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Role of the endoscopic Doppler probe in nonvariceal
upper gastrointestinal bleeding: Systematic review

and meta-analysis

Nicolas Chapelle,’?

Myriam Martel,* Marc Bardou,? Majid Almadi® and Alan N. Barkun**

'Service de Gastroentérologie, Oncologie Digestive et Assistance Nutritionnelle, Institut des Maladies de
I’Appareil Digestif, 2INSERM, Center for Research in Transplantation and Translational Immunology, UMR 1064,
ITUN, Nantes Université, CHU Nantes, Nantes, 3INSERM CIC 1432, CHU Dijon-Bourgogne, Universite de Bourgogne,
Dijon, France, “Research Institute of the McGill University Health Center, *Division of Gastroenterology, McGill
University Health Center, McGill University, Montreal, Canada and °Department of Medicine, King Saud

University, Riyadh, Kingdom of Saudi Arabia

Objectives: The effectiveness of the Doppler endoscopic
probe (DEP) remains unclear in nonvariceal upper gastrointesti-
nal bleeding (NVUGIB). We thus performed a systematic review
characterizing the effectiveness of DEP in patients with NVUGIB
addressing this question.

Methods: A literature search was done until July 2021 using
MEDLINE, EMBASE, and ISI Web of Science. A series of meta-
analyses were performed assessing outcomes among observa-
tional and interventional studies for DEP signal positive and
negative lesions as well as DEP-assisted versus standard
endoscopies. The primary outcome was “overall rebleeding”;
secondary outcomes included all-cause mortality, bleeding-
related mortality, need for surgery, length of stay, intensive
care unit stay, and angiography.

Results: Fourteen studies were included from 1911 citations
identified. Observational studies compared bleeding lesions
with DEP-positive versus DEP-negative signals (11 studies,
n = 800 prehemostasis; five studies, n = 148 with posthemostasis

data). Three interventional studies (n = 308) compared DEP-
assisted to standard endoscopy management. DEP signal
positive versus negative lesions either prior to or following
any possible hemostasis were at greater risk of overall
rebleeding (odds ratio [OR] 6.54 [2.36, 18.11] and OR 25.96
[6.74, 100.0], respectively). The use of DEP during upper
endoscopy significantly reduced overall rebleeding rates
(OR 0.27 [0.14, 0.54]). When removing outcomes analysis for
which only one study was available, all evaluable outcomes
were improved with DEP characterization of management
guidance except for all-cause mortality.

Conclusion: Although with low certainty evidence, DEP-
related information improves on sole visual prediction of
rebleeding in NVUGIB, with DEP-guided management yielding
decreased overall rebleeding, bleeding-related mortality, and
need for surgery.

Key words: Doppler endoscopic probe, endoscopy, peptic
ulcer disease, upper gastrointestinal bleeding

INTRODUCTION

ESPITE A DECREASING incidence over the past
decades, nonvariceal upper gastrointestinal bleeding
(NVUGIB) remains one of the most common gastrointesti-
nal emergencies. Its management and outcomes have
improved but mortality remains significant.* Adoption
of the Forrest endoscopic risk stratification has successfully
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guided the management of patients with NVUGIB (espe-
cially with bleeding ulcers) for almost 50 years.® Attempts
to improve on this endoscopic risk assessment included the
development of a through-the-scope endoscopic Doppler
probe or Doppler endoscopic probe (DEP) as early as
40 years ago.’ Indeed, such technology can detect arterial
submucosal blood flow during endoscopy by passing a
probe through the operating channel of the endoscope. The
device and its use are further detailed elsewhere.*> It may
be used prior to endoscopic treatment to estimate the
intrinsic rebleeding risk of a lesion and the subsequent
need for endoscopic hemostasis, and/or after treatment to
assess its effectiveness. Of note, DEP use does not require
advanced ultrasonographic or Doppler expertise and has
been shown to be cost-effective, providing immediate and

© 2022 Japan Gastroenterological Endoscopy Society.


https://orcid.org/0000-0003-4834-9693
https://orcid.org/0000-0003-4834-9693
https://orcid.org/0000-0003-4834-9693
mailto:

Digestive Endoscopy 2023; 35: 4-18

Doppler endoscopic probe NVUGI bleeding 5

actionable objective information.® Despite being US Food
and Drug Administration-approved since April 2003, the
DEP technology has never been widely adopted. Despite
the recent publication of a randomized clinical trial, which
has led to renewed interest in this technique,” DEP use was
not addressed by recent international and North American
guidelines published in 2019® or 2021.” Furthermore, its
adoption was rejected by two other international guideline
groups, but seemingly only when considering the small
number of patients included in an observational study in
one’ and a randomized controlled trial (RCT) in the
other.'” The heterogeneity with which the assessment of
DEP has been addressed across different authoritative
guidelines emphasizes the need for a high-quality effort
clearly characterizing the available certainty of evidence
with regard to the effectiveness of this technology.

We thus conducted a systematic review and meta-analysis
targeting the use of DEP in the management of patients with
NVUGIB.

METHODS

HE SYSTEMATIC REVIEW was conducted according
to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) statement."!

Search strategy

A comprehensive literature search was performed, from the
start of databases to July 2021 using OVID MEDLINE,
EMBASE, and ISI Web of Science, with a combination of
MeSH term and controlled vocabulary to identify fully
published studies related to: (i) Doppler; and (ii) gastroin-
testinal bleeding (Appendix S1). Abstracts presented at
major gastroenterology conferences (ACG, CDDW, DDW,
and UEGW) in the past 5 years were also hand-searched.
Additional relevant studies were identified from cross-
referencing and hand-searches of references of the retrieved
articles.

Study selection and patient population

We selected all single-arm studies to analyze and report
incidences of DEP-positive or -negative signal in the acute
management of patients with NVUGIB. We then included
all RCTs as well as observational, comparative, and
noncomparative studies that included a DEP technology
used in the acute management of patients with NVUGIB.
All case reports, and studies not published in French or
English, or addressing pediatric or nonhuman populations
were excluded.
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Validity assessment and data abstraction

Citations were handled in EndNote X9 (Clarivate Analytics,
Philadelphia, PA, USA). Two reviewers (N.C. and M.M.)
independently evaluated the eligibility of citations based on
the title and abstract. Selected full-text articles were
reviewed for final inclusion/exclusion assessment. A third
reviewer (A.B.) resolved conflicts. Risk of bias was assessed
using the Cochrane risk of bias tool for randomized trials,'?
and the Ottawa—Newecastle criteria for observational stud-
ies."> We used the GRADE rating of evidence to charac-
terize the certainty of evidence.'*

Outcome measures

The primary outcome of the study was the overall rebleed-
ing rate defined as any rebleeding noted in a given study
following the index endoscopy. Secondary outcomes
included mortality (overall and NVUGIB-related mortality),
need for surgery or angiography, and hospital and intensive
care unit (ICU) length of stay.

Sensitivity and subgroup analyses

Subgroup and sensitivity analyses were conducted for the
primary outcome in all meta-analyses presented, except in
the one on incidences, according to the following predeter-
mined study characteristics. Sensitivity analyses were con-
ducted for RCTs alone, inclusion of sole high-risk stigmata
of recent hemorrhage (that is: Forrest I, Forrest Ila, and IIb
lesions), the use of a fixed-effect model (when appropriate),
and correction for double-zero events. Due to the improve-
ments in the management of NVUGIB over the search
period, we also performed sensitivity analysis according to
the type of endoscopic hemostatic procedure performed,
differentiating past from currently recommended endoscopic
therapy, more specifically, injection of epinephrine and
saline alone versus other approaches." The use of proton
pump inhibitors of any dosage postprocedure as currently
recommended adequate medical therapy was also analyzed.?

Subgroup analyses were: year of publication and conti-
nent where the study was conducted.

Statistical analysis and possible sources of
statistical heterogeneity

A series of meta-analyses were performed assessing
outcomes among observational and interventional studies
for DEP signal positive (pre- of postendoscopic therapy) and
negative lesions as well as DEP-assisted versus standard
endoscopies.

