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Introduction

Acute non-variceal upper GI hemorrhage (NVUGIH) is a
common indication for hospitalization in the USA with a
reported incidence of 66.7 cases per 100,000 [1]. Peptic
ulcer disease, gastroduodenal erosions, Mallory—Weiss tears
(MWT) and esophagitis are frequent causes of NVUGIH
and account for more than 80% of cases. Other less common
etiologies include Cameron ulcers, UGI cancers, angiodys-
plasia, polyps, gastric antral vascular ectasia (GAVE), and
Dieulafoy’s lesions (DL).

Recurrent NVUGIH is common in high-risk patients and
is associated with complications and increased mortality
[2-9]. The current standard of care is to treat patients with
severe NVUGIH with endoscopic therapy based on visual
stigmata of recent hemorrhage [SRH] [2—4]. These stand-
ard treatments include thermocoagulation (argon plasma
coagulation [APC], multipolar electrocautery [MPEC]) and
through-the-scope hemoclips [HC], either alone or in combi-
nation with epinephrine pre-injection [3, 9]. For NVUGIH,
the goals of endoscopic treatment are to control active bleed-
ing and prevent rebleeding by obliterating arterial blood
flow underneath the SRH [10, 11]. However, rebleeding
still occurs in up to 26% of high-risk patients with major
SRH in peptic ulcers despite these therapies based on visual
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criteria [10]. Several promising techniques have emerged
in the last decade which are important options for reducing
rebleeding rates and improving clinical outcomes (Table 1).
This review will present the scientific evidence for these
novel strategies, including whether they result in definitive
hemostasis, which is defined as successful endoscopic treat-
ment of high-risk patients for control of active bleeding and
prevention of rebleeding.

Doppler Endoscopic Probe

The Doppler endoscopic probe was first described in 1982
[12]. As a single-use endoscopic probe and device (DEP;
Vascular Technology Inc, Nashua, NH), this is approved by
the United States Food and Drug Administration (FDA).
It does not provide direct hemostasis, but assists in lesion
risk stratification by identifying underlying arterial blood
flow, mapping its path, and guiding endoscopic hemostasis
[10, 11]. This is especially useful in lesions with SRH and
underlying arteries such as oozing bleeding, non-bleeding
visible vessels and flat spots, whose characterization can be
challenging and subjective compared to visual cues alone
[11, 13]. In addition to risk stratification, DEP can also be
used to confirm eradication of arterial blood flow after endo-
scopic therapy for definitive hemostasis in lesions with SRH
[10, 11].

DEP is easy to use and to teach endoscopists how to apply
[10, 11, 14]. The tip of the Doppler probe is lubricated and
passed through the working channel of the diagnostic or
therapeutic upper endoscope. It is then lightly applied to the
SRH in a tangential orientation and then moved away from
the SRH for 5-10 mm in a straight line [10, 11]. This is then
repeated in four different quadrants to detect the direction of
blood flow and location of the underlying vessel (Fig. 1) [10,
11]. While the use of Doppler has primarily been described
in treating peptic ulcers, it can also be used for other focal
non-variceal upper GI lesions with underlying arteries such
as Dieulafoy’s lesions and Mallory—Weiss tears [10, 11, 15].

Advantages of the DEP system are its ability to guide risk
stratification and validate risk of visual SRH, its low cost
($150-$200 USD), ease of use, and safety. Disadvantages
include endoscopists needing to learn a new technique, pos-
sible variability among endoscopists in DEP signal interpre-
tation, and nominal extra cost of disposable probes (Table 2).

