
Vol:.(1234567890)

Surgical Endoscopy (2023) 37:1854–1862
https://doi.org/10.1007/s00464-022-09679-9

1 3

ORIGINAL ARTICLE

Reduced mortality for over‑the‑scope clips (OTSC) versus surgery 
for refractory peptic ulcer bleeding: a retrospective study

Armin Kuellmer1   · Tobias Mangold1 · Dominik Bettinger1 · Moritz Schiemer1 · Julius Mueller1 · Andreas Wannhoff2 · 
Karel Caca2 · Edris Wedi3 · Tobias Kleemann4 · Robert Thimme1 · Arthur Schmidt1

Received: 13 April 2022 / Accepted: 25 September 2022 / Published online: 17 October 2022 
© The Author(s) 2022

Abstract
Background  Surgery or transcatheter arterial embolization or are both considered as standard treatment of peptic ulcer 
bleeding (PUB) refractory to endoscopic hemostasis. Over-The-Scope clips (OTSC) have shown superiority to standard 
endoscopic treatment but a comparison with surgery has not been performed, yet.
Patients and methods  In this retrospective, multicenter study, 103 patients treated with OTSC (n = 66) or surgery (n = 37) 
for refractory PUB in four tertiary care centers between 2009 and 2019 were analyzed. Primary endpoint was clinical success 
(successful hemostasis and no rebleeding within seven days). Secondary endpoints were adverse events, length of ICU-stay 
and in-hospital mortality. Univariable and multivariable regression models were performed to define predictive factors for 
allocation to surgical therapy and for mortality.
Results  Age, comorbidities, anticoagulation therapy, number of pretreatments, ulcer location, and Rockall-Score were 
similar in both groups. In the surgical group, there were significantly more patients in shock at rebleeding (78.1% vs. 43.9%; 
p = 0.002), larger ulcers (18.6 ± 7.4 mm vs. 23.0 ± 9.4 mm; p = 0.017) and more FIa bleedings (64.9% vs. 19.7%; p < 0.001) 
were detected. Clinical success was comparable (74.2% vs. 83.8%; p = 0.329). In the surgical group, length of ICU-stay 
(16.2 ± 18.0 days vs. 4.7 ± 6.6 days; p < 0.001), severe adverse events (70.3% vs. 4.5%; p < 0.001) and in-hospital mortality 
(35.1% vs. 9.1%; p = 0.003) were significantly higher. Multivariable analysis defined shock at rebleeding as the main predic-
tor for allocation to surgical therapy (OR 4.063, 95%CI {1.496–11.033}, p = 0.006). Postsurgical adverse events were the 
main reason for the in-hospital mortality (OR 5.167, 95% CI {1.311–20.363}, p = 0.019).
Conclusion  In this retrospective study, OTSC compared to surgical treatment showed comparable clinical success but was 
associated with shorter ICU-stay, less severe adverse events and lower in-hospital mortality.

Bleeding form peptic ulcers is still the most common cause 
of non-variceal upper gastrointestinal hemorrhage. While 
standard endoscopic therapy is effective in 90% of cases, 
the chance of achieving durable hemostastis drops with 
every additional rebleeding, ultimately leading to increased 

mortality [1]. In case of rebleeding after initial successful 
endoscopic therapy, a second endoscopic hemostasis attempt 
is recommended [2–4]. This recommendation is mainly 
attributable to the only RCT comparing endoscopic and 
surgical treatment in this indication [5]. In refractory cases, 
patients are regularly referred to other therapeutic modali-
ties such as surgical treatment or transcatheter angiographic 
embolization (TAE). Meta-analyses and systematic reviews 
comparing these two modalities show a lower rebleeding 
rate for surgery yet a higher rate of complications. [6–8]. 
Although mortality was similar in these (older) meta-analy-
ses, a recently published population-based study has found 
a lower long-term mortality in TAE patients [9]. With these 
conflicting results, the decision which therapy to choose 
relies on the treating physician, the local ressources and 
expertise. Over-the-scope clips (OTSC®, Ovesco endos-
copy, Tuebingen, Germany) have shown high effectivity for 
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severe PUB as demonstrated in multiple retrospective stud-
ies. One randomized study also demonstrated superiority 
over standard endoscopic treatment for recurrent bleeding 
[10–14]. Moreover, a recently published analysis compar-
ing OTSC therapy against TAE in recurrent peptic ulcer 
bleeding found a reduced mortality and shorter ICU stay 
for OTSC [15] The purpose of this study was to compare 
OTSC therapy to surgery in refractory peptic ulcer bleeding 
of the upper gastrointestinal tract.

