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Abstract

Background Dieulafoy’s lesion (DL) is a rare but increasingly recognized cause of severe upper GI hemorrhage (SUGIH).
There is little consensus regarding the endoscopic approach to management of bleeding from DL.

Aims Our purposes were to compare 30-day outcomes of patients with SUGIH from DL with Doppler endoscopic probe
(DEP) monitoring of blood flow and guided treatment versus standard visually guided hemostasis (VG).

Methods Eighty-two consecutive DL patients with SUGIH were identified in a large CURE Hemostasis database from pre-
vious prospective cohort studies and two recent RCTs at two university-based medical centers. 30-day outcomes including
rebleeding, surgery, angiography, death, and severe medical complications were compared between the two treatment groups.
Results 40.2% of DL bleeds occurred in inpatients. 43.9% of patients had cardiovascular disease, and 48.7% were taking
medications associated with bleeding. For the entire cohort, 41.3% (26/63) of patients treated with VG had a composite
30-day outcome as compared to 10.5% (2/19) of patients treated with DEP (p =0.017). Rebleeding occurred within 30 days in
33.3% and 10.5% of those treated with VG and DEP, respectively (p=0.051). After propensity score matching, the adjusted
30-day composite outcome occurred in 39.0% in the VG group compared to 2.6% in the DEP group (p <0.001). Adjusted
30-day rebleeding occurred in 25.3% in the VG group versus 2.6% in the DEP group (p <0.001).

Discussion DL patients with SUGIH were frequently inpatients and had severe cardiovascular comorbidities and recurrent
bleeding. Lesion arterial blood flow monitoring and obliteration are an effective way to treat bleeding from DL which reduces
negative 30-day clinical outcomes.
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that fails to undergo the progressive narrowing that is char-
acteristic of most arteries in the GI tract. Endoscopically,
it is difficult to diagnose unless there is active bleeding
because there is no ulceration and lesions are small and often
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obscured by pooled blood or clots. DL is an important and
often unrecognized cause of severe upper gastrointestinal
hemorrhage (SUGIH). While claims data attribute 1-2% of
upper GI bleeding diagnoses to DLs, recent studies report
them as a more common cause of SUGIH, accounting for
more than 10% [1, 2].

First-line therapy for DL is endoscopic hemostasis with
angiographic embolization and surgery as salvage modali-
ties for failed endoscopic therapy or recurrent bleeding [3].
There is no consensus about the best endoscopic treatment
for bleeding from DLs. Options include injection with epi-
nephrine or sclerosing agents; thermal treatment with heater
probe (HP), multipolar electrocautery (MPEC) or argon
plasma coagulation (APC); and mechanical therapy with
endoscopic band ligation (EBL) and through-the-endoscope
hemoclips (HC) [4-9]. Over-the-scope clip (OTSC) is an
emerging endoscopic therapy which is promising for treat-
ment of ulcer bleeding and potentially for DL [10-12]. Pre-
vious reports of different treatments for DL in randomized
controlled trials (RCT) are small in size [7-9, 13]. This is
probably because DLs are relatively rare compared to peptic
ulcers.

Arterial blood flow monitoring with the Doppler endo-
scopic probe (DEP) is reported to be an effective guide for
definitive endoscopic hemostasis of severe GI bleeding for
non-variceal upper GI lesions including ulcers and DL [2,
14]. Because DLs are large, submucosal arteries that bleed
through a small mucosal defect without an ulceration, the
use of DEP is well suited for mapping the arterial location

and as a guide for documenting obliteration of arterial flow
by therapeutic techniques (Fig. 1) [2].

Our aims in this study were to compare 30-day clinical
outcomes of patients with SUGIH from DL treated with
standard visually guided endoscopic treatment (VG) to those
patients with DEP-guided treatment (DEP) in a large cohort
of DL patients and also a subgroup from recent RCTs.

Methods

All consecutive patients hospitalized at UCLA-Ronald Rea-
gan Medical Center and the VA-West Los Angeles Medical
Hospital for the management of SUGIH between December
1987 and July 2020 who had urgent upper endoscopy were
assessed by the CURE Hemostasis Research Group (e.g., a
bleed team consulted upon for patients with acute GI hemor-
rhage). Patients were consented for either cohort studies or
recent RCTs of severe non-variceal upper GI hemorrhage
(NCT00732212 and NCT03065465), and data were prospec-
tively collected [2, 12]. All studies were approved by the
Institutional Review Boards at both institutions.