© 2022 Japan Gastroenterological Endoscopy Society.
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A meta-analysis of proportions to determine incidences
was conducted, and the results are reported as weighted
pooled proportions with 95% confidence intervals (ClIs). For
studies in which comparisons were performed, the effect
size was calculated with mean differences (MDs) for
continuous variables; medians were used if means were
not available and standard deviations (SDs) were calculated
or imputed when possible.'> Odds ratios (ORs) were
calculated for categorical variables. The DerSimonian and
Laird method'® for random effect models was applied to all
outcomes to determine corresponding overall effect sizes
and their CI. Sensitivity analyses were performed using the
Mantel-Haenszel method with fixed-effects models when no
statistical heterogeneity was noted. MDs were handled as
continuous variables using the inverse variance approach.
The presence of heterogeneity across studies was defined
using a y’-test of homogeneity with a 0.10 significance
level.'> The Higgins /* statistic® was calculated to quantify
the proportion of variation in treatment effects attributable to
between-study heterogeneity, with values of 0-40%,
30-60%, 50-90%, and 75-100% that might represent not
being important, moderate, substantial, or considerable
heterogeneity, respectively.'” Publication bias was evaluated
using the Egger regression asymmetry test and Begg
adjusted rank correlation,'®!? if at least three citations were
identified. In order to ensure that zero event trials did not
significantly affect the heterogeneity or P-values, sensitivity
analyses were performed where a continuity correction was
added to each trial with zero events using the reciprocal of
the opposite treatment arm size.”’ All statistical analyses
were performed using Revman 5.4 and Meta package in
R version 2.13.0, (R Foundation for Statistical Computing,
Vienna, Austria).

RESULTS
Presentation of results

O COMPLETELY CAPTURE the range of possible

benefits provided by the DEP technology, multiple
analyses are presented. First, a meta-analysis of proportions
alone defines the frequency of outcomes (incidence) as
captured in single and pertinent multiple-arm studies. Single
arms of comparative studies were also used, when possible,
for this analysis. Most of the results pertaining to this aspect
of the work are presented in Appendices S1-S10. Next, a
meta-analysis of studies reporting comparative predictive
data contrasts the information obtained when characterizing
a bleeding lesion using the DEP technology or not (i.e., in
this latter case, using Forrest classification and visual
assessment only). This analysis examines application of
the ultrasound probe either in assessing the eligibility of the

© 2022 Japan Gastroenterological Endoscopy Society.
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bleeding lesion prior to possible endoscopic therapy,
referred to as “prehemostasis,” or alternatively following
its completion, then referred to as “posthemostasis.” Finally,
a meta-analysis assesses comparative interventional studies
in which the information obtained from DEP is taken into
consideration and affects the subsequent management of
patients or not. In this analysis, we thus compare DEP-
assisted endoscopy versus performance of a traditional
gastroscopy alone.

A “DEP-positive lesion” refers to one in which a Doppler
signal identifying a patent vessel in the base of the targeted
bleeding lesion is detected, and a “DEP-negative lesion”
implies its absence.

Study selection and interventions

The structured literature search initially identified 1911
citations. After review, a total of 1897 studies were
excluded. The PRISMA diagram is shown in Figure 1. We
finally selected a total of 14 studies; all studies were fully
published.

The analysis of proportions, defining the incidence of
outcomes across all single-'> and multi-arm studies® >2'2’
included 12 studies (in the prehemostasis analysis for DEP-
positive n = 466 and DEP-negative n = 368, and in the
posthemostasis DEP-positive n =42 and DEP-negative
n = 106).

A total of 11 studies (10 cohorts,>>12:21:22:2427 (pe
RCT?) included patients with lesions that had Doppler-
positive and -negative signals prior to any possible
hemostasis, thus guiding decisions on whether to perform
endoscopic hemostasis or not (DEP-positive n = 431, and
DEP-negative n = 369). Additionally, five studies including
three cohort studies®*?’ and two RCTs’*® looked at
applying the ultrasound probe to the lesion once it had been
treated, that is, posthemostasis, thus addressing the need for
DEP-guided additional hemostasis (DEP-positive n = 42,
and DEP-negative n = 1006).