Patients and methods

Study design

Data of 1331 patients with bleeding from ulcers in the upper 
gastrointestinal tract at four hospital sites in Germany (Uni-
versity Hospital Freiburg, Ludwigsburg Hospital, University 
Medical Center Göttingen, Carl-Thiem Hospital Cottbus) 
were screened for eligibility. Inclusion criteria were: (a) 
bleeding from gastroduodenal peptic ulcers and (b) OTSC 
or surgery performed after failure of at least one endoscopic 
treatment (persistent or recurrent bleeding).

Exclusion criteria were: (a) bleeding of other source than 
peptic ulcer (e.g. Dieulafoy-lesion, variceal bleeding, anasto-
motic ulcers) and (b) execution of surgical or OTSC therapy 
without at least one prior endoscopic hemostasis attempt.

Endpoints and definitions

The primary endpoint of the study was clinical success, 
defined as a combined endpoint of successful hemostasis 
and absence of rebleeding within seven days after the index 
intervention.

Secondary endpoints of our study were need for addi-
tional therapeutic intervention (“re-therapy”), length of hos-
pital stay, length of stay on intensive care unit or intermedi-
ate care, need for red blood cell transfusion, adverse events 
and in-hospital mortality.

Rebleeding was defined using criteria as recommended 
[16] and/or if an intervention (endoscopic, radiographic, 
surgical) had to be performed for treatment.

Failure in the OTSC group was defined as inability to 
stop the bleeding after placement of the OTSC or if an 
OTSC could not be placed after the endoscope had already 
been loaded with the clip due to gastrointestinal stenosis or 
fibrotic tissue.

Adverse events and severe adverse events were defined 
according to good clinical practice guideline E6 (R2) 
(https://​www.​ich.​org/​page/​effic​acy-​guide​lines). Thus, 
a Serious Adverse Event (SAE) is any untoward medi-
cal occurrence that at any dose either a) results in death, 
b) is life-threatening c) requires inpatient ospitalization or 

prolongation of existing hospitalization and d) results in per-
sistent or significant disability/incapacity.

Comorbidities were assessed using the Charlson comor-
bidity index [17].

Search strategy

Specific diagnosis-codes for peptic ulcer bleeding and 
procedure-codes of OTSC or surgery of the German DRG-
system were used for patient identification (see supple-
mentary table 1). A list of patients fulfilling both criterions 
of diagnostic and procedural codes within a timeframe of 
2009–2019 was created by searching in the respective hos-
pital information system at each investigational site. The 
study was approved by the institutional review board of the 
University of Freiburg (No. 534/19; Dec 5th, 2019) and was 
performed in accordance with the Declaration of Helsinki.

Data management and statistical analysis

Patients were recruited at their participating center and were 
integrated in local databases and summarized in a central 
database located at the University Medical Center Freiburg. 
The documentation of the patients from each center was 
within the responsibility of the local investigators. Baseline 
characteristics of the patients were analyzed at the time of 
recurrent peptic ulcer bleeding. Continuous variables are 
expressed as mean with standard deviation, whereas cat-
egorical variables are reported as frequencies and percent-
ages unless stated otherwise. For continuous variables, dif-
ferences were determined using Wilcoxon–Mann–Whitney 
and Kruskal–Wallis tests as there was no Gaussian distribu-
tion of the data confirmed by the Kolmogorov–Smirnov test. 
Χ2 tests or Fisher’s exact tests were used for categorical vari-
ables. p values < 0.05 were considered significant. Predictive 
factors for allocation to surgical treatment and analyses of 
predictive factors for in hospital mortality were analyzed 
using uni-and multivariable logistic regression models. Vari-
ables with a p < 0.05 in the multivariable model entered the 
multivariable model without further variable selection.