SUGIH was defined as clinical evidence of upper GI
bleeding (melena, hematemesis, and/or hematochezia with
or without NG tube aspiration of blood) along with syn-
cope, hypotension, shock, and tachycardia not explained
by another cause; a decrease in hemoglobin from baseline
of >2 g/dL; and/or transfusions of >2 units of packed red
blood cells (RBC).

Fig. 1 a Gastric body DL in a patient with liver cirrhosis, b pre-treat-
ment use of the Doppler probe adjacent to the DL, ¢ DL after treat-
ment with four standard hemoclips, d fundal DL identified in retro-
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In cases where mucosal visualization with the therapeu-
tic upper endoscope was limited, a larger channel upper
endoscope or a BioVac Direct Suction device (US Endos-
copy, OH) was utilized to remove blood and clots from the
stomach. Other maneuvers including gastric lavage and/or
repositioning to the right side down were performed when
necessary in intubated patients to improve mucosal visu-
alization of the gastric fundus. After it became available
in January 2008, the Doppler endoscopic probe was used
for arterial blood flow detection, mapping the underlying
artery, and documenting post-treatment obliteration of arte-
rial blood flow.

We retrospectively screened the CURE database for DL
as the final diagnosis of SUGIH. Lesions were classified as a
DL if an artery protruded through a mucosal defect without
surrounding ulceration or mass. We did not include arteries
with surrounding mucosal ulceration (classified as peptic
ulcers) or UGI tumors with protruding arteries. Every report
and all endoscopic photographs and/or videos of DL cases
were reviewed by the principal investigator (D.J.) and the
co-investigators of the CURE Hemostasis Research Group
to confirm the endoscopic diagnosis of DL.

CURE Hemostasis endoscopy attendings utilized dilute
epinephrine pre-injection (1:20,000 in saline) in patients
with either spurting bleeding (Forrest 1A) or oozing bleed-
ing (Forrest 1B) to control or slow bleeding and provide
better visualization prior to other more effective treatments
(MPEC, HP, HC, or OTSC) as previously described [2].
Also, DLs with adherent clots had pre-injection with epi-
nephrine prior to cold guillotining off the clots and more
effective endoscopic treatments, as previously described [2,
15].

Patients were classified into two groups according to
whether arterial blood flow was monitored with DEP and
used as a guide to definitive hemostasis or visually guided
treatment alone was utilized [2, 14]. The VG group included
patients that underwent treatment with thermal coagulation
(MPEC or HP) or HC, with or without epinephrine pre-
injection. In the DEP group, patients were evaluated pre- and
post-treatment with Doppler and were found to have a nega-
tive signal post-treatment. The treatments utilized included
MPEC, HP, HC, and/or OTSC with or without epinephrine
pre-injection.

Medical records of DL patients were prospectively fol-
lowed-up from the date of diagnosis and treatment. For DL
patients included in two recent RCTs, the patient, manag-
ing physicians, and healthcare staff were blinded as to the
type of endoscopic treatment (VG vs. DEP-guided). These
physicians made all subsequent decisions about rebleeding,
use of surgery or angiography, level of care, and whether to
recommend repeating the endoscopy. Data from the medical
record were entered onto standard CURE research forms,
and all data were de-identified and entered onto computer

data files by experienced data managers in a large CURE
prospective database of SUGIH.

The primary outcomes of this study were 30-day DL-
related rebleeding and a composite 30 day outcome of
rebleeding, surgery, angiography, severe complications of
bleeding, or all-cause mortality within 30 days. The compo-
nents of the composite outcomes have been used as primary
and secondary outcomes in recent CURE RCTs and have
been previously described as clinically important [2, 12, 16].
Secondary outcomes included hospital and ICU days, trans-
fusions of RBCs, and mortality caused by GI hemorrhage.
These outcomes were evaluated in both the entire patient
cohort and separately in RCT patients.

Statistical Methods

SAS 9.4 (SAS, Inc, Cary, NC) and R 3.5.2 (R project for
statistical computing; https://www.r-project.org/) were used
for data management and statistical analyses. The p-values
for comparing proportions in VG versus DEP groups were
computed using Fisher’s exact test. The p-values for compar-
ing continuous variables such as age between the two groups
were computed using either t-tests if the data had a normal
distribution or the corresponding non-parametric Wilcoxon
rank sum test. Rebleed-free and composite event-free curves
were computed using the Kaplan—Meier method for time
to event data, and the p-values for their comparison were
computed using the log rank test.

