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Background: Following non-variceal upper gastrointestinal bleeding (NVUGIB), 10–15 per cent of
patients experience further bleeding. Although surgery has been the traditional salvage therapy, there
is renewed interest in transcatheter arterial embolization (TAE). This study examined the use, clinical
characteristics and outcomes of patients receiving salvage surgery or TAE after failed endoscopic
haemostasis for NVUGIB.
Methods: A UK national audit of upper gastrointestinal bleeding was undertaken in May and June 2007.
A logistic regression model was used to identify clinical predictors of endoscopic failure.
Results: Data were analysed from 4478 patients involving 212 UK centres. Some 533 (11·9 per cent)
experienced further bleeding, of whom 163 (30·6 per cent) proceeded to salvage therapy with surgery
(97), TAE (60) or both (6). Among surgical patients (mean age 71 years), 66·0 per cent (68 of 103) had a
Rockall score of at least 3 and emergency surgery was carried out between midnight and 08.00 hours in
21 per cent, with a consultant surgeon present in 89 per cent of operations. Some 9 per cent of patients
had further bleeding after TAE, resulting in later surgery. The mortality rate was 29 per cent after
surgery, 10 per cent after TAE and 23·2 per cent among those with further bleeding after the index
endoscopy that was managed by endoscopy alone. The strongest predictors of endoscopic failure were
coagulopathy (odds ratio 3·27, 95 per cent confidence interval 2·37 to 4·53) and a haemoglobin level of
10 g/dl or less (odds ratio 2·22, 1·71 to 2·87, for haemoglobin 8–10 g/dl).
Conclusion: Salvage surgery and embolization are required in fewer than 4 per cent of patients with
NVUGIB. The high postoperative mortality rate, reflecting age, co-morbidity and severity of bleeding,
warrants a prospective study to establish the effectiveness and safety of TAE as an alternative to surgery
in the management of bleeding after failure of endoscopic therapy.
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Introduction

Non-variceal upper gastrointestinal tract bleeding
(NVUGIB) is a common medical emergency1–3. Despite
advances in endoscopic and pharmacological thera-
pies, 10–15 per cent of patients still experience further

bleeding4–6, either as persistent bleeding at the end of the
index endoscopy or as recurrent bleeding despite achieving
endoscopic haemostasis7–9. Mortality rates are four to five
times greater in patients who experience further bleed-
ing than in those who do not. Apart from resuscitative
care, therapeutic options include repeat endoscopy with
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application of additional haemostatic modalities, surgery
and transcatheter arterial embolization (TAE).

First described in 197210, with success in case series11,
the role of TAE as an alternative or adjunct to surgery
remains poorly characterized. There are few reports
beyond single-centre studies12–15. The present study char-
acterized the use, features and outcomes of patients under-
going salvage surgery or TAE following failed endoscopic
haemostasis for NVUGIB from a comprehensive nation-
wide UK study. The study also sought to identify simple
clinical parameters predicting failure of endoscopic ther-
apy, to facilitate early identification and risk stratification
of patients likely to require a salvage procedure.

Methods

Data were analysed from the 2007 UK national audit
of acute upper gastrointestinal bleeding and the use
of blood16. Detailed methods of case ascertainment
have been described4,16,17. All National Health Service
(NHS) hospitals accepting acute admissions in the
UK were invited to participate. Data were collected
prospectively on all adults (16 years or over) presenting
with acute upper gastrointestinal bleeding between 1
May and 30 June 2007. At no time did the study
group have access to patient records or any data that
identified patients. This analysis included baseline clinical

Table 1 Definitions

Non-variceal upper
gastrointestinal
tract bleeding

Haematemesis, passage of melaena and/or firm
clinical or laboratory evidence of acute blood
loss from the upper GI tract with a confirmed
non-variceal source at endoscopy. Patients
presenting with iron deficiency anaemia without
evidence of AUGIB were not included