Data collection was performed with Microsoft © Excel 
2016 for Mac Os (Version 15.21 (Microsoft, Redmond, 
USA). Statistical analyses were performed with SPSS (ver-
sion 27.0, IBM, New York, USA).

Results

Baseline characteristics

Medical records of 1331 patients were screened, 103 patients 
were eligible for further analysis (Fig. 1). OTSC therapy 
was performed in 66 patients and surgical treatment in 37 

https://www.ich.org/page/efficacy-guidelines
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patients. Mean age in the OTSC group was 70.9 ± 13.4 years 
vs. 70.1 ± 11.3 years in the surgical group (p = 0.462). The 
mean Charlson comorbidity index (CCI) was 4.1 ± 2.7 and 
3.7 ± 2.7 in the OTSC and surgical group, respectively 
(p = 0.491). In the OTSC group, 34/66 patients (51.5%) 
were on anticoagulation or anti-platelet therapy compared 
to 17/37 patients (45.9%) in the surgical group (p = 0.682). 

Table  1 summarizes the baseline characteristics of the 
included patients.

The mean number of endoscopic pretreatments was 
1.5 ± 0.7 in the OTSC group and 1.7 ± 0.8 in the surgical 
group (p = 0.392). Mean hemoglobin level before therapy 
was higher in the OTSC group (7.7  mg/dl ± 1.6 versus 
6.6 mg/dl ± 1.6; p = 0.002). Hemorrhagic shock at rebleed-
ing was present in 29/66 patients (43.9%) in the OTSC group 

Fig. 1   A flowchart of the study 
cohort is shown. Clinical suc-
cess: successful hemostasis 
(no primary failure) AND the 
absence of a rebleeding within 
7 days after intervention. Failure 
in the OTSC group: inability to 
stop the bleeding after place-
ment of the OTSC, and/or if an 
OTSC could not be placed (after 
the endoscope was loaded with 
the clip). Failure of surgery: 
inability to stop a bleeding via 
surgical procedures

Table 1   Baseline characteristics 
of the total cohort are shown

Statistical analysis was performed with Mann–Whitney U-test (continuous variables), and χ2 tests or Fish-
er’s Exact tests (categorial variables). p values < 0.05 were considered being significant
OTSC over-the-scope clips, SD standard deviation, n number

OTSC (n = 66) Surgery (n = 37) p

Patient characteristics
 Age (years), mean ± SD 70.9 ± 13.4 70.1 ± 11.3 0.462
 Charlson Comorbidity Index, mean ± SD 4.0 ± 2.7 3.7 ± 2.7 0.491
 Anticoagulation or platelet inhibition, n (%) 34 (51.5) 17 (45.9) 0.682

Bleeding characteristics
 Number of endoscopic pretreatments, mean ± SD 1.5 ± 0.7 1.7 ± 0.8 0.392
 Hemoglobin before Salvage treatment {mg/}, mean ± SD 7.7 ± 1.6 6.6 ± 1.6 0.002
 Shock at reebleding, n (%) (5 unknown in surgery) 29 (43.9) 25 (78.1) 0.002

Ulcer characteristics
 Size (mm), mean ± SD 18.6 ± 7.4 23.0 ± 9.4 0.017

Localisation
 Duodenal bulb n (%) 43 (65.2) 25 (67.6) 0.832
 Other, n (%) 23 (34.8) 12 (32.4) 0.832

Forrest
 Forrest Ia, n (%) 13 (19.7) 24 (64.9)  < 0.001
 Forrest Ib, n (%) 42 (63.6) 12 (32.4) 0.004
 Forrest IIa, IIb, n (%) 11 (16.7) 1 (2.7) 0.052
 Rockall score, mean ± SD 6.9 ± 1.8 6.9 ± 1.7 0.878
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compared to 25/37 (78.1%) patients in the surgical group 
(p = 0.002).