Propensity score weights were used in order to control for
possible confounding by race, early/late time period, fundal
location of DL, use of any of six antithrombotic or antico-
agulant drugs, age and lowest hemoglobin. The propensity
score was computed via logistic regression on visual versus
DEP treatment [17]. The p-values for comparing propensity
weight adjusted 30 day rebleeding or composite outcome
between the two groups were computed using the Rao—Scott
method, analogous to adjusting for survey weights [18].

Results
Patient Characteristics

The baseline clinical characteristics of 82 DL patients are
presented in Table 1. The mean age was 61.7 years. DEP
patients were older than the VG group (70.6 vs. 58.9;
p=0.003). Patients had a mean American Society of Anes-
thesiology (ASA) score of 3.3. 43.9% had cardiovascular
disease, 15.9% had ESRD, and 23.2% had liver cirrhosis.
The rates of these comorbidities were similar in the DEP
and VG groups. Among the 19 patients with liver cirrho-
sis, 63.2% (N=12) had a history of hepatic decompensa-
tion and 57.9% (N=11) had upper GI manifestations of
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Table 1 Baseline clinical

o Characteristic Total (N=82) DEP (N=19) Visual (N=63) P value
characteristics of 82
patients with severe upper Mean age (range) 61.7(21-93)  70.6 (28-93)  58.9 (21-93) 0.003
gastrointestinal hc}morrhage Gender
(SUGIH) from Dieulafoy’s
lesions Male (%) 61 (74.4) 14 (73.7) 47 (74.6) 0.936
Female (%) 21 (25.6) 5(26.3) 16 (25.4)
Hospital
UCLA-RR (%) 59 (72.0) 12 (63.2) 47 (74.6) 0.330
VA-WLA (%) 23 (28.0) 7 (36.8) 16 (25.4)
Race
White (%) 42 (51.2) 7 (36.8) 35 (55.6) 0.059
African American (%) 21 (25.6) 4 (21.1) 17 (27.0)
Asian (%) 8(9.8) 5(26.3) 3(4.8)
Hispanic (%) 5(6.1) 2 (10.5) 3(4.8)
Other/unknown (%) 6 (7.3) 1(5.2) 5(7.9)
Mean ASA score (+SD) 3.3(x0.8) 3.1(x0.7) 3.4 (x0.8) 0.264
Mean CURE prognosis score (+ SD) 33(x1.2) 3.6 (£1.0) 3.2 (x1.3) 0.271
Cardiovascular disease (%) 36 (43.9) 11 (58.9) 25(39.7) 0.161
Cirrhosis (%) 19 (23.2) 4(21.1) 15 (23.8) 0.802
ESRD (%) 13 (15.9) 4(21.1) 9(14.3) 0.479
History of GI bleeding (%) 37 (45.1) 12 (63.2) 25(39.7) 0.071
Alcohol (%) 29 (35.4) 6 (31.6) 23 (36.5) 0.694
Smoking (%) 46 (56.1) 10 (52.6) 36 (57.1) 0.728
Bleed medication (%) 40 (48.7) 11 (57.9) 29 (44.4) 0.067
Aspirin (%) 26 (31.7) 7 (36.8) 19 (30.2) 0.583
Anticoagulant (%) 19 (23.2) 6 (31.6) 13 (20.6) 0.322
NSAID (%) 10 (12.2) 4(21.1) 6(9.5) 0.178
Non-aspirin anti-plt (%) 8(9.8) 2 (10.5) 6(9.5) 0.897

portal hypertension (esophageal or gastric varices (5); portal
hypertensive gastropathy (5), varices and gastropathy (1)).
48.7% of patients were taking a high-risk bleeding medica-
tion. 45.1% of patients had a history of prior GI bleeding,
including 63.2% in the DEP group and 39.7% in the VG
group (p=0.071). Most prior GI bleeds were obscure; how-
ever, peptic ulcer disease was the most commonly identified
lesion in those with definitive diagnoses (10.5% DEP; 22.2%
VG).