Several cohort studies reported DEP as a promising tool
for stratifying patients with focal lesions and SRH at high
risk of rebleeding and improving rebleeding rates (Table 3).
The outcomes reported in earlier studies are limited in
current relevance by use of injection monotherapy (now
regarded as less effective) and second look endoscopy (not
routinely used and not recommended) [16—19]. However, a
2016 prospective cohort study examined the use of DEP in
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patients with severe peptic ulcer bleeding and reported that
27.4% of patients with major SRH (arterial spurting—For-
rest 1A, non-bleeding visible vessel [NBVV]—Forrest 2A,
and adherent clot—Forrest 2B) had residual arterial blood
flow after modern, standard of care visually guided endo-
scopic treatment (MPEC or HC) [11]. The investigators
additionally identified arterial blood flow underlying pig-
mented spots (Forrest 2C) in 40.5% of ulcer patients, which
typically are not treated according to current guidelines [3,
9]. They later reported that rebleeding occurred in 20% of
chronic ulcers with flat spots in patients treated medically
[10]. The authors also concluded that DEP was more accu-
rate than SRH alone to risk stratify ulcers for rebleeding at
baseline and was useful as a guide for definitive endoscopic
hemostasis of bleeding ulcers (Table 2, 3, 4, 5, 6).

A recent randomized clinical trial (RCT) supported the
use of DEP in NVUGIH to improve clinical outcomes. This
study compared standard visually guided therapy to DEP-
guided treatment in 148 patients with severe NVUGIH
(84.5% peptic ulcers, 12.8% DL and 2.7% bleeding MWT)
[10]. The investigators reported a significantly lower rate
of 30-day rebleeding among patients in the Doppler group
(26.3% vs. 11.1%; p=0.021) with a number needed to treat
[NNT] of 7. By Kaplan—Meier analysis, there was a sig-
nificant difference in time to lesion rebleeding (p=0.017).
There were also arithmetic lower rates of surgery, death,
major complications, transfusions, and hospital days in the
DEP group. This RCT also importantly identified that 89%
of patients with residual post-treatment arterial blood flow
ultimately rebled, as compared to 0% among patients with
a positive post-treatment DEP that was further treated until
negative (89.9% vs. 0.0%; p <0.001). This finding corrob-
orated earlier cohort studies which reported increased risk
of rebleeding in patients with persistently positive post-
treatment arterial blood flow in peptic ulcers [19, 20]. This
study was included in a recent meta-analysis which found
significantly lower rates of rebleeding [OR 0.13 (95% CI
0.04-0.44); P=0.001], need for surgery [OR 0.05 (95% CI
0.01-0.24); P <0.001], and bleeding associated mortality
[OR 0.19 (95% CI1 0.05-0.81); I=0.00; P =0.025] among
284 patients randomized to treatment with DEP versus
conventional management [21].

As a corollary, persistent arterial blood flow under SRH
usually causes rebleeding in high-risk patients with focal
NVUGIH [10, 11]. These results emphasize that arterial
blood flow underneath the SRH in focal lesions (such as
ulcers and DL) is a major risk factor for lesion rebleeding.
Obliteration of arterial blood flow underneath SRH prevents
rebleeding [10, 11].

In addition to its promising effect on clinical outcomes,
DEP has an excellent safety profile. In a meta-analysis of
526 patients enrolled in ten studies, no patients experienced
any DEP-related adverse events [21]. DEP has also been
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Table 1 Summary table of DEP assisted treatment, OTSC, and TC-325 for NVUGIH

Treatment DEP assisted OTSC TC-325
Type of action Monitoring of thermal or mechani- Mechanical (large clip) Topical Spray
cal hemostasis hemostasis

Indication by stigmata of recent

hemorrhage (SRH)
Major SRH
Arterial bleeding (Forrest 1A) Yes Yes Yes
NBVYV (Forrest 2A) Yes Yes No
Adherent Clot (Forrest 2B) Yes Yes No
Lesser SRH
Oozing (Forrest 1B) Yes Yes Yes
Flat spot (Forrest 2C) DEP + Yes Yes No
Obliterate underlying arterial flow Yes Yes No
Rebleed rate for peptic ulcer bleeds Arterial flow obliterated: 0% 5-10% 20-25%