Regarding ulcer characteristics, mean size (18.6 ± 7.4 mm 
vs. 23.0 ± 9.4 mm, p = 0.017) was significantly higher in the 
surgical group, yet the proportion of ulcers > 20 mm in size 
was not significantly different (27.3% vs. 45.9%; p = 0.082). 
The main localization of the bleeding ulcer was the duodenal 
bulb in both groups with no significant difference (65.2% 
vs. 67.6%; p = 0.832). Active bleedings (FIa and FIb) were 
present in 83.3% (OTSC) versus 97.3% (surgery) of cases 
(p = 0.052). Forrest Ia bleedings were observed in 13/66 of 
ulcers (19.7%) in the OTSC group in contrast to 24/37 of 
ulcers (64.9%) in the surgical group (p < 0.001), whereas 
FIb bleedings were significantly more frequent in the OTSC 
group (42/66 of patients (63.6%) versus 12/37 of patients 
(32.4%; p = 0.004). The mean Rockall score in both groups 
was 6.91 ± 1.8 in the OTSC group and 6.9 ± 1.7 in the surgi-
cal group (p = 0.878).

Oversewing was the main surgical treatment, accounting 
for 49% of patients (18/37) followed by Billroth-I-resection 
in 22% (8/37), (sub) total gastrectomy with roux-en-y recon-
struction in 22% (8/37), wedge-resection in 5% (2/37) and 
Billroth-II-resection in 3% (1/37).

Outcome

Clinical success was achieved in 74.2% of the OTSC group 
as opposed to 83.8% in the surgical group (p = 0.329). 
Primary success (89.4% vs. 97.3%; p = 0.253) and 7-day 
rebleeding rate (15.2% vs. 13.5%; p = 0.999) were also simi-
lar in both groups. The number of re-therapies were similar 
in both groups. However, in the OTSC group, re-therapy 
could be performed endoscopically in the majority of cases 
(71.1%; 27/38 procedures). TAE was done in 15.8% (6/38 
procedures) and surgery in 13.2% (5/38 procedures) of cases. 
In contrast, surgery was the main modality in the surgical 
group, accounting for 76.7% (33/43) of procedures. Endo-
scopic re-therapy was performed in 14,0% (6/43) and re-TAE 
in 9.3% (4/43) of cases. In comparison, surgical re-therapy 
was performed significantly more frequently in the surgical 
group (n = 33 vs. n = 5; p < 0.001). Outcome parameters are 
summarized in Table 2.

Severe adverse events (SAE) occurred in 4.5% of patients 
the OTSC group (n = 3) and in 70.3% of the surgical group 
(n = 26) (p < 0.001). These consisted of tissue irritation of 
the clip leading to hemorrhage in two cases and one insuf-
ficiency of a duodenal stump after surgical re-therapy in the 
OTSC group. In the surgical group, all of the SAEs (n = 26) 
were surgery-related. Main SAEs in the surgical group were 
suture or stapler insufficiencies, accounting for 50% of 
SAEs. In detail, these were mainly anastomotic insufficien-
cies (27%) followed by insufficiencies of gastrotomies/duo-
denotomies (12%) or a duodenal stump (12%). Other SAEs 

in this group were wound dehiscence (27%), paralytic ileus 
(15%) and tissue ischemia (8%). Mean number of red blood 
cell transfusions was comparable in both groups (3.7 ± 6,5 
vs. 5.4 ± 8.9; p = 0.906). The length of hospital stay was sig-
nificantly longer in the surgical group (23.1 ± 18.4 days vs. 
15.2 ± 12.4 days; p = 0.001) as well as duration of ICU treat-
ment (16.2 ± 18 days vs. 4.7 ± 6.6 days; p < 0.001).

