy of flawless quality does not enhance the diagnostic yield. In
fact, it delays the course of treatment because the interval between the potential
bleeding event and subsequent investigations is prolonged. Thus, further radiological
investigation and treatment are obviously needed.

In cases of uncontrollable bleeding or recurrent non-varicose gastrointestinal
bleeding, the German guidelines for gastrointestinal bleeding recommend early
transfer of the patient to a center that provides the option of interventional radiology
[8]. Determining the ideal time point for this measure in the course of a patient’s
treatment appears to be of crucial importance.

Currently, radiological diagnostic investigation and treatment are largely oriented
to local facilities. These include, in particular, the availability of therapeutic endoscopy
and interventional radiology[2]. Interdisciplinary cooperation between gastroentero-
logists and radiologists is obviously a crucial factor. Prior to catheter angiography
(CA), it would be advisable to perform a computed tomography angiography (CTA).
The latter is propagated as an effective method for the localization of bleeding, as well
as pre-interventional viewing of vascular anatomy and the detection of relevant
additional findings[9].

Given the high sensitivity and specificity of CTA for the detection of active
gastrointestinal bleeding, this procedure is recommended in the guidelines[10]. Once
CTA has provided evidence of bleeding, CA with transarterial embolization (TAE) is
currently the method of choice for controlling an acute LGIB[10,11]. TAE enables the
clinician to control gastrointestinal bleeding with high rates of technical (90%-100%)
and clinical success (50%-90%), low complication rates of 1%-5%, and improved long-
term survival rates[4,7,12-16].

We still do not know when the clinician should conclude endoscopic procedures to
control gastrointestinal bleeding, whether CTA has an effect on the outcome, and
whether patients with no or a negative CTA should also be scheduled to undergo
angiography. In view of these facts, the present retrospective study was performed in
a large German single-center patient population at a maximum care hospital. We
assessed the course of treatment in patients with LGIB who had undergone interven-
tional radiological treatment. We focused on the identification of variables that raised
the likelihood of further radiological diagnosis (CTA) and treatment (CA/TAE) in the
course of disease.

MATERIALS AND METHODS

Patient groups

All patients with LGIB who had undergone a CA (CA-LGIB-group) at a maximum
care hospital from 1 January 2007 to 31 March 2018 were included in a retrospective
analysis. There were no exclusion criteria. The reference group included patients with
suspected LGIB who had undergone treatment from 1 January 2015 to 31 December
2016 (reference group with LGIB, K-LGIB). Patients already recorded in the CA-LGIB
registry were excluded from the K-LGIB group. One hundred and twenty variables
were registered in the K-LGIB registry, and 110 variables in the CA-LGIB registry.
Based on clinical estimates, we selected 20 common variables from both groups for the
purposes of the present study. The Glasgow-Blatchford bleeding score (GBS)[17], the
course of treatment, and the duration of hospitalization were also registered.

Endoscopy

Endoscopic diagnostic investigation and treatment were performed exclusively by
investigators who had several years of experience in endoscopic treatment. The data
were extracted from a reporting program named E&L (Clinic WinData, Nuremberg)
and the hospital information system (SAP, Walldorf). In endoscopic therapy, the
absence of hemostasis was defined as persistent bleeding under direct endoscopic
visual control, clinically persistent bleeding after the intervention, or persistent clinical
bleeding with a drop in hemoglobin levels.
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Figure 2 Full variable set for endoscopic hemostasis and the course of further treatment until angiography.
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Radiology

All CTA investigations were performed on a Siemens CT Somatom 128 device. A
standardized protocol was not used. Over the entire study period, the CA’s were
performed by five radiologists with several years of experience in interventional
radiology. In most cases we used a transfemoral access with a 5/6 French sheath, a
guiding catheter, and a microcatheter. Embolization was achieved with various
materials, such as coils, polyvinyl alcohol particles (PVA), or n-butyl cyanoacrylate
(NBCA). The technical success of CA was defined as the visualization of a suspected
bleeding vessel without extravasation or localization of the bleeding vessel and
performing TAE. Clinical success was defined as the absence of any complication after
30 d. The absence of complications included no repeat angiography, no surgical
intervention, or discharge of the patient. Hemodynamic instability was defined as a
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systolic blood pressure below 100 mmHg, a positive shock index, or transfusion of
four or more red cell concentrates in 48 h[18].