Three studies compared DEP-assisted to standard endo-
scopy,”*>*® with DEP used prospectively to identify/con-
firm the need for a hemostatic procedure, its adequacy,”*® or
both.* Of these, one was a prospective cohort study®® and
two were RCTs”>* (DEP-assisted endoscopy n = 157, and
standard endoscopy n = 151).

Study quality assessment, risk of publication
bias, and heterogeneity

In the two included RCTs’** across all comparisons,
performance blinding was at high risk of bias for one trial*’
due to lack of blinding, whereas the study by Jensen et al.”
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Records identified through
database searching

Additional records identified
through other sources

(n=1908) (n=3)
y A 4
Records after duplicates removed
(n=1911)
) 4
Records screened Records excluded based
(n=1911) > on title and abstract
(n=1875)

Y

for eligibility
(n=136)

Full-text articles assessed

Full-text articles excluded, with
reasons (n =22)

A 4

9 Incorrect publication type
3 Incorrect outcomes

Studies included
(n=14)

10 Not NVUGIB

Figure 1 PRISMA diagram.

was single-blinded, with only the managing physicians
being blinded to the endoscopic treatment (Appendix S3).
The Newcastle-Ottawa scale yielded an average score of
6.2 £+ 0.7 (range 5-7 stars) (Appendix S4). No publication
bias was noted for the studies comparing DEP-positive
versus DEP-negative lesions, or those comparing DEP-
assisted to standard endoscopy (Egger P-values 0.09 and
0.20, respectively). Heterogeneity was moderate for the
meta-analysis comparing DEP-positive to DEP-negative
groups for overall rebleeding (P = 46%, P < 0.05). No
heterogeneity was noted in any of the other comparisons.

Patient and study characteristics

The overall mean patient age was 65.1 + 2.7 and 36.5% of
patients were women. Details of the nature of included

RIGHTS LI M K4y

lesions and details pertaining to the overall management of
the NVUGIB are listed in Table 1.

Primary outcome: overall rebleeding

When considering all 12 single-arm'* and two-arm stud-

ies,”>?'” in the meta-analysis of proportions, the overall
rebleeding rate was 16% (9%, 27%) for patients with DEP-
positive, and 5% (3%, 9%) in patients with DEP-negative
lesions. The results pertaining to the meta-analysis of
proportions are presented in Appendix S2.

Analysis of 11 studies® >*'?7 (n = 800) comparing the
outcomes of patients with DEP-positive versus DEP-
negative lesions, when assessing solely the lesion prior to
any possible endoscopic hemostasis, showed overall
rebleeding to be significantly greater when the lesion was

© 2022 Japan Gastroenterological Endoscopy Society.
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Table 2 Primary and secondary outcome for comparative studies (Doppler endoscopic probe [DEP]-positive vs. DEP-negative) pre-

endoscopic therapy

N studies N patients Odds ratio (95% Cl) P-value for heterogeneity 12

Primary outcome

Overall rebleeding 11 800 6.54 (2.36, 18.11) 0.05 46%
Secondary outcome

Surgery 7 657 4.22 (1.64, 10.90) 0.97 0%

All-cause mortality 5 455 1.80 (0.50, 6.47) 0.16 39%

Bleeding-related mortality 4f 375 31.71 (1.49, 672.74) N/A N/A

Length of stay 1% 80 N/A N/A N/A

ICU stay 0 0 N/A N/A N/A

Angiography 0 0 N/A N/A N/A

Al double-zero event except one.
*Data not analyzable.
Cl, confidence interval; ICU, intensive care unit; N/A, not available.

DEP-positive (OR 6.54 [2.36, 18.1]) (Table 2, Fig. 2a). Five
studies®”**2%?7 (n = 148) assessed the clinical impact of
DEP assessment posthemostasis. Overall rebleeding was
significantly greater in patients whose treated lesions
exhibited a persistent positive DEP signal (OR 26 [6.74,
100]), as compared to those for which the DEP signal
became negative after endoscopic treatment (Table 3,
Fig. 2a,b).