Arterial flow not obliterated: 11%

Main indications

Cost $150-$200

Focal NVUGI lesions with SRH

Focal NVUGI lesions with Diffuse or tumor bleeding
SRH Rescue treatment

$400-$450 $2500

shown to be cost effective when compared to conventional,
visually guided therapy in acute peptic ulcer bleeding (PUB)
in several different cost-analyses [22-24]. As one example,
when used to direct treatment of ulcers with flat pigmented
spots (Forrest 2C), DEP-guided therapy was more effective
and less expensive than visually guided hemoclips over a
30 day time horizon [23].

OoTsC

The large, over-the-scope clip (OTSC; Ovesco Endos-
copy, Tuebingen, Germany) is a novel endoscopic clipping
device that was first reported in 2007 in a case series which
described its successful use in repair of gastrointestinal
perforations and treatment of GI bleeding [25]. The OTSC
applicator cap attaches to the tip of the endoscope similar

to a band ligation device. There are multiple sizes ranging
from 11 to 14 mm (depending on the size of endoscope that
is being used) and also types of teeth (blunt and several
sharp versions for various applications) (Fig. 2). OTSC was
later described as a treatment for NVUGIH in retrospec-
tive and cohort studies and meta-analyses, with high rates
of technical success and rebleeding rates ranging from 0 to
35% [26-34]. In addition to their retrospective design, these
studies are limited by heterogeneity in terms of bleeding
etiology, location, and therapeutic timing.

Advantages of OTSC include its ability to embed in and
treat large or fibrotic ulcers due to its size and significant
compression force; relatively infrequent complications;
and modest cost ($400-$450 USD) (Fig. 3). Disadvantages
include the need to remove the endoscope, attach the appli-
cator cap (often to a smaller endoscope), and reintubate the
patient prior to treatment; difficulty passing through luminal

Fig. 1 Doppler endoscopic probe transceiver and use to map arterial anatomy underlying Forrest 2A ulcer
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Table 2 Advantages and disadvantages of novel techniques for management of NVUGIH

Hemostasis modality

Advantages

Disadvantages

Doppler endoscopic probe (DEP)

Over-the-scope-clip (OTSC)

TC-325 (Hemospray)

Easy to learn and apply

Does not require withdrawal of endoscope
prior to use

No complications

Inexpensive

Ability to grasp a large volume of tissue

Ability to grasp and embed in fibrotic
tissue

Infrequent complications

Does not require focal/targeted treatment

Non-thermal and non-traumatic

Ability to treat diffuse lesions (e.g.,
tumors)

Relative ease of deployment

Auditory interpretation of Doppler signal
Does not provide direct hemostasis

Requires endoscope withdrawal to load device
Challenging to intubate esophagus or traverse luminal

stenosis

Difficult to position and deploy onto tangential positions

Expensive clips

Technical complications (occlusion of spray catheter or

instrument channel)

Sloughs off quickly (<24 h)
Does not obliterate underlying arterial or venous blood

flow

Reduced lesion visualization after use

Expensive

Table 3 Prospective studies of the Doppler endoscopic probe (DEP) in Non-variceal Upper GI Hemorrhage (NVUGIH)

Author Study design and size (N)  Study population = Treatment Rebleeding rates Important secondary Outcomes

Jaspersen [52]  Prospective Ulcers Injection” DEP+:9% (1/11) Second look endoscopy:
N=11 (Forrest 1) 0% residual DEP +

Kohler [16] Cohort Ulcers Injection” DEP+: 9% (7/78) Second look endoscopy:
N=140 (Forrest II-11T) DEP —: 0% (0/72) 21% residual DEP +

Kohler [18] RCT Ulcers Injection” SRH: 14% Surgery:
N=100 (Forrest II-1I1) DEP: 2%* SRH 5% vs. DEP 0%*