Statistical analysis

Data analysis was performed using R v3.6.1[19]. For two-sample comparisons
(Table 1), Wilcoxon's rank sum test was used for continuous data, circumventing the
requirements for normality of the f-test. Fisher's exact test was used for categorical
data. Variable importance (Figure 1) was determined with the randomForest package
v4.6.14[20], and decision trees (Figures 2 and 3) were constructed using the party
package v1.3.4[21]. The decision trees were based on the set of all variables, or a
reduced set composed of variables with assumed clinical relevance, using conditional
inference trees. This algorithm recursively applies binary partitions to the dataset,
splitting it by the most informative variable, as determined by Bonferroni-adjusted
Monte Carlo p-values. The partitions are applied until further splitting of the dataset
would not increase the predictive power of the tree any further (see stop criterion in
the package reference manual).

Variable importance (Figure 1): This bar chart shows the variable importance of all
features considered for the construction of the decision trees (Figures 2 and 3). Based
on the randomForest package for R[20], missing values were first imputed using
rfimpute, followed by the construction of a randomForest classifier. The shown metric
is the mean decrease in accuracy[22]. Such importance measures serve to identify
relevant features and perform variable selection.

Decision tree (Figures 2 and 3): Decision trees were constructed using the party
package for R[21], applying conditional inference trees either to the complete dataset
(Figure 2), or to a set of variables selected for assumed clinical relevance (Figure 3).
Each binary split (shown as a numbered box) is annotated with its corresponding p-
value. Each terminal node (shown as a bar) represents the percentage of angiography-
positive cases, with the individual numbers of positive and negative cases to the left.
Percentages of cases with angiographic evidence of bleeding, performed emboliz-
ations, and clinical success are given below each node.

Ethics vote

The study protocol conformed to the ethical guidelines of the 1975 Declaration of
Helsinki, and was approved by the ethics committee of the Regional Medical Society
of Hessen (Landesédrztekammer Hessen), approval number 2016/2017, on 31 August
2017. Written informed consent was obtained from each patient included in the
registry.

RESULTS

Description

Forty-one patients with LGIB underwent CA between 1 January 2007 and 31 March
2018. Diverticular bleeding (Figure 4) was the most common suspected cause of
bleeding (14/41, 34.1%). Endoscopic investigation demonstrated blood in the lower
gastrointestinal tract in 17/41 cases (41.5%). The exact site of bleeding could not be
localized in endoscopy in 23/41 patients (56.1%). Primary hemostasis in endoscopy
was achieved in 4/41 patients (9.8%). In the K-LGIB group, primary endoscopic
hemostasis was achieved in 88/92 cases (95.7%).

Seventeen of 41 patients underwent a CTA investigation prior to angiography. CTA
revealed extravasation of contrast medium, and therefore a suspected active bleeding,
in six cases. CA showed active bleeding in two of the six cases (Table 2). The cross-
sectional images yielded significant additional data, especially incidental evidence of
tumor, in 13 of 17 cases (76.5%).