Pooled analysis of the three studies’**?* (n = 308)
comparing DEP-assisted to standard endoscopy found that
the use of DEP was associated with a significantly lower
overall rebleeding rate (OR 0.27 [0.14, 0.54]) (Table 4,
Fig. 2a.c).

Secondary outcomes

In the seven studies™>?!**?7 (n = 657) comparing patients

with DEP-positive versus DEP-negative lesions prehemosta-
sis, all-cause mortality (five studies,®>**2° n = 455) was
not significantly different between the two groups (OR 1.80
[0.50, 6.47]) in contradistinction to the need for surgery
(seven studies,>?!**%7 n = 657) (OR 4.22 [1.64, 10.90])
and bleeding-related mortality (four studies,*** 2 n = 375)
(OR 31.71 [1.49, 672.74]) that were significantly greater in
the DEP-positive group (Table 2). Lack of data prevented
analyses of other outcomes.

In the single study”® assessing DEP-positive versus DEP-
negative lesions posthemostasis, all-cause mortality was
significantly increased in the DEP-positive patients
(OR 25.26 [1.22, 525.09]) (Table 3). Lack of data prevented
the analyses of the other outcomes.

In the three studies’*>*® comparing DEP-assisted to
standard endoscopy, bleeding-related mortality (OR 0.12

RIGHTS LI M K4y

[0.02, 0.71]) and surgery (OR 0.09 [0.02, 0.42]) were both
significantly lower in the DEP-assisted group. However all-
cause mortality was not statistically reduced (OR 0.40
[0.15, 1.06]), as was also the case for the need for
angiography, duration of hospital, and ICU stays, even if
the last three outcomes were assessed in only one study’
(Table 4).

Sensitivity and subgroup analyses

These were only performed when more than one study was
available for analysis. Overall rebleeding was greater among
patients with DEP-positive versus DEP-negative lesions in
all subgroups and sensitivity analyses performed (including
contemporary studies and studies in which endoscopists
were blinded, Appendices S5-S7). In general, posthemosta-
sis predictions presented markedly greater effect sizes when
contrasted with prehemostasis results. Similar findings
favoring DEP-assisted versus standard endoscopies were
noted. Across all analyses, effect sizes and corresponding
confidence intervals varied predictably according to the
patient numbers available for the different comparisons
(Appendices S5-S7).

Grading of the evidence

Grading of the evidence was found to be “very low” in all
outcomes when comparing DEP-positive and negative
lesions pre- and posthemostasis (Appendices S8, S9). This
was also the case when assessing DEP-assisted versus
standard endoscopy except for the outcomes of length of
stay, ICU stay, and angiography for which the grade was
“low” (Appendix S10).

© 2022 Japan Gastroenterological Endoscopy Society.
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(a) DEP positive DEP negative Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% ClI
Beckly etal., 1986 8 11 2 38 11.9%  48.00([6.85, 336.13] _—
Fullarton et al., 1980 7 8 2 14  9.0% 42.00(3.20,551.57] _—
Jasperson et al. 1882 (Clin Inv) 1 11 0 30 6.6% 8.71[0.33,230.79] *
Jasperson et al. 1983 (EurJ G) 5 86 2 61 13.4% 1.82(0.34,8.71)
Jensen etal. 2016 4 21 0 8 7.3% 4.37[0.21,80.88]
Kohler et al., 1997 1 26 0 25  B.7% 3.00[012,77.17]
Kohler etal. 1991 4 52 0 28 7.6% 5.29[0.27,101.87] *
Kohler etal. 1993 5 66 0 40 77% 7.24(0.39,134.59] +
Kohler etal. 1994 7 78 0 62  7.8% 13.11([0.73,234.22) >
van Leerdam et al. 2003 5 57 3 23 14.4% 0.64[0.14,2.94] — 1
Wong et al. 2000 4 18 0 40  7.5%  31.70[1.59,632.97) *
Total (95% CI) 431 369 100.0% 6.54 [2.36, 18.11] ’
Total events 51 9
Heterogeneity: Tau?=1.28; Chi*= 18.40, df= 10 (P = 0.05); F= 46% 30 m 031 130 100’
Testfor overall efiect Z= 3.62 (P = 0.0003) Favours DEP positive Favours DEP negative
(b) DEP positive  DEP negative Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Jensenetal, 2017 8 9 0 8 16.3% 96.33([3.42, 2715.29) E—
Kohler et al., 1997 1 5 0 21 161% 14.33[0.50,411.82) >
Kohler etal. 1993 5 14 0 41 205%  48.05(2.44,945.72) —_—
van Leerdam et al. 2003 3 11 1 27 31.6% 9.75[0.89,107.25) = >
Wong et al. 2000 3 3 1 9 154% 39.67([1.28,1229.87) g
Total (95% CI) 42 106 100.0% 25.96 [6.74, 100.00] el
Total events 20 2