Wong [20] Observational PUD Injection” Post-treatment DEP(—):  Post-treatment DEP:
N=55 (Forrest I-11I) + Thermal Pre DEP+: 11% (1/9) Positive: 100%

Pre DEP —: 0% (0/11) Negative: 11%*
Van Leerdam Cohort Ulcers Injection” DEP+: 12% (5/41) Post-treatment DEP:
[19] N=50 (Forrest Ib-1IIb) DEP —: 22% (2/9) Positive: 27% (3/11) rebleed

Randomized Ulcers DEP+: 0% Negative: 4% (1/27) rebleed*
N=30 (Forrest IIc-I1II) DEP —: 7.1%

Jakobs [53] Prospective Ulcers Injection” 20% (4/20) Second look endoscopy:
N=9 Surgery:

Post-treatment DEP Neg 10%
(2/20)

Jensen [11] Observational Ulcers MPEC/ Forrest 1A: 29% Post-treatment Residual DEP +:

N=162 (Forrest I-11I) Hemoclip Forrest 1B: 0%* Forrest 1A, 2A, 2B: 27.4%
+ Injection® Forrest 1B: 0%

Jensen [10] RCT Ulcers MPEC/ DEP: 11.1% (8/72) Post-treatment DEP:

N=148 (Forrest I-Ilc) Hemoclip Standard: 26.3 (20/76)*  Positive: 88.9% rebleed
Dieulafoy’s + Injection® Negative: 0% rebleed*

MWT

*Indicates significant p value (<0.05)

Mnjection of dilute epinephrine (1:10,000 or 1:20,000) and/or sclerosant
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Table 4 Prospective studies of the over-the-scope clip (OTSC) in Non-variceal Upper GI Hemorrhage (NVUGIH)

Author Study design and Study population Treatments Rebleeding rates Significant secondary outcomes
size (N)

Schmidt [37] RCT Recurrent Ulcer OTSC—33 “Further bleeding”  Cumulative 30-day “further
(N=66) Bleeding Standard—33 @ 7 days bleeding” in OTSC (including
Not blinded (cross-over) OTSC—15.2 14 crossover): 10.6%
19 center Standard—57.6

Jensen [36] RCT Initial treatment of ~ OTSC—25 30-day rebleeding: =~ Medical complications:
(N=53) Ulcers & Dieula-  Standard—28 OTSC: 28.6% OTSC (0%) vs. Standard
Blinded foy’s Lesions with  (no cross-over) Standard: 4% (14.3%)*
2 centers major or lesser Post-treatment transfusion:

SRH

OTSC (0.68) vs. Standard
(0.04)*

SRH is stigmata of recent hemorrhage. Major SRH are active arterial bleeding (Forrest IA), non-bleeding visible vessel (FIIA), or adherent clot
(FIIB). Lesser SRH are oozing bleeding (FIA) or flat spot (FIIC) with underlying arterial blood flow by DEP

strictures, stenoses or the compressed upper esophageal
sphincter area in intubated patients; and challenge in posi-
tioning and deploying the device, especially with tangen-
tial positions of the lesion or SRH (Table 2). Greater than
120 degree tip angulation in each quadrant is an important
requirement with the endoscope to be able to access, target,
and successfully deploy OTSC onto focal lesions such as
ulcers or DL with SRH. There also is a learning curve for
unfamiliar endoscopists utilizing this accessory, especially
with emergencies.