Haematemesis Vomiting of blood or blood clots. Patients
presenting with ‘coffee ground’ vomiting were
included only if this was witnessed by medical
or nursing staff

Melaena Passage of dark tarry stools witnessed by
medical or nursing staff or discovered on rectal
examination

Further bleeding Continued bleeding at index endoscopy or further
haematemesis, passage of fresh melaena,
continuing or recurrent hypotension and
tachycardia ± fall in haemoglobin level despite
achieving haemostasis at first endoscopy

Mortality Death within the hospital admission and up to 30
days after index AUGIB

Shock Tachycardia (pulse ≥ 100 beats/min) and/or
hypotension (systolic BP < 100 mmHg)

Coagulopathy INR > 1·5 and/or prothombin time > 3 s prolonged

GI, gastrointestinal; AUGIB, acute upper gastrointestinal bleeding; BP,
blood pressure; INR, international normalized ratio.

characteristics, medications, co-morbidities, transfusion
data, timing and nature of surgical procedures, radiological
data and outcomes of patients requiring salvage surgery
or TAE for NVUGIB. Definitions are provided in
Table 1.

Statistical analysis

A mixed-effects logistic regression model was used
to identify clinical predictors of endoscopic failure.
Hospitals were modelled as random effects in order
to account for correlation between patients presenting
to the same hospital, and to adjust for between-
hospital differences. The model was adjusted for a
prespecified set of potentially confounding variables
and potential predictors of death, selected from a
list of variables based on clinical relevance among
baseline clinical characteristics, endoscopic findings,
pharmacological therapies and admission status. These
variables were: age, sex, presentation with shock, at
least two co-morbid illnesses (ischaemic heart disease,
heart failure, respiratory disease, cancer, stroke, dementia,
cirrhosis and renal failure), presentation with frank
haematemesis, presentation with melaena, haemoglobin
concentration at presentation, urea concentration on
admission, a prolonged coagulation screen (defined as

Patients with AUGIB
included in main analysis

n = 6750 Underwent outpatient
endoscopy or too

unwell for endoscopy
n = 1746

Variceal bleeding
n = 526

Surgery
n = 97 of 163 (59·5%)

TAE
n = 60 of 163 (36·8%)

TAE and surgery
n = 6 of 163 (3·7%)

Further bleeding required surgery and/or TAE
n = 163 of 533 (30·6%)

Experienced further
bleeding after index endoscopy

n = 533 (11·9%)

NVUGIB
n = 4478

Underwent inpatient
endoscopy
n = 5004 

Fig. 1 Study flow chart. AUGIB, acute upper gastrointestinal
bleeding; NVUGIB, non-variceal upper gastrointestinal
bleeding; TAE, transcatheter arterial embolization
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Table 2 Baseline characteristics

Surgery
(n = 97)

TAE
(n = 60)

TAE and
surgery
(n = 6)

Endoscopy
alone

(n = 4315)

Further bleeding
treated by

endoscopy alone
(n = 370)

Proportion
with data
missing

(n = 4478)

Baseline characteristics
Age (years)* 71·2(14·0) 66·5(17·0) 70·2(11·2) 66·6(18·6) 70·8(15·8) 0 (0)
Sex ratio (M : F) 52 : 45 37 : 23 5 : 1 2591 : 1722 280 : 88 2 (0)
New admission 76 (79) 42 (71) 3 (50) 3536 (83·0) 300 (81·1) 57 (1·3)

Disease presentation
Shock 63 (65) 37 (62) 4 (67) 1500 (35·4) 218 (58·9) 80 (1·8)
Haematemesis 41 (42) 13 (22) 4 (67) 1426 (33·1) 123 (33·2) 3 (0·1)
Melaena 66 (68) 42 (71) 4 (67) 2405 (55·8) 292 (78·9) 3 (0·1)
Clinical Rockall score* 3·3(1·7) 3·1(1·8) 4·7(1·5) 2·5(1·8) 3·3(1·8) 0(0)
Clinical Rockall score ≥ 3 (high risk) 63 (65) 34 (57) 5 (83) 2170 (50·3) 281 (75·9) 0 (0)
Total Rockall score* 6·0(2·1) 4·7(2·5) 7·2(1·9) 3·8(2·3) 5·3(2·3) 15(0·3)