An average of 2.2 d elapsed from the index endoscopy to the CA (minimum 0 days,
maximum 11 d). The time period from admission to the hospital until CA was on
average 3.0 d. Twenty-five patients (61.0%) were given anesthesia during the
angiography, and 16 (39.0%) were intubated for the intervention. Angiography yielded
evidence of bleeding in 18/41 patients (44.0%). In three of these patients, provocative
catecholamine therapy was used to demonstrate bleeding. All cases with contrast
extravasation received TAE. A superselective embolization could be performed in
16/18 cases (88.9%), and the TAE was successful in 16/18 patients (88.9%). Hemostasis
could not be achieved by angiography in two patients. One of these underwent
surgical treatment subsequently, and the other was discharged without further
treatment.
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Table 1 Selected variables for catheter angiography group and reference group with conservative treatment

CA-LGIB K-LGIB P value
General data
Number of patients (1) 41 92
TAE performed, n (%) 20 (48.8) 0
Age (yr) 72.8 73.2 0.4254'
Sex (%) 0.182”
Male 29 (70.7) 54 (58.2)
Female 12 (29.3) 38 (41.8)
Clinical data
RR sys (mmHg) 103 124 <0.0001"
HR (bpm) 97 82 <0.0001'
Shock index 1 0.7 <0.0001'
Transfusions (1) 7.44 0.55 <0.0001
Anticoagulants (%) 0.12*
Yes 22 (53.7) 63 (68.5)
No 19 (46.3) 28 (30.4)
BFS 11.49 8.28 <0.0001"
Hb (mg/dL) 7.98 10.7 <0.0001'
Thrombocytes (103/uL) 189 265 <0.0006'
Creatinine (mg/dL) 0.98 1.24 0.0255'
INR 1.27 1.29 0.1632"
Endoscopic data
Endoscopies prior to CA (1) 2.07 212 0.92!
Hemostasis achieved in primary endoscopy, 1 (%) <0.0001”
Yes 4(9.8) 88 (95.7)
No 37(90.2) 3(3.3)
Location of bleeding, 1 (%) <0.0087”
Ambiguous 7 (17.5) 43 (46.7)
Jejunum/ileum 4 (10) 1(11)
Colon 28 (70) 45 (50)
Others 1(2.5) 2(22)
Follow up
Duration of hospitalization (d) 19.44 9.79 <0.001'
Discharge, n (%) 25 (61.0) 83 (90.2) <0.0001"
Surgery, n (%) 13 (31.7) 4 (4.3)
Death, 1 (%) 3(7.3) 3(3.3)

Wilcoxon'’s rank sum test.
%Fisher’s exact test for count data.

LGIB: Lower gastrointestinal bleeding; CA: Catheter angiography; TAE: Transarterial embolization; CA-LGIB: Catheter angiography group; K-LGIB:
Reference group with conservative treatment; BFS: Glasgow-Blatchford bleeding score; HR: Heart rate; INR: International normalized ratio.

Coils were the most frequently used material for embolization (13/20). Due to the
absence of any evidence of bleeding, no embolization was performed in 21 cases
(51.2%). A prophylactic embolization was performed in two cases (4.9%). The average
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Table 2 Evidence of bleeding with reference to computed tomography angiography

LGIB (n=17) CA: Bleeding, y (%) CA: Bleeding, n (%)
CTA: Bleeding y (%) 2 (11.7) 4(23.5)
CTA: Bleeding, 1 (%) 4(23.5) 7 (41.3)

LGIB: Lower gastrointestinal bleeding; CA: Catheter angiography; CTA: Computed tomography angiography.

]
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Figure 3 Course of treatment until angiography with reference to the number of transfusions.

Figure 4 Lower gastrointestinal bleeding which failed endoscopic therapy and was controlled by transarterial embolization sucsessfully.

duration of angiography was one hour, and the overall duration of fluoroscopy 22
min. The median dose area product was 24662 cGy/cm? One patient died during the
angiography due to hemorrhagic shock. In three cases the investigation was discon-
tinued by the patients.