HYy - . i = - — R - k i 1 1
Heterogeneity: Tau®= 0.00; Chi*=1.59, df=4 (P=0.81), F=0% 01 01 10 100

Test for overall effect: Z=4.73 (P < 0.00001)

Favours DEP positive Favours DEP negative

(c) Doppler Standard endoscopy Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Jensenetal, 2017 8 72 20 76 558% 0.35[0.14, 0.86) —i—
Kantowski etal. 2018 7 35 13 25 34.4% 0.23[0.07,0.72) —
Kohler et al., 1997 1 50 7 50 9.8% 0.13[0.01,1.08)
Total (95% ClI) 157 151 100.0% 0.27 [0.14, 0.54] .
Total events 16 40
Heterogeneity: Tau®= 0.00; Chi*= 0.89, df= 2 (P = 0.64); F=0% o o i 00

Testfor overall effect: Z=3.79 (P = 0.0001)

Favours Doppler Favours Standard Endo

Figure 2 (a) Forrest plot for overall rebleeding (Doppler endoscopic probe [DEP]-positive vs. DEP-negative, DEP assessment
before any endoscopic therapy). (b) Forrest plot for overall rebleeding after endoscopic therapy (DEP-positive vs. DEP-negative).
(c) Forrest plot for overall rebleeding (DEP-assisted endoscopy vs. standard endoscopy). Cl, confidence interval.

DISCUSSION

HE PRESENT SYSTEMATIC review with its series of

meta-analyses provides a comprehensive and up-to-date
summary of published data on the use of DEP in NVUGIB.
Although DEP was first studied about 40 years ago, this
device has been progressively and almost totally abandoned.
Reasons for this may be that the Forrest classification was
developed a little bit earlier, and enjoyed preferential
widespread dissemination and quick adoption. Reasons

© 2022 Japan Gastroenterological Endoscopy Society.
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favoring this choice included the Forrest classification
simplicity, robustness, and avoidance of additional equip-
ment. However, in light of recent published cost-
effectiveness and RCT, there has been renewed interest in
this device. The meta-analysis of proportions provides a
broad overview of adverse outcome incidences that are more
prevalent in patients with DEP-positive lesions. Lesion
assessment using DEP is associated with improved predic-
tion of outcomes both pre- and postendoscopic hemostasis,
leading to a significant reduction in overall rebleeding. DEP
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Table 3 Primary and secondary outcome for comparative studies (Doppler endoscopic probe [DEP]-positive vs. DEP-negative)

postendoscopic therapy

N studies N patients Odds ratio (95% Cl) P-value for heterogeneity 12

Primary outcome

Overall rebleeding 5 148 25.96 (6.74, 100.0) 0.81 0%
Secondary outcome

Surgery 0 N/A N/A N/A N/A

All-cause mortality 1 55 25.26 (1.22, 525.09) N/A N/A

Bleeding-related mortality 0 N/A N/A N/A N/A

Length of stay 0 N/A N/A N/A N/A

ICU stay 0 N/A N/A N/A N/A

Angiography 0 N/A N/A N/A N/A

Cl, confidence interval; ICU, intensive care unit; N/A, not available.