Clinical Presentation of Bleeding

Bleeding occurred in the inpatient setting after hospi-
talization for a non-bleeding diagnosis in 40.2% (N =33)
(Table 2). The most common bleeding sign at presentation
was melena (N=59; 72.0%). A greater percentage of patients
in the VG cohort presented with hematemesis (41.3% vs.
10.5% in DEP cohort; p=0.013). Mean Glasgow—Blatchford
Scores were similar between the two groups.

The mean hemoglobin at presentation was 7.6 d/L with a
mean decrease of 3.4 g/dL from the baseline (pre-bleeding)
value. Patients received a mean of 4.2 units of red blood
cells (RBCs) for resuscitation prior to endoscopy. 18.3%
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(N=15) of patients required multiple endoscopies before
the diagnosis of DL was made.

The location and stigmata of the UGI DL are described
in Table 2. The most common location of DL was the gas-
tric fundus (N=29). Active arterial bleeding was the most
frequent endoscopic bleeding stigmata (N=46). Advanced
maneuvers including gastric lavage, Biovac suctioning, and
right-side-down repositioning were required to make the
diagnosis in 11.0% (N=9) of patients.

Endoscopic Treatments

Sixty-three patients in the cohort underwent visually
guided treatment (VG): 32 with thermal modalities, 28
with mechanical (standard HC) and 3 with mechanical/
thermal combination therapy. Nineteen patients under-
went DEP-guided treatment. Prior to DEP-guided treat-
ment, the blood flow detected underneath the DL in all
patients was arterial and none was venous. This is similar
to peptic ulcers as previously described [1, 14]. Among
the 19 patients in the DEP group, two were treated with
mechanical/thermal combination therapy and 17 were
treated with mechanical therapy (13 standard HC and 4
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Table 2 Characteristics of patients with Dieulafoy’s lesion with severe upper GI hemorrhage (SUGIH)
Total (N=2382) DEP (N=19) Visual (N=63) P value
Start of bleeding setting
Inpatient (%) 33 (40.2) 6 (31.6) 27 (42.9) 0.380
Outpatient (%) 49 (59.2) 13 (68.4) 36 (57.1)
Bleed presentation
Melena (%) 59 (72.0) 16 (84.2) 43 (68.3) 0.175
Hematemesis (%) 28 (34.1) 2 (10.5) 26 (41.3) 0.013
Hematochezia (%) 16 (19.5) 4(21.0) 12 (19.0) 0.483
NG aspirate (%) 14 (17.1) 3(15.8) 11 (17.5) 0.865
Hypotension (%) 21 (25.6) 5(26.3) 16 (25.4) 0.936
DL location
Esophagus (%) 1(1.2) 0(0) 1(1.6) 0.581
Stomach (%) 53 (64.6) 11 (57.9) 42 (66.7) 0.483
Fundus (%) 29 (35.4) 3 (15.8) 26 (41.3) 0.042
Body (%) 20 (24.4) 8 (42.1) 12 (19.0) 0.040
Antrum (%) 4.(4.9) 0(0) 4(6.4) 0.260
Duodenum or proximal jejunum 28 (34.1) 8(42.1) 20 (31.7) 0.404
Duodenal bulb (%) 5(6.1) 2 (10.5) 34.7) 0.357
Postbulbar duodenum or proximal jejunum 23 (28.0) 6 (31.6) 17 (27.0) 0.696
Stigmata
Active arterial bleeding (%) 46 (56.1) 10 (52.6) 36 (57.1) 0.728
Oozing (%) 11(13.4) 3 (15.8) 8 (12.7) 0.729
Non-bleeding visible vessel (%) 11(13.4) 2 (10.5) 10 (15.9) 0.563
Adherent clot (%) 11(13.4) 2 (10.5) 9(14.3) 0.673
Flat pigmented spot (%) 2(24) 2 (10.5) 0(0) 0.009
Mean Glasgow—Blatchford score (+-SD) 12.3 (3.5) 12.2 (3.6) 12.4 (3.5) 0.806
Mean number of units RBC transfused pre-endoscopy (+SD) 42 (£3.2) 3.6 (£3.3) 43(£3.2) 0.413
Mean drop in hemoglobin pre-endoscopy (g/dL) (+SD) 3.4 (x1.8) 3.1 (x1.5) 3.6 (£1.9) 0.349
Mean pre-endoscopy hemoglobin (g/dL) (+SD) 7.6 (£1.9) 7.7 (£2.0) 7.5(x£1.9) 0.755
Mean baseline platelet count (x 10°/L) (+ SD) 143.0 (+87.2) 124.4 (+68.1) 149.2 (£91.8) 0.289

OTSC). Patients in the DEP cohort were more likely to
receive treatment with mechanical modalities as compared
to VG patients (100% vs. 49.2%; p <0.001).