Twenty-two patients (53.6%) underwent a control endoscopy. Of these, 13 (59.1%)
had a normal report. One patient (4.5%) had necrosis due to ischemia, and 5/22
(22.7%) experienced renewed bleeding. In the CA group, 13/41 (31.7%) patients
underwent surgery, three (7.3%) died, and 25 (60.1%) could be discharged. Among
patients who underwent TAE, the procedure was clinically successful in 11/20
patients (55%).
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The K-LGIB group consisted of 415 treated cases, of whom 92 had LGIB. Table 1
summarizes demographic data, laboratory values, endoscopic findings, and the
outcome of treatment in both groups.

Courses of treatment

Weighting of variables for further differentiation was performed with the aid of
variable importance (Figure 1). Successful hemostasis in primary endoscopy, the
number of transfusions, and the site of bleeding were the major parameters.

All patients with failed primary hemostasis and a GBS >10 in either group
underwent angiography (n = 30). The latter investigation yielded evidence of bleeding
in 15 patients (50%). Embolization was performed in 16 (53%) patients and was
successful in 12 (40%), (Figure 2). Only one patient who achieved hemostasis in
primary endoscopy and needed less than two transfusions was scheduled for
angiography. Three of nine patients (33%) who needed more than two transfusions
underwent angiography, which yielded no evidence of bleeding in any case (Figure 2).

Angiographies were performed in 5/81 patients (6%) who received less than two
transfusions regarding both groups (K-LGIB and CA-LGIB), and yielded evidence of
bleeding in three cases. Of patients who were given more than two transfusions,
angiographies were performed in 36/59 patients (61%), revealed bleeding in 42%, and
the treatment was successful in 39% (Figure 3).

DISCUSSION

Despite high rates of endoscopic hemostasis and spontaneous hemostasis, a small
number of patients with severe LGIB require additional treatment after endoscopy[2].
CA and TAE have been established as successful treatment modalities for these
patients over the last few years. Surgery is needed in a small number of exceptional
cases[7]. In our retrospective analysis, we examined patients with LGIB who had
undergone CA over a period of 10 years.

Not surprisingly, endoscopic hemostasis was successful in just a small number of
patients in the CA group, but in as many as 88 patients (94.7%) in the reference group.
These data confirm the success of endoscopy for the management of bleeding[4,23]. In
endoscopic diagnostic investigation, hemostasis is a crucial factor to be considered
prior to CA (Figure 2). Our data analysis revealed that the failure to achieve primary
hemostasis in endoscopy was a major difference between the investigated groups. In
patients who had undergone CA, we also identified other parameters that might
justify the involvement of interventional radiology for the purpose of diagnosis and
therapy early in the course of the patient’s treatment. Specifically, these parameters are
the shock index, GBS, and the number of transfusions.

In accordance with published guidelines, patients in our study underwent
endoscopic investigation within a day after admission[8,24]. Diverticular bleeding was
suspected in a large number of those who underwent angiography. Localization of
bleeding and the achievement of endoscopic hemostasis are both particularly difficult
in patients with diverticular bleeding[25]. In cases of severe disease, it would be
advisable to consider angiography at an early point in time.

In our patients, pre-interventional diagnostic CTA investigations did not possess
sufficient sensitivity or specificity to predict the outflow of contrast medium on CA.
This contradicts published data, which consider CTA possibly even superior to
colonoscopy for acute diagnostic investigation[26]. The probability of contrast medium
outflow in the CTA is maximized in patients who receive a CTA < 60 min earlier.
However, the time period between the primary investigation and angiography had no
significant impact on the demonstration of contrast medium outflow[27].

In the published literature, CTA has been described as a useful procedure in
planning angiography as well[28]. In our retrospective analysis, a non-standardized
CTA investigation over a period of 10 years was a limiting factor in regard of the
outcome. As Table 2 shows, CTA yielded poor values for the quality criteria
(sensitivity, specificity, positive/negative predictive value). A diagnostic CTA
examination was only performed in about 40% of patients, and only a third of cases
were investigated with the specific aim of achieving morphological evidence of
bleeding on radiological investigation.