The in-hospital mortality in the OTSC group was signifi-
cantly lower than in the surgical group (9.1% versus 35.1%; 
p = 0.003; OR 5.42 [95% CI 1.85–15.90]).

Factors associated with allocation to surgical 
treatment

In order to determine predictive factors for allocation to sur-
gical treatment, uni- and multivariable logistic regression 
models were performed (Table 3). Multivariable logistic 
regression model identified shock at rebleeding (OR 4,263, 
95% CI {1.545–11.746}; p = 0.005) and ulcer size (OR 
1.090, 1.020–1.165; p = 0.011) as independent predictors 
for allocation to surgical treatment. Comorbidities as well 
as primary success during the first bleeding episode did not 
emerge as significant and independent predictive factors.

Subgroup analysis of patients with shock 
at re‑bleeding

Hemorrhagic shock was the most important factor for allo-
cation to surgical treatment. Patients with shock at the re-
bleeding event and who received OTSC application had sim-
ilar clinical success rates (75.9% vs. 80.0%, p = 0.755) and 
rebleeding rates during the hospital stay (17.2% vs. 20.0%, 
p = 0.999), 7 days (17.2% vs. 16.0%, p = 0.999) and 30 days 
(17,2% vs. 20.0%, p = 0.999) after the re-bleeding episode. 
Importantly, in-hospital mortality was significantly higher in 
patients with shock allocated to surgical treatment (6.9% vs. 
32.0%, p = 0.032). Data is also shown in the supplemental 
material Table 2.

Factors associated with increased in‑hospital 
mortality

A total number of n = 19 patients (18%) died within the 
patient cohort.

During the hospital stay six patients (9.1%) died in the 
OTSC group compared to 13 (35.1%) patients in the surgery 
group (p =). While seven-day mortality was not significantly 
different in both groups (3% vs. 2.7%; p = 0.99), 30-day 
mortality was significantly higher in the surgery group 
compared to the OTSC group (7.6% vs. 24.3%, p = 0.033). 
Multivariable logistic regression model for analysis of pre-
dictive factors for in-hospital mortality identified adverse 
events after therapy (OR 5.167, [95% CI 1.311–20.363]; 
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p = 0.019), allocation to surgical treatment (OR 4,161, 95% 
CI {1,129–15,346}, p = 0.032) and CCI (as independent sig-
nificant risk factors for index mortality. Table 4 shows the 
uni- and multi-variable analysis.

Discussion

Refractory peptic ulcer bleeding is still a common problem 
in interventional endoscopy with significant morbidity and 
mortality. Our retrospective study demonstrates that treat-
ment with over-the-scope clips (OTSC) has comparable 
technical and clinical success compared to surgery. It is 
associated with shortened stay on ICU and lower complica-
tion rates, leading to a lower in-hospital mortality. To our 
knowledge, this is the first study directly comparing OTSC 
and surgery for refractory PUB.

To date, there is only one RCT comparing standard endo-
scopic therapy to surgery in terms of peptic ulcer bleeding 
[5]. Success rates of endoscopic therapy are similar, yet the 
study is not fully comparable to our data for several reasons: 
different hemostasis methods were used (thermal and injec-
tion vs. OTSC ± injection) and the mean time to rebleeding 
was shorter (72 h vs. 7 day in our study)., Moreover, only 
rebleeding patients after a single endoscopic hemostasis 

attempt were included (our study also included persistent 
bleedings and patients with numerous previous hemostasis 
attempts). Furthermore, number of transfusions or length of 
hospital stay are not comparable to current studies as patient 
management including transfusion strategies changed mark-
edly over the last 22 years. Our study results are in concord-
ance with the finding that severe adverse events were sig-
nificantly higher in the surgical group. Mortality was almost 
doubled in the surgical group (18% vs. 10%) yet did not 
reach statistical significance, most likely due to low patient 
numbers.