30-Day Outcomes: Entire Cohort

At 30 days, 28.0% of patients (N =23) rebled from DL
(Table 3). Rebleeding occurred in 10.5% (2/19) of DEP

Table 3 30 day outcomes (full
cohort). The 30 day composite

includes rebleeding, DL-related
surgery, angiography, death, or
a severe complication

Total (N=82) DEP (N=19) Visual (N=63) P value
Composite outcome (%) 28 (34.1) 2 (10.5) 26 (41.3) 0.017*
Rebleeding (%) 23 (28.0) 2 (10.5) 21 (33.3) 0.051*
DL-related surgery (%) 5(6.1) 0 (0) 5(7.9) 0.205
DL-related mortality (%) 0(0) 0 (0) 00 -
Angiography (%) 2(24) 1(5.3) 1(1.6) 0.363
Severe complications 3(3.6) 0(0) 3(4.8) 0.333
Median ICU days (range) 2.0 (0-365) 0 (0-30) 3.0 (0-365) 0.065
Median hospital days (range) 8.0 (0-365) 4.0 (1-60) 9.0 (0-365) 0.013
Mean units RBC transfused post- 1.18 (2.18) 0.63 (1.27) 1.35 (2.36) 0.212

treatment (SD)

*p value from log rank test, account for time
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patients and 33.3% (21/63) of VG patients (NNT 4.4;
p=0.051) (Fig. 2a).

Therapeutic angiography was utilized in two patients
who rebled after endoscopic treatment (1 DEP, 1 VG). Five
patients required surgery for rebleeding within 30-days of
their index endoscopy. All five were in the VG cohort, and
all had primary treatment with a thermal modality.

Four patients died within 30-days of their index bleed.
None of the deaths were due to DL-related bleeding.
Three patients in the VG cohort died due to unrelated
severe comorbid medical conditions. One patient in the
VG cohort with a gastric fundus DL that was treated with
MPEC died from hemorrhagic shock due to an aortoduo-
denal fistula which was identified at autopsy. There was
no evidence of bleeding in the small bowel at the time of
index endoscopy.

Three patients had severe bleeding-related complications
including stroke (1), congestive heart failure exacerbation
(unrelated to resuscitation) (1), and acute coronary syn-
drome (1). These patients were all in the VG group.
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Fig.2 a Kaplan—Meier plot of time to rebleeding up to 30 days for
DEP-guided versus visually guided endoscopic treatments. By
log rank p=0.051. b Kaplan—Meier plot of time to poor outcome
(rebleeding, surgery or angiography for rebleeding; severe complica-
tions related to rebleeding; or death) up to 30 days for DEP-guided
versus visually guided endoscopic treatments. By log rank p=0.017.
¢ Kaplan—-Meier plot of time to rebleeding up to 30 days for RCT
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34.1% (28/82) of the full cohort experienced a compos-
ite 30-day adverse outcome (rebleeding, DL-related sur-
gery, angiography, severe complication, or death) (Fig. 2b).
There was a significant difference according to endoscopic
treatments with 10.5% (2/19) of DEP patients and 41.3%
(26/63) of VG patients having a composite outcome (NNT
3.2, p=0.017).

Patients in the DEP group remained in the hospital for a
median of 4.0 days post-treatment (range 1-60), as compared
to 9.0 days in the standard therapy group (range 0-365)
(»=0.032). There was a numerical difference between the
treatment groups in terms of ICU length of stay (Table 3).