Drug history
Aspirin 35 (39) 19 (34) 3 (60) 1379 (33·6) 141 (38·1) 228 (5·1)
NSAID 14 (16) 12 (21) 1 (20) 554 (13·6) 48 (13·0) 256 (5·7)
Clopidogrel 6 (7) 3 (6) 0 (0) 264 (6·5) 34 (9·2) 276 (6·2)
PPI 21 (24) 20 (36) 2 (40) 1143 (28·1) 126 (34·1) 264 (5·9)
Warfarin 6 (7) 7 (13) 0 (0) 355 (8·8) 41 (11·1) 278 (6·2)

Laboratory parameters
Haemoglobin (g/dl)* 8·1(2·7) 8·8(3·1) 6·3(2·1) 10·7(3·2) 9·1(2·6) 298 (6·7)
Urea (10 mmol/l)† 12·6 (7·1–18·2) 10·1 (7·2–18·1) 7·1 (7–14·4) 9·3 (5·4–14·9) 13·1 (8·6–18·7) 483 (10·8)
Coagulopathy‡ 34 (35) 11 (18) 2 (33) 535 (12·4) 97 (26·2) 0 (0)
Creatinine (µmol/l)† 90 (67–121) 91 (72–130) 74 (55–95) 90 (74–116) 99 (78–131 395 (8·8)

Co-morbidities
Ischaemic heart disease 21 (22) 10 (17) 0 (0) 902 (20·9) 108 (29·2) 0 (0)
Dementia 3 (3) 1 (2) 0 (0) 202 (4·7) 24 (6·5) 0 (0)
Cirrhosis 5 (5) 4 (7) 2 (33) 168 (3·9) 25 (6·8) 45 (1·0)
Renal disease 6 (6) 4 (7) 1 (17) 370 (8·7) 51 (13·8) 53 (1·2)
Stroke 5 (5) 3 (5) 0 (0) 324 (7·5) 37 (10·0) 0 (0)
Cancer 7 (7) 7 (12) 1 (17) 357 (8·3) 64 (17·3) 0 (0)
Respiratory disease 13 (13) 9 (15) 1 (17) 484 (11·2) 60 (16·2) 0 (0)
Cardiac failure 7 (7) 4 (7) 1 (17) 257 (6·0) 45 (12·2) 0 (0)
≥ 2 co-morbidities 16 (16) 8 (13) 1 (17) 735 (17·0) 107 (28·9) 0 (0)

Values in parentheses are percentages unless indicated otherwise; values are *mean(s.d.) and †median (interquartile range). ‡Defined as international
normalized ratio above 1·5 or prothrombin time more than 3 s prolonged. TAE, transcatheter arterial embolization; NSAID, non-steroidal
anti-inflammatory drug; PPI, proton pump inhibitor.

an international normalized ratio (INR) of more than
1·5 and/or a prothrombin time over 3 s prolonged), use
of non-steroidal anti-inflammatory drugs, clopidogrel,
aspirin, warfarin or proton pump inhibitors, severity of
endoscopic stigmata (blood in the upper gastrointestinal
tract, visible vessel, spurting vessel, adherent clot, dark spot)
and admission status (new admission versus inpatient).

At least one clinical baseline variable was missing in
20·3 per cent of patients. Multiple imputation was used to
account for missing data, a technique that accounts for the
uncertainty caused by missing data and gives more reliable
results than complete case analysis in most situations18.
Mortality, receipt of red blood cell transfusion, length
of hospital stay and all clinical baseline variables were