Table 4 Primary and secondary outcome for comparative studies (Doppler endoscopic probe-assisted endoscopy vs. standard

endoscopy)
N studies N patients Odds ratio (95% Cl) P-value for heterogeneity ?
Primary outcome
Overall rebleeding 3 308 0.27 (0.14, 0.54) 0.64 0%
Secondary outcome
Surgery 3 308 0.09 (0.02, 0.42) 0.99 0%
All-cause mortality 3 308 0.40 (0.15, 1.06) 0.48 0%
Bleeding-related mortality 2 160 0.12 (0.02, 0.71) 0.71 0%
Length of stay 1 148 —0.35 (—3.13, 2.43) N/A N/A
ICU stay 1 148 —1.17 (=3.18, 0.84) N/A N/A
Angiography 1 148 4.41 (0.48, 40.45) N/A N/A

Cl, confidence interval; ICU, intensive care unit; N/A, not available.

also assists in identifying lesions that will benefit from
endoscopic hemostasis better than visual inspection (Forrest
classification) alone and predicts the completeness of this
hemostasis, better informing clinical care following the
endoscopy. Importantly, a DEP-assisted endoscopy also
results in subsequent decreased rates of bleeding-related
mortality and the need for surgery when compared to a
standard gastroscopy. Further studies are required to assess
learning aspects required to achieve competence and inter-
rater variability when using this technology.

These conclusions are robust, remaining true in subgroup
analyses when including solely more contemporary studies
for the posthemostasis lesion analysis and the DEP-assisted
endoscopic interventional studies; it is also the case when
limiting the analyses to studies in which managing endo-
scopists were blinded to the results of the DEP signal,>*’
leading to a markedly more accurate prediction of overall
rebleeding for DEP-positive versus -negative signal lesions
with an OR of 42.3 (10.7, 167.9) (Appendix S5). This is a
remarkably high point estimate, challenging the current
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practice gold standard, that is, the discriminative ability of
the Forrest classification. This is even more a possibility
when considering the latter’s modest inter-rater agreement,”’
with DEP potentially allowing for a more objective
measurement of endoscopic therapy efficiency.

The prehemostasis use of DEP did not yield significant
benefits among more recent studies, but this body of
evidence exhibits limitations independent of date of publi-
cation. Indeed, when assessing the results that address the
use of DEP prior to any possible endoscopic hemostasis, one
must consider two scenarios. First, DEP may identify
lesions requiring endoscopic treatment that would not have
been categorized as such based on the Forrest classification
alone. In most of the older studies investigating such
potential benefits, lesions with active bleeding (Forrest Ia,
Ib) were excluded (as they would be treated regardless due
to the presence of active bleeding). In this clinical scenario,
the aim is thus to focus on rare cases of “low-risk” lesions
(Forrest Ilc or III) that could rebleed if not treated
endoscopically, such as those exhibiting a transparent

© 2022 Japan Gastroenterological Endoscopy Society.
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pseudoanurysm.>* Only one methodologically robust study
tried to address this question, but could not be completed
due to poor recruitment.’

DEP may also play a role in avoiding unnecessary
treatment of lesions categorized as high risk using the
Forrest classification, yet exhibit no DEP signal and thus do
not require endoscopic treatment. Jensen et al. recently
highlighted much lower rebleeding risks with Forrest Ib
lesions compared to what was initially reported,®! possibly
due to friable margins of an ulcer base without the presence
of an actual vessel being the cause of active oozing.

With regard to actual interventional studies assessing
patient outcomes, the pooled analysis of 308 patients from
three studies’?**® comparing DEP-assisted to standard
endoscopy found that its use was associated with a
significantly lower overall rebleeding rate (OR 0.27 [0.14,
0.54]); this subgroup included two recently published works
in 2017 and 2018.7** Importantly, the significant improve-
ment in overall rebleeding persisted when limiting the
analysis to the two RCTs”** (OR 0.30 [0.13, 0.69]).