Thirty-day outcomes from 77 patients treated with
mechanical or thermal modalities (regardless of the use of
DEP) are compared in Table 4. There were no significant dif-
ferences in 30-day rebleeding or 30-day composite outcomes
based on treatment modality. DL-related surgery occurred
more frequently in patients treated with thermal modalities
as compared to those that received mechanical treatment
(16.1% vs. 0%; p=0.005).
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patients treated with DEP-guided versus visually guided endoscopic
treatments. By log rank p=0.158. d Kaplan—-Meier plot of time to
poor outcome (rebleeding, surgery or angiography for rebleeding;
severe complications related to rebleeding; or death) up to 30 days for
RCT patients treated with DEP-guided versus visually guided endo-
scopic treatments. By log rank p =0.063
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Table 4 30 day outcomes by Mechanical (N=46) Thermal (N=31) P value

therapeutic modality
Composite outcome (%) 14 (30.4) 13 (41.9) 0.300
Rebleeding (%) 12 (26.1) 10 (32.3) 0.557
DL-related surgery (%) 0 (0) 5(16.1) 0.005
DL-related mortality (%) 0 (0) 0(0) -
DL-related angiography (%) 1(2.2) 0(0) 0.409
Severe complications 24.4) 14.3) 0.803
Median ICU days (range) 2.0 (0-365) 2.0 (0-59) 0.640
Median hospital days (range) 6.0 (0-365) 8.5 (0-59) 0.967
Mean units RBC transfused post- 1.3 (£2.3) 1.1 (£2.0) 0.314

treatment (SD)

The 30 day composite includes rebleeding, DL-related surgery, angiography, death, or a severe complica-

tion

*5 patients treated with combination mechanical and thermal therapy were excluded from this analysis

Propensity Score Adjusted Results

After propensity score adjustment for the full cohort, 30-day
rebleeding and 30-day composite outcomes occurred more
frequently in patients treated with VG as compared to those
treated with DEP. The PS adjusted 30-day rebleeding was
25.3% in VG compared to 2.6% in DEP (p <0.001). The PS
adjusted 30 day composite outcome was 39.0% in VG versus
2.6% in DEP (p <0.001).

Randomized Patients

Twenty-five patients were randomized to either VG or DEP
as participants in two different recent RCTs. Nine patients
were randomized to DEP and 16 to VG. Among the 9
DEP patients, 5 were treated with HC, 3 with OTSC, and
1 with thermal/HC combination therapy. These treatments
resulted in obliteration of arterial blood flow in all RCT DEP
patients. The VG group of 16 patients included 12 treated

with HC, 1 with thermal, and 3 with thermal/HC combina-
tion therapy.

Among RCT participants, 30-day rebleeding occurred
in 37.5% (6/16) and 11.1% (1/9) of patients treated with
VG and DEP, respectively (NNT 3.8; p=0.158) (Table 5;
Fig. 2¢). 50% (8/16) of VG versus 11.1% (1/9) of DEP-
treated patients experienced a 30-day composite outcome
(NNT 2.6; p=0.063) (Fig. 2d).

Discussion

Dieulafoy’s lesion is a rare but increasingly recognized cause
of SUGIH. At our tertiary academic medical centers more
than 10% of patients in recent RCTs of severe non-variceal
upper GI hemorrhage had DLs [2]. In our entire cohort of
82 DL patients with SUGIH, many (40.2%) were inpatients
already hospitalized for a non-bleeding indication. They had

Table 5 30 day outcomes (RCT
subgroup)

Total (N=25) DEP (N=9) Visual (N=16) P value
Composite outcome (%) 9 (36.0) 1(11.1) 8 (50.0) 0.063*
Rebleeding (%) 7 (28.0) 1(11.1) 6 (37.5) 0.158*
DL-related surgery (%) 0(0) 0(0) 0(0) -
DL-related mortality (%) 0(0) 0 (0) 0(0) -
DL-related angiography (%) 2(8.0) 1(11.1) 1(6.3) 0.667
Severe complications 3(12.0) 0(0) 3(18.8) 0.166
Median ICU days (range) 0 (0-56) 0 (0-30) 0.5 (0-56) 0.734
Median hospital days (range) 4.0 (1-60) 4.0 (1-60) 5.0 (1-56) 0.533
Mean units RBC transfused post- 1.6 (£3.4) 0.3 (£0.7) 2.3 (+£4.0) 0.190

treatment (SD)

The 30 day composite includes rebleeding, DL-related surgery, angiography, death, or a severe complica-

tion

*p value from log rank test, account for time
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significant comorbidities including ESRD, liver cirrhosis,
and cardiovascular disease.