An adequately performed CTA investigation, as described by Bruce and Erskine[29]
(non-contrasted phase, arterial phase and late venous phase, prompt availability of
embolization facilities), is essential to ensure the high sensitivity and specificity of
CTA. Early diagnostic investigation by radiological procedures appears to be justified
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in hemodynamically unstable patients with no hemostasis in primary endoscopy. In
cases of proven bleeding, a CA should be performed immediately after the CTA[27].
When CTA shows no evidence of bleeding, the decision to perform a CA should be
made individually in each patient, because a CTA may yield false-negative findings in
rare cases[28]. Especially in clinically unstable patients with bleeding on endoscopy, in
whom CA is the last option before definitive surgical treatment, an angiography may
be meaningful even in the presence of a negative CTA report. Recommendations
issued so far suggest that all options to localize the source of bleeding should be
exhausted prior to CA, but the decision to perform a CA should not be dependent on
previous evidence of bleeding[11]. In the absence of bleeding on CA, a prophylactic
TAE or provocation of bleeding should be performed on an individual basis, and
might be justified as a means of preventing recurrence.

Published studies recommend superselective embolization for angiographic
localization of bleeding[30]. We used this approach in about 90% of our patients. The
choice of embolization material[31] is not important; it depends on the investigator’s
preference. We used coils in the large majority of cases. Published reports recommend
the use of other materials such as NBCA[30]. Adequate prospective studies on the
subject are lacking.

The high degree of technical success we achieved with CA is in line with published
data[16]. The detection of bleeding in a little less than a half of the patients has also
been confirmed in other studies[1,32]. Finally, our data revealed clinical success in
about one half of cases. Retrospective data concerning TAE show similar rates of
clinical success (46%-95%)[10,16,33]. Only 3% of patients with LGIB have symptoms of
shock and more than 50% have hemoglobin levels in excess of 12 mg/dL[1]. Thus, a
positive shock index may be a predictor of angiographic treatment after failed
endoscopic therapy. Our analysis revealed that the shock index was a significant
variable importance measure. Patients in the CA group had a significantly higher
shock index than those who had undergone conservative treatment and were given,
on average seven transfusions, which is a predictor of increased 30-d mortality[32,33].
Thus, TAE permitted successful treatment with a minimally invasive procedure in
approximately one half of critically ill patients. Surgery and further increases in
morbidity and mortality rates could thus be avoided.

Despite primary endoscopic investigation and treatment, angiographies were
performed on average within three days. In view of the fact that the patients usually
underwent two diagnostic endoscopies, this time interval is indicative of smooth
cooperation between the involved specialties, although the published guidelines
provide no recommendations about the ideal time point for CA[8]. Interestingly, and
analogous to endoscopic investigation, bleeding is detected on angiography more
easily when the examination is performed early after the detection of bleeding on CTA
[27].

A rising number of transfusions was shown to be a predictor of clinical failure in the
treatment of LGIB[11,33]. Furthermore, the probability of detecting bleeding on
angiography is significantly higher[27]. Not surprisingly, the number of transfusions is
an important parameter of variable importance and was of crucial significance in our
results. The GBS is also an extensively investigated factor in the treatment of
gastrointestinal bleeding. Although the GBS was actually developed for upper
gastrointestinal bleeding, it reduced hospital-based interventions and mortality rates
in LGIB as well[34,35]. Besides, we established GBS as a positive predictor in the
demonstration of bleeding on angiography.

Our retrospective data analysis served as a basis for the calculation of variable
importance. Subject to a prospective multicenter validation, our data provide potential
evidence of optimized treatment after failed endoscopic therapy. To our knowledge,
such courses of treatment have not been published so far. In addition to previously
published flow charts[2], these courses of treatment might serve as a crucial basis for
making decisions about CA. Depending on the parameters registered in our courses of
treatment (no hemostasis in primary endoscopy, more than two transfusions, BFS >
10), the clinician should consider the option of interventional radiological procedures.