There are a number of techniques that the endoscopist
can employ to optimize OTSC use, especially when treat-
ing fibrotic ulcers. First, it is essential to center the SRH in
the ulcer base in the cap of the OTSC. This is best achieved
using a diagnostic endoscope with at least 120 degrees of
tip control in all four turning quadrants, as described above.
Second, the endoscopist should push the tip of the OTSC
cap firmly against the ulcer base and maintain constant firm
pressure, with the SRH in the center of the cap, while the
clip is deployed. We recommend that the endoscopist main-
tain the position of the SRH within the cap (with firm pres-
sure) while an assistant turns the wheel to deploy the clip.
Lastly, selection of the correct OTSC device is important.
The 11-mm- and 12-mm-diameter OTSC kits are preferred
in patients with an endotracheal tube, as it can be difficult
to intubate the esophagus with larger diameter OTSC. We
also recommend using the OTSC with the 3-mm cap, as the
OTSC systems with a longer cap can be more challenging
to maintain in position centered over the SRH. While stand-
ardization is important, these techniques are best taught at
the bedside by experts.

Because of its ability to grasp larger amounts of tissue
than through-the-scope hemoclips and also fibrotic tissue
with significant compression force, we hypothesized that
OTSC would be more effective at treating NVUGI hem-
orrhage than standard endoscopic hemostasis techniques.
For NVUGIH, rates of persistent arterial blood flow and

rebleeding were monitored by DEP in a recent report [35].
The rates of residual blood flow after standard visually
guided endoscopic hemostasis of major SRH were signifi-
cantly higher than OTSC-treated lesions (24% vs 5%) and
the rebleeding rates were also significantly higher (26% vs.
5%). As with DEP-guided hemostasis, successful oblitera-
tion of arterial blood flow with OTSC leads to definitive
hemostasis of severe focal NVUGIH [10, 11, 35].

Prospective randomized reports on the use of OTSC are
currently limited to two RCTs (Table 4). A recent study by
the CURE Hemostasis group is the only prospective, ran-
domized study describing the use of OTSC in the first line
setting for treatment of severe upper GI hemorrhage [36].
This two center trial randomized 53 patients with either
peptic ulcer disease (91%) or DL (9%) to treatment with
OTSC or standard therapy (MPEC and/or HC, +epineph-
rine pre-treatment of active bleeding or adherent clots) with
subsequent management by physicians blinded to the endo-
scopic treatment. We reported a significantly lower rate of
30-day rebleeding in the OTSC arm when compared to the
standard therapy arm (28.6% vs. 4%; p=0.017) with a NNT
of 4. All of the rebleeds occurred in patients with major
stigmata of recent hemorrhage (active spurting or pulsatile
arterial bleeding, NBVYV, or adherent clot) and no patient
with lesser stigmata (oozing or flat spot with positive arterial
Doppler signal) rebled. Severe medical complications and
post-treatment RBC transfusions were also significantly less
frequent in the OTSC group when compared to the standard
group [36].

The OTSC was also reported in an earlier trial (“STING”)
that randomized 66 patients with recurrent peptic ulcer
bleeding to either OTSC or standard therapy with epineph-
rine injection and/or through-the-scope clips as retreatment
of peptic ulcer bleeds (PUBs) [37]. There were major meth-
odologic differences from the CURE RCT because cross-
over was the design and patient care physicians were not
blinded to the endoscopic treatments. The authors reported
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Table 5 Prospective studies of TC-325 (hemospray) in non-variceal upper GI hemorrhage (NVUGIH)

Author Study design and size  Study population Treatment Immediate hemostasis Rebleeding rates
Pittayanon [54] Prospective Cohort Tumors N=10 - Hemospray: 10%
(N=10) Hemospray—10 Historical Control: 30%
Historical Con-
trol—10
Haddara [55] Prospective Observa- PUD (31%) All Hemospray Hemospray: 96.5% Overall: 33.5%
tional Tumors (30%) PUD: 38%
(N=202) Post-endoscopic Tumors: 25%
(17%) Post-endoscopic: 33.5%
Kwek [48] RCT PUD N=19 Hemospray: 90% Hemospray: 33%
N=19) Hemospray—9 Hemoclip: 100% Hemoclip: 10%
Conventional—10
Baracat [42] RCT Active Bleeding N=39 Hemospray: 95% Hemospray: 27.8%
(N=39) PUD (44%) Hemospray—19 Hemoclip: 90% Hemoclip:. 15.8%
“Other” (16%) Hemoclip—20
Malignancy (13%)
Mallory-Weiss (8%)
Chen [43] RCT Tumors N=20 Hemospray: 90% Hemospray: 20%
(N=20) Hemospray—10 Hemoclip: 40% Hemoclip: 60%