Even though the results are limited by the low or very
low quality of evidence, the robustness of results across
the many study designs and outcomes studied, and the
point estimates of treatment effects that are of great
clinically significant magnitude, all contribute to the
clinical relevance of the conclusions. The robustness of
conclusions also is confirmed by extensive sensitivity and
subgroup analyses of the primary outcome. This thorough
and exhaustive up-to-date synthesis of available data
addressing DEP use in NVUGIB from so many different
perspectives is novel and adds to a previously published
systematic review with methodological issues that was also
limited in its scope that included fewer studies.'” Indeed,
the present meta-analysis investigated more thoroughly all
possible operational aspects of using the DEP technology,
including the different clinical situations in which DEP
may be of interest (both pre- and postendoscopic hemosta-
sis). Our analysis also assessed several additional outcomes
that confirm the biological plausibility of the overall
results: critical additional information was required to
properly grade the certainty of evidence.'® Society guide-
lines have chosen not to address DEP or did not assess the
DEP body of data completely in making recommendations
by limiting their evidence review to a few selected
publications.** '

Several limitations of the available body of evidence are
worth discussing. First, the overall number of studies
included is modest, even though many comparisons of
outcomes are significantly improved with DEP in a robust
fashion. Improvements in bleeding-related mortality and

© 2022 Japan Gastroenterological Endoscopy Society.
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surgery, although robust, are arguably limited by their
subjectivity in ascertainment and/or diminished use in
contemporary management.

Additional secondary outcomes could not be assessed due
to the paucity or absence of analyzable data (e.g., the need
for angiography, length of stay, repeated endoscopy).
Although no statistical heterogeneity was noted in the main
analysis that addresses overall rebleeding, sources of clinical
and technical heterogeneity across studies do exist (for
example, different Doppler probes were used, with various
wavelengths ranging from 8 MHz to 20 MHz), and are
unavoidable, acknowledging the more than 30 years that
have elapsed since the earliest included publications. Also,
from a study design point of view, among the 11 observa-
tional studies, only five>’?**?7 agsessed DEP lesion
prediction both pre- and posthemostasis, while measuring
subsequent outcomes. All these limitations contributed to a
grading of low to very low certainty of evidence.

Finally, cost-effectiveness analyses®*? concluded that
DEP use results in an increased effectiveness at a modest
increase in cost with corresponding favorable cost-
acceptability estimates across broad ranges of assumptions
in sensitivity analyses, further strengthening arguments for
its broader diffusion.

CONCLUSION

N SUMMARY, DEP use in NVUGIB provides better

prediction of high-risk bleeding lesions requiring
hemostasis than sole visual assessment and a more accurate
evaluation of the completeness of endoscopic treatment,
with corresponding significant decreases in overall rebleed-
ing, bleeding-related mortality, and surgical rates. Addi-
tional studies would be wuseful in confirming the
generalizability of these conclusions, but this systematic
review should at least motivate experts in the field to
question whether we can improve on the existing gold
standard that is sole visual assessment of NVUGIB lesions
to guide endoscopic management.
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DDITIONAL SUPPORTING INFORMATION may
be found in the online version of this article at the
publisher’s web site.
Appendix S1 Search string.
Appendix S2 (a) Primary and secondary outcome for
proportions prehemostasis endoscopic therapy. (b) Primary
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and secondary outcome for proportions posthemostasis
endoscopic therapy.

Appendix S3 Cochrane risk of bias.

Appendix S4 Ottawa—Newcastle scale for observational
studies.

Appendix S5 Sensitivity analysis and subgroup analysis
for primary outcome for comparative studies (Doppler
endoscopic probe [DEP]-positive vs. DEP-negative) — pre-
endoscopic hemostasis.

Appendix S6 Sensitivity analysis and subgroup analysis
for primary outcome for comparative studies (Doppler
endoscopic probe [DEP]-positive vs. DEP-negative) —
postendoscopic hemostasis.

Appendix S7 Sensitivity analysis and subgroup analysis
for primary outcome for comparative studies (Doppler
endoscopic probe [DEP]-assisted endoscopy vs. standard
endoscopy).

Appendix S8 Grading of the evidence for comparative
studies (Doppler endoscopic probe [DEP]-positive vs. DEP-
negative) pre-endoscopic hemostasis.

Appendix S9 Grading of the evidence for comparative
studies (Doppler endoscopic probe [DEP]-positive vs. DEP-
negative) postendoscopic hemostasis.

Appendix S10 Grading of the evidence for comparative
studies (Doppler endoscopic probe-assisted endoscopy vs.
standard endoscopy).
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