Limitations

Contrast medium extravasation in TAE should be used as an endpoint in future
studies in order to validate the clinical parameters that indicate extravasation. This
aspect was not adequately registered in the present study. However, an important
point is the changing character of LGIB, which may mask bleeding. Besides, our
assumptions need to be validated prospectively. As mentioned earlier, a further
limitation of the present study is the use of a non-standardized computed tomography
(CT) protocol, which probably led to the selection of patients for angiography on the

WJGE | https://www.wjgnet.com 229 July 16,2021 | Volume13 | Issue7 |



Werner DJ et al. Angiographic treatment of LGIB

Jaishideng®

basis of certain clinical factors. In the future, a CT for the purpose of detecting an LGIB
should always be performed in accordance with the above mentioned model and if
possible in the acute phase of bleeding in order to ensure adequate selection of
patients for CA.

CONCLUSION

Although LGIB’s do subside spontaneously, or can be reliably and successfully treated
by endoscopy, the data reported in the present study are relevant for a small number
of patients. Angiography has undoubtedly gained increasing precedence over surgery
for the treatment of gastrointestinal bleeding. Further prospective analyses will be
needed to answer questions about the appropriate time point and the appropriate
radiological procedure for diagnosis and treatment. Following confirmation in
prospective investigations, our selected predictors and the retrospective courses of
treatment derived from these may contribute to the development of future decision
trees.

ARTICLE HIGHLIGHTS

Research background

The large majority of lower gastrointestinal bleedings (LGIB) subside on their own or
after endoscopic treatment. A small number of these may pose a challenge in terms of
therapy when endoscopy does not achieve hemostasis. Based on what we know,
transarterial embolization (TAE) enables the clinician to control gastrointestinal
bleeding.

Research motivation

The timing and value of computed tomography angiography (CTA) and catheter
angiography (CA) after failed primary hemostasis in endoscopy should be given
greater attention in the course of treatment. The use of easily determined diagnostic
and treatment parameters for identifying the best time point of escalation therapy in
terms of angiography is the principal motivation in this field of science.

Research objectives

The aim was to evaluate clinical predictors for CA in patients with LGIB and create a
practical decision-making aid based on these. It was shown that endoscopic
hemostasis in primary endoscopy, along with GBS and the number of transfusions,
were the most important factors in predicting CA.

Research methods

We performed a retrospective analysis of all patients with LGIB who received CA over
a 10-year period in a maximum-care hospital (CA-LGIB group). A group of patients
with LGIB who underwent conservative treatment served as the reference group (K-
LGIB group). We used mean decrease in impurity, a random forest-based metric for
variable importance, to assess the suitability of the collected data. Conditional
inference trees were employed to build decision-making aids based on binary splits.

Research results

Most patients with LGIB and no hemostasis received angiography within three days
after admission. We designed the treatment on the basis of the most important clinical
parameters [Glasgow-Blatchford bleeding score (GBS), shock index, and serum
hemoglobin levels]; these should help the clinician in making decisions about early
radiological treatment with CA and TAE. Endoscopic hemostasis proved to be the
crucial difference between CA and conservative treatment.

Research conclusions

Primary endoscopic hemostasis, along with the GBS and the number of transfusions,
could permit a stratification of risks. Courses of treatment might serve as a crucial
basis for making decisions about scheduling a patient to undergo CA. The present data
are intended to enhance the clinician’s awareness of angiographic diagnostic invest-
igation and treatment after or during failed endoscopic treatment.
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Research perspectives

The timing of the CTA, the procedure for a negative CTA in hemodynamically
unstable patients and the benefits of provocative CA should be investigated further.
Contrast extravasation in CA and subsequent TAE should be the endpoint of future
prospective studies. Hospitals will need strategies to transfer people with failed
hemostasis in primary endoscopy to interventional radiology.
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