Alzoubaidi [56]

Hussein [50]

Lau [41]

Prospective Observa-
tional
(N=314)

Prospective Observa-
tional

(N=202)

RCT

(N=224)

PUD (53%)

Tumors (16%)

Post-endoscopic
(16%)

PUD

PUD (58%)
Tumors (14.3%)

Conventional—10*

All hemospray

All Hemospray

Hemospray—111
Standard—113

Hemospray: 89.5%

Hemospray: 88%

Hemospray: 2.7%
Standard: 9.7%

Overall: 10.3%
Monotherapy: 7.3%
Combination: 9.6%

Overall: 17%

Hemospray: 8.1%
Standard: 8.8%

a composite primary outcome of “further bleeding,” which
included persistent bleeding despite treatment or rebleed-
ing within 7 days. Further bleeding occurred in 57.6% of
patients in the standard therapy group compared to 15.2% in
the OTSC group (p=0.001). This was driven by rates of per-
sistent bleeding despite initial re-treatment (42.4% vs. 6.0%;
p=0.001) more so than 7-day rebleeding (16.1% vs 9.1%;
p=0.468). A cost analysis based on the STING study results
concluded that OTSC was cost effective in recurrent peptic
ulcer bleeding, despite the increased cost of these clips [38].

TC-325

TC-325 (Hemospray, Cook Medical, Winston-Salem, North
Carolina, USA) is a biologically inert powder that creates
a mechanical barrier over bleeding sites when it comes in
contact with aqueous solution. Its clinical GI use was first
reported in a 2011 case series of 20 patients with peptic
ulcer bleeding and it was approved by the US FDA for endo-
scopic hemostasis in 2018 [39]. Several international con-
sensus statements support the use of TC-325 as temporizing
therapy when experienced endoscopists are not available or
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other endoscopic modalities that are applied do not control
active bleeding [6, 9].

The advantages of the TC-325 treatment are that it can be
easily sprayed from a distance onto bleeding areas to slow or
stop active bleeding.(Fig. 4) It does not require the level of
expertise that is needed to identify, prepare, and effectively
treat focal bleeding for definitive hemostasis with standard
visually guided techniques of bleeding sites. TC-325 can
also be used to treat diffuse mucosal or neoplasia bleeding.
The major limitations of TC-325 as a topical agent are 1)
that is sloughs off after a short time (usually <24 h), 2) it
does not prevent rebleeding nor result in definitive hemo-
stasis of focal lesions with NVUGIH because arterial blood
flow underneath SRH is not obliterated, 3) additional endo-
scopic treatments to prevent rebleeding by obliterating arte-
rial blood flow are required to achieve permanent hemostasis
and 4) each treatment is expensive ($2500 USD) (Table 2).

Several technical tips are important to remember when
utilizing TC-325. First, it is important to take proactive
measures to avoid catheter occlusion. This includes flush-
ing the accessory channel with air prior to passing the cath-
eter & avoiding direct contact between the catheter tip and
pooled blood, mucosa, and the actively bleeding lesion. The
endoscopist should avoid aspirating blood while the catheter
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Table 6 Overall rebleeding o oo modality
rates in PUBs from prospective
trials

Major stigmata (Forrest 1A,

Lesser stigmata (Forrest 1B,

2A, 2B)* (%) 200 (%)
Doppler endoscopic probe (DEP) 15.4 1.1
Over-the-scope-clip (OTSC) 9.4 11.5
TC-325 (Hemospray) 23.6 17.1