In our full cohort, rebleeding occurred at 30-days in
10.5% (2/19) of patients with a negative post-treatment
DEP signal compared to 33.3% (21/63) of patients treated
with VG. The NNT was 4.4 with this 22.8% reduction in
rebleeding. When a composite outcome was assessed, 10.5%
of DEP patients compared to 41.3% of VG patients had poor
clinical outcomes (NNT 3.2). This difference was largely
driven by a reduction in rebleeding rates. After propensity
score adjustment, both rebleeding and composite outcomes
were significantly more likely in patients treated with VG
as compared to DEP. This reduction in rebleeding and com-
posite outcomes may help to explain the shorter length of
hospital stay and trend toward shorter length of ICU stay in
patients treated with DEP as compared to VG.

We also observed arithmetic differences in rates of
rebleeding and composite outcomes in our subset of RCT
patients. In this cohort of 25 patients, rebleeding occurred
in 37.5% and 11.1% of patients treated with VG and DEP,
respectively (NNT 3.8). There was a 38.9% reduction in
composite outcome with DEP compared to VG (NNT 2.6)
which was largely driven by a reduction in rebleeding rates.

Our findings suggest that using DEP to guide treatment
and subsequently confirm elimination of lesion blood flow
reduces rebleeding and improves other clinically important
outcomes. Although differences in the primary outcomes did
not reach statistical significance in the RCT subgroup, we
believe that this is a Type 2 error and predict that an increase
in sample size would make this difference significant.

Prospective studies comparing treatment modalities for
DL are limited. Two out of three studies comparing mechan-
ical therapy (HC or EBL) to injection monotherapy reported
a significant advantage for mechanical treatment in terms of
rebleeding [7, 9, 13]. Two studies comparing band ligation
to mechanical or thermal treatment found no difference in
rates of recurrent bleeding [8, 19]. These two studies were
included in a meta-analysis of 162 patients undergoing treat-
ment with EBL versus HC in which a non-significant trend
in favor of band ligation was identified (RR for rebleeding:
0.37;95% CI 0.12-1.09) [20]. Thus, there is little consensus
about a preferred approach to endoscopic treatment.

Because DLs have underlying large arteries that course
below a mucosal defect, eliminating blood flow into and
out of the DL is crucial for definitive hemostasis. A recent
CURE RCT of severe non-variceal UGI hemorrhage
reported significantly lower rates of 30-day rebleeding
(26.3% vs. 11.1%, p=0.02) among patients treated with
endoscopic hemostasis assisted by DEP monitoring of
blood flow under the stigmata as opposed to standard, visu-
ally guided hemostasis. Most of the patients in that study
had bleeding from peptic ulcers, although DLs were also
included. To our knowledge, the literature describing the use
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of DEP to assist in endoscopic treatment of DL is limited to
this RCT and single case reports [21].

Although the use of DEP for treatment of DL has not
been widely reported, standard endoscopic ultrasound (EUS)
has been advocated to assist with the diagnosis and treatment
of DL and serves to illustrate the importance of understand-
ing the submucosal vascular anatomy of DLs [22-27]. DEP
has several advantages over EUS. It can be used through
the working channel of a standard endoscope and does not
require changing to an echoendoscope. The Doppler probe
can be easily used pre- and post-treatment to assess blood
flow without having to change the endoscope. Perhaps most
importantly, DEP relies only on a straightforward acoustic
evaluation and does not require additional specialized train-
ing or interpretation of ultrasonographic images. It is easy
to learn how to use and inexpensive, as detailed in our recent
reports [2, 14].

This study is the largest prospectively studied cohort of
DL in the published literature. The overall rebleeding rate of
28.0% was higher than other cohorts of patients with bleed-
ing from DL. This may be related to the severe comorbidity
of our patients and the fact that only lesions without sur-
rounding mucosal ulcerations (and not small ulcers) were
included as DLs. Lim et al. [28] noted rebleeding in 17.9%
of patients with initially successful hemostasis after treat-
ment with EBL, injection, or HC in 39 patients with non-
variceal upper GI hemorrhage. Park and colleagues found
rebleeding in 8.5% of 117 Korean patients treated with epi-
nephrine injection, HC, EBL, APC or combination therapy
[29]. A Japanese group reported that rebleeding occurred in
just 1 of 61 patients treated with either injection or HC over
a mean follow-up period of 47 months [30]. Notably, more
than 30% of DL in our cohort were in the fundus, which
is higher than in the above cited studies. This may help to
explain our higher overall rebleeding rate, since lesions in
the cardia and fundus may be more difficult to treat effec-
tively and often require either retroflexion, tangential treat-
ment, or other maneuvers such as patient repositioning to
the right side down.