With respect to baseline characteristics in our analysis, 
the cohort seems comparable to meta-analyses on OTSC 
[11, 13] and surgical studies [6, 8, 18]. However, the mean 
Charlson Comorbidity Index in our study is higher compared 
to other studies [7, 9, 18, 19].

There were no significant differences in both groups 
regarding age, CCI, patients on anticoagulation or platelet 
inhibition, number of pretreatments, ulcer location (65% 
duodenal bulb), ulcer size above 20 mm and Rockall Score. 
However, the proportion of F1a bleedings, mean ulcer size 
and patients with hemodynamic instability was significantly 
higher in the surgery group. As all three factors have been 
shown to be predictors of endoscopic treatment failure we 
cannot exclude that may have biased the results in favour 

Table 2   Outcome parameters are shown

Statistical analysis was performed with Mann–Whitney U-Test (continuous variables), and χ2 tests or Fisher’s Exact tests (categorial variables). 
p values < 0.05 were considered being significant
OTSC over-the-scope clips, SD standard deviation, n number, OR Odds ratio, CI confidence interval

OTSC n = 66 Surgery n = 37 p OR 95%-Confidence-Interval

Clinical success, n, (%) 49 (74.2) 31 (83.8) 0.329 1.79 [0.64–5.04]
 Primary success, n, (%) 59 (89.4) 36 (97.3) 0.253 4.27 [0.50–36.15]
 7-day rebleeding, n, (%) 10 (15.2) 5 (13.5) 0.999 0.88 [0.27–2.79]

Need for re-therapy, n, (%) 20 (30.3) 17 (45.9) 0.136 1.96 [0.85–4.50]
Number of re-therapy, n, /patient 38 43 0.073
 Re-Endo, n, % of re-therapy 27 (0.71) 6 (0.14) 0.148
 Re-TAE, n, % of re-therapy 6 (0.16) 4 (0.09) 0.719
 Surgery, n, % of re-therapy 5 (0.13) 33 (0.77)  < 0.001

Severe adverse events, OTSC/sur-
gery related; n, (%)

2 (3.0) 26 (70.3)  < 0.001

Severe adverse events, re-therapy-
related; n, (%)

1 (1.5) 0 0.999

Severe adverse events, OTSC/
surgery and re-therapy-related; 
n, (%)

3 (4.5) 26 (70.3)  < 0.001

Red blood cell transfusions, 
mean ± SD

3.7 (6.5) 5.4 (8.9) 0.906

Length of hospital stay {days}, 
mean ± SD

15.2  ± 12.4 23.1  ± 18.4 0.001

Lenght of ICU or IMC {days}, 
mean ± SD

4.7  ± 6.6 16.2  ± 18.0  < 0.001

In-hospital mortality, n, (%) 6 (9.1) 13 (35.1) 0.003 5.42 [1.85–15.90]
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of OTSC treatment.[2, 5, 20]. However, available studies 
indicate that endoscopic treatment of severe hemorrhage 
(including FIa bleeding) with OTSC is highly effective [11, 
21–23] The compression force of the clip is significantly 
higher compared to standard clips and burst pressures are 
similar to a surgical suture as animal studies have shown [24, 
25]. In our clinical experience, as soon as the bleeding vessel 
can be detected and reached with the endoscope, achieving 
hemostasis with an OTSC is possible in almost all cases 
irrespective of a spurting or oozing lesion. This is also sup-
ported by the fact that the success rate of OTSCs is higher 
when applied to a persistent bleeding rather than a recurrent 
bleeding [11, 23]. Second, factors associated with failure of 
OTSC treatment is scarce, which makes a comparison to risk 
factors associated with failure of standard treatment difficult. 
While Elmunzer et al. found active bleeding being a risk 
factor for rebleeding in standard therapy [2], Richter-Schrag 
[12]did not find a significant link between active and non-
active bleedings regarding the outcome of OTSC therapy 
(only FLET vs. SLET was significant). In the STING study, 
neither Forrest Ia nor ulcer size > 20 mm were risk factors 
for treatment failure on univariate analysis [11]. Third, in a 
study investigating OTSC in patients with anticoagulation, 

the proportion of rebleeders with FIa and Fib bleedings was 
not different [26]. On the other hand, Wedi et al. found a sig-
nificant association between Forrest classification and risk 
of rebleeding but only investigated patients with first-line 
OTSC [27].