*Major SRH are Forrest 1A (active arterial bleeding), Forrest 2A (non-bleeding visible vessel), Forrest 2B

(adherent clot)

ALesser SRG are Forrest 1B (oozing bleeding) or Forrest 2C (flat spot with underlying arterial blood flow by

DEP)

is in the accessory channel because this can lead to occlu-
sion. Second, the endoscopist should maintain the catheter
tip at least 1-2 cm away from the SRH in order to allow
adequate visualization of the lesion without blood touch-
ing the device. Finally, the endoscopist should “paint” the
actively bleeding lesion with several layers of TC-325. Mul-
tiple applications can facilitate hemostasis if the first layer
of powder is unsuccessful [40].

Prospective data regarding the use of TC-325 in NVUGIH
are limited at this time to four prospective randomized trials
and observational studies (Table 5). Only published as an
abstract, the largest RCT to date included 224 patients with
active non-variceal bleeding that were randomly assigned
to TC-325 or standard treatment [41]. The most prevalent
etiologies of bleeding were peptic ulcer disease (58%) and
upper GI tumors (14.3%). Oozing bleeding (Forrest 1B) was
much more prevalent than active arterial bleeding (Forrest
1A). In intention-to-treat analysis, the authors reported
30-day rebleeding-free probabilities of 89.8% in the TC-325
group and 81.1% in the standard treatment group. Patients
in the standard treatment group were significantly more
likely to fail initial attempts to control active bleeding (OR
3.88, 10.5-14.3). There were no significant differences in
recurrent bleeding, death, or need for further interventions
(endoscopic and/or angiographic). Among patients with
bleeding ulcers (N = 130), rebleeding occurred in 12.5%

Fig.2 Over the scope clip
(OTSC) distal attachment (a)
and clip type 3a (b)

in the TC-325 group and 15.4% in the standard treatment
group (p=0.612). The authors concluded that TC-325 was
not inferior to standard endoscopic control of active bleeding
from various non-variceal UGI lesions.

Several smaller randomized studies also compared
TC-325 to standard endoscopic treatments. Bacarat et. al
randomized 39 patients with active bleeding (84% oozing,
16% spurting) to first line treatment with TC-325 or standard
hemoclips [42]. Peptic ulcer disease was the cause of bleed-
ing in 44% of patients and other lesions included malignancy
(13%), post-sphincterotomy bleeding (10%), Mallory-Weiss
tear (8%) and Dieulafoy’s lesion (5%). There was no dif-
ference between the TC-325 and hemoclip group in terms
of primary hemostasis (94.9% vs 90%; p=0.487) and there
was a nonsignificant trend toward increased rebleeding in
the TC-325 group (27.9% vs. 15.8%; p=0.572) at 1 week.
There were no differences between the groups in rates of
surgery, death, RBC transfusion or length of stay. Of the
four patients with active bleeding from gastric tumors, none
experienced rebleeding.

Another RCT examined the role of TC-325 in the man-
agement of tumor bleeding. The authors randomized 20
patients with acute bleeding from malignant tumors to
either TC-325 or standard of care (thermal and/or injec-
tion therapies) [43]. Seventeen patients had bleeding in the
upper GI tract. Immediate hemostasis was achieved in 90%
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E

F

Fig.3 Large duodenal bulb ulcer with visible vessel (Forrest 2A) (a) treated with epinephrine 1:10,000 injection (b). Passage of OTSC through
pyloric channel (¢) with application to ulcer bed (d) and deployment on stigmata (e) with subsequent hemostasis (f)

of patients treated with TC-325 and 40% in the standard
care arm (p=0.057). Rebleeding at 30 days occurred in 20%
and 60% in the TC-325 and standard care arms, respectively
(p=NS). The results of this study were included in a recent
meta-analysis (2 RCT, 2 prospective observational) which
reported an overall tumor rebleeding rate of 21.9% [44]. This
rate compares favorably to prior studies of other endoscopic
modalities which found rates of immediate hemostasis as
low as 40% and rebleeding in up to 30% [45, 46]. However,
rebleeding of UGI and colon lesions with TC-325 as primary
treatment remains high [47]. Such significant rebleeding
requires definitive treatment with other endoscopic, angio-
graphic, or surgical modalities.