Our high DL rebleeding rate may also be attributable to
treatment practices at our institution, in which EBL is not
routinely used to treat DL. EBL may be especially helpful
for treating lesions in the proximal stomach where a band
can be applied tangentially more easily than HC. [5-8, 19,
30-33]. However, EBL is associated with complications
including rebleeding due to post-banding ulceration or
incomplete obliteration of the vessel, as well as gastric per-
foration in the thin-walled proximal stomach [5, 6, 8, 34].
DEP monitoring is especially useful for confirming com-
plete vessel obliteration and may be a useful adjunct when
treating DL with either band ligation or OTSC. However,
because OTSC usually obliterates underlying blood flow in
DLs and the large clips are not sloughed off early (as rubber
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bands are), OTSC should be safer than band ligation and as
effective.

Two randomized trials have demonstrated that OTSC is
superior to standard therapy at preventing further bleeding
in patients with peptic ulcer hemorrhage [11, 12]. It has been
used with success to treat DL in small published case reports
[11, 35, 36]. Because the OTSC grasps a much larger volume
of tissue than the traditional hemoclip, attaches deeper, and
has the capability of sealing larger arteries and obliterating
underlying arterial blood flow, it should be more effective
than standard therapy, including either thermal coagulation
and HC. Four patients in our DEP cohort were treated with
OTSC and none experienced rebleeding at 30-days.

Our study has several strengths. First, it is a large cohort
of prospectively collected data from a diverse population
in both a tertiary academic medical center and a large, uni-
versity-affiliated VA. Second, the same CURE GI Hemo-
stasis group treated all the patients in this study, so there
was no difference in expertise or approach to endoscopic
hemostasis. Third, to our knowledge this is the first study to
compare visually guided treatment for DL with DEP-guided
treatment. Fourth, our treatment groups were well matched
in demographic, endoscopic, and laboratory parameters.
Fifth, as advocated by some experts in gastroenterology and
similar to other medical specialties such as cardiology, we
reported a composite outcome [16]. Sixth, we performed
propensity score matching for several variables to account
for possible differences between the VG and DEP patients.
After this adjustment, we identified significant differences in
rebleeding and composite outcomes between the two groups.
Last, our report includes RCT results for DL patients who
were randomized to DEP-assisted treatment or current stand-
ard of care visually guided endoscopic hemostasis.

Our study also has several limitations. First, it is a mod-
est sized study. Second, we did not include EBL as a treat-
ment modality. We also did not use APC, which has been
described as an effective treatment [4]. However, APC
without mucosal contact is superficial with <1 mm coagu-
lation depth. With mucosal contact, it becomes monopo-
lar coagulation with potentially deep coagulation (and the
possibility of perforation). Third, while almost 1/3 of the
patients in our study were randomized, approximately 2/3
were not assigned to treatments in a randomized fashion.
The RCT patients were enrolled after 2009, which intro-
duces the possibility of treatment selection bias in the earlier
cohort study patients. However, especially in the compos-
ite outcome, RCT patients had similar results to the overall
cohort. Moreover, we included time as a variable in our pro-
pensity score adjusted analysis. Fourth, there was a differ-
ence in the endoscopic therapies that were used in the DEP
and VG groups. However, the primary outcomes between
mechanical and thermal treatment were not statistically dif-
ferent. Finally, our RCT cohort was inadequately powered

to demonstrate differences in rebleeding rates between the
VG and DEP groups. A larger multicenter RCT of DL hem-
orrhage would be needed to assess these differences. While
that is the next logical recommendation, this may be difficult
and expensive due to the rarity of DLs and the difficulty of
standardizing the endoscopic classification (vs. small ulcers
with a visible vessel).

Our conclusions are: 1. DL patients with SUGIH were
frequently inpatients and had severe comorbidities and
recurrent bleeding. 2. DEP monitored treatments are prom-
ising for obliteration of residual arterial blood flow and for
definitive endoscopic hemostasis in patients with SUGIH
from DL. 3. 30-day composite outcomes and 30-day rebleed-
ing occurred significantly less often in patients treated with
DEP compared to VG after propensity score adjustment.
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