Regarding patients in shock at rebleeding, multivariate 
analysis of our patient cohort showed that along with ulcer 
size this was the main allocation criteria to surgical therapy 
(Table 3). The reason for this could not be cleared, as the 
number of pretreatments and ulcer location were not differ-
ent in both groups. Larger ulcers (mean) may have led to 
more intense bleedings, yet the proportion of ulcers > 20 mm 
in size in both groups was not significantly different in both 
groups.

Clinical success, the primary endpoint of the study, was 
comparable in both groups with 74.2% in the OTSC group 
vs. 83,8% in the surgical group (p = 0.329). Regarding pri-
mary success and re-bleeding in the OTSC group, results are 
in line with most other studies investigating OTSC therapy 
for severe upper GI-bleeding with the restriction that usu-
ally first-line therapy and various bleeding entities were 
analyzed [13, 14]. In contrast to its high efficacy as first 
line therapy, success rates of OTSC therapy drop when used 

Table 3   Univariable and multivariable logistic regression regarding allocation to surgical treatment are shown

β regression coefficient, OR Odds ratio, 95% CI 95% confidence interval

Parameter Univariable model Multivariable model

β OR 95%CI p value β OR 95%CI p value

Primary success in firstline − 0.925 0.397 0.173–0.908 0.029 0.917 2.502 0.276–22.660 0.415
Shock at rebleeding 1.517 4.557 1.729–12.007 0.002 1.449 4.260 1.545–11.746 0.005
Ulcer size 0.067 1.069 1.012–1.129 0.017 0.087 1.090 1.020–1.165 0.011
Charlson comorbidity Index 

(full score)
− 0.051 0.95 0.817–1.105 0.508

Table 4   Univariable and multivariable logistic regression regarding mortality to surgical treatment are shown

β regression coefficient, HR Harzard ratio, 95% CI 95% confidence interval

Parameter Univariable model Multivariable model

β HR 95%CI p value β HR 95%CI p value

Group 1.689 5.417 1.845–15.902 0.002 1.426 4.161 1.129–15.346 0.032
Shock at rebleeding 0.573 1.773 0.557–5.637 0.332
Charlson Comorbidity Index (full score) 0.235 1.264 1.051–1.52 0.013 0.31 1.36 1.087–1.698 0.007
Coagulation disorder 2.279 9.765 0.837–113.896 0.069
Primary success in firstline − 0.38 0.684 0.251–1.863 0.457
Coagulation abnormalities at rebleeding − 0.048 0.953 0.305–2.985 0.935
Ulcus cat size − 0.442 0.643 0.211–1.959 0.437
Forrest Ia 0.588 1.8 0.657–4.934 0.253
Forrest Ib 0.01 1.01 0.373–2.738 0.984
Forrest IIa − 19.871 0 0–0 0.999
Complication second line 2.15 8.55 2.685–27.228  < 0.001 1.642 5.167 1.311–20.363 0.019
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as a second-line or salvage therapy [11–14, 27]. Moreover, 
second-line OTSC therapy compared to first-line OTSC is 
an independent risk factor for rebleeding in multivariable 
analysis [12].

It is known that ulcer-related and clinical parameters such 
as comorbidities increase the risk of rebleeding, irrespective 
of the treatment modalities [2, 28, 29]. With a higher mean 
Charlson comorbidity index in comparison to other studies, 
the failure rate in our study of 26% seems appropriate.

Regarding the surgical group, achieving hemostasis is 
regularly nearby 100%, so the rebleeding rate accounts for 
clinical success. The rebleeding rate of 13.5% in our study 
matches with three meta-analysis reporting around 15% 
[6–8].