A final prospective study used TC-325 in the treatment
of high-risk peptic ulcers. The investigators randomized 20
patients with high-risk peptic ulcers (Forrest 1A, 2A, 2B)
to standard treatment or TC-325 [48]. There was a nonsig-
nificant trend towards increased rebleeding during second
look endoscopy among those treated with TC-325 (33% vs.
10%; p=0.582).

Other case series reported rebleeding rates of 10-19%
when TC-325 was used as monotherapy for peptic ulcer
bleeding (PUB) [39, 49]. A recent registry analysis includ-
ing more than 200 patients with actively bleeding ulcers
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reported initial hemostasis in 88% and rebleeding in 17%
of patients [50]. At this time, the available data suggests
that TC-325 is best used in cases of either active bleeding
that cannot be controlled by the endoscopist using standard
therapies or in diffuse tumor bleeding, which is not ame-
nable to standard thermal or mechanical treatments. For
patients with active arterial bleeding from PUBs, DLs or
other focal NVUGI lesions, as opposed to oozing bleeding,
TC-325 appears to be only a temporizing measure because
it does not obliterate underlying arterial blood flow in focal
lesions such as peptic ulcers or Dieulafoy’s lesions [10, 11,
47]. Definitive hemostasis by experienced endoscopists is
required to prevent rebleeding in such patients.

Conclusion

Severe non-variceal upper GI bleeding from focal lesions
such as PUBs and DLs remains a common clinical prob-
lem. Rebleeding is common when major SRH are treated
with standard, visually guided hemoclipping or thermal
coagulation [10, 11, 15, 36]. Doppler endoscopic probe and
over-the-scope clip are promising new techniques that can
decrease rebleeding rates, especially in high-risk patients
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(Table 6). TC-325 appears to be useful as a temporizing
measure for continued bleeding of NVUGIH when standard
hemostasis fails or is not available by skilled endoscopists or
for palliation of diffuse tumor bleeding until more definitive
treatments can be administered. Residual arterial blood flow
in focal NVUGIH after standard hemostasis or TC-325 is a
major risk factor for recurrent bleeding. Additional rand-
omized, controlled trials are warranted to better define the
respective roles of these new endoscopic treatments in the
management of severe bleeding and whether these are cost
effective. Finally, didactic and hands-on training sessions
are needed and highly recommended to teach trainees and
clinicians when and how to utilize these new hemostasis
techniques [36, 51].

Summary

e Doppler endoscopic ultrasound (DEP), over-the-scope
clip (OTSC), and TC-325 are promising new techniques
for managing non-variceal upper-GI hemorrhage.

e DEP is easy to use and assists in lesion risk stratification
and targeted obliteration of SRH of focal NVUGI lesions
with underlying arterial blood flow.

e OTSC is useful for treating large or fibrotic ulcers to
reduce rebleeding when compared to standard therapy,
but training of endoscopists is needed.

e TC-325 is useful for treating diffuse bleeding of tumors
and achieving initial hemostasis of active bleeding when
standard hemostasis fails. However, underlying arterial
blood flow is not obliterated by this topical technique and
rebleeding of NVUGIH is common.

e Additional randomized clinical trial data is needed to bet-
ter understand the clinical role for these novel endoscopic
therapies.

¢ Didactic instruction about the indications and limitations
of these new techniques and hands-on training are also
recommended for both GI trainees and GI clinicians prior
to application in emergency EGDs.

Fig. 4 Diffuse oozing from
portal hypertensive gastropathy
(a) treated with TC-325 with
subsequent hemostasis (b)
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