The in-hospital mortality rate in our study was signifi-
cantly higher in the surgical compared to the OTSC group 
(35.1% vs. 9.1%; OR 5.42 [95% CI: 1.85–15.90]; p = 0.003) 
(See also Table 2). Only two studies using OTSC as sec-
ond-line or salvage therapy have reported mortality rates. 
It ranges from 9.1% in the STING study up to 27% in a 
retrospective study by Richter-Schrag et al., but it has to be 
noted that the latter is hardly comparable to our study as it 
included various indications of OTSC therapy (e.g. bleeding 
anastomotic ulcers and malignancies) [11, 12]. Moreover, 
chronic comorbidities were not addressed systematically 
in both studies. Mortality rates in the surgical studies vary 
between 10 and 50% of cases [6–8], but if only studies with 
a reasonable number of deaths recorded (n ≥ 10) are counted, 
the number increases from 20 up to 50% of cases [28, 30, 
31]. Our reported 35% is in the upper half of this scale, but it 
has to be noted that our study cohort had a higher mean CCI, 
which is a validated prognostic factor regarding mortality.

To further clarify why surgical patients display a signifi-
cantly higher mortality, univariate and multivariate regres-
sion analysis was performed: independent risk factors were 
CCI, surgical therapy and adverse events after re-therapy. In 
other words, the strongest predictor for death in this analysis 
were adverse events arising from surgical therapy leading to 
further interventions. The rate of 70.3% of SAEs match with 
the reported rate of 60% in the analysis of Nykänen et al. 
Mainly anastomotic or stapler insufficiencies, not rebleed-
ing, were the reason for re-therapy in the surgical cohort. 
This also explains why re-therapy in the surgical group had 
to be surgical in 77% of cases while surgery in the OTSC 
group was necessary in 13% (p < 0.001).

Shock and severe anemia/need for transfusion are known 
risk factors for anastomotic insufficiency after surgery 
[32–34]. The high percentage of patients in shock at rebleed-
ing in the surgical group together with the high rate of insuf-
ficiencies leading to complications supports this finding. 
Taken together, surgical (re-) treatment should be avoided 

in these usually frail and multimorbid patients as mortality 
rises due to a higher risk of anastomotic insufficiency, which 
is in part a consequence of shock resulting from uncontrolled 
bleeding. From our point of view, OTSC treatment should 
therefore be attempted in every suitable case to prevent this 
deadly cascade before a patient is sent to surgery.

Our study has several limitations: the main weakness is 
the retrospective design of the study. Patients were not ran-
domly assigned to OTSC or surgical therapy but decision on 
therapy was rather based on decision of the endoscopist or 
surgeon which makes an inclusion bias possible. A second 
limitations is that treatment itself did not follow a standard 
protocol. A third limitation is the difference in baseline char-
acteristics regarding shock and proportions of FIa bleedings. 
Although doubts can be expressed regarding the generaliz-
ability of rebleeding risk factors regarding OTSC treatment, 
shock is unquestionable an indicator of poor outcome and 
the difference in both groups limit the comparability of the 
two groups.

Conclusion

In this study, OTSC compared to surgical treatment in 
refractory PUB showed comparable efficacy in terms of 
hemostasis but was associated with a lower in hospital mor-
tality and shorter ICU stay. Multivariable analysis defined 
charlson comorbidity index and postsurgical complications 
as main predictors for in-hospital mortality. Our analysis 
indicates that endoscopic treatment with OTSC should be 
preferred over surgery for refractory PUB.

The retrospective design of the study and differences in 
baseline characteristics (e.g. higher number of patients in 
shock in surgical group) may limit the generizability of the 
results. A randomized controlled trial could define risk fac-
tors associated with failure of OTSC treatment in this indica-
tion and to reduce the risk of selection bias. However, due 
to ethical reasons and in terms of feasibility, this would be 
almost impossible to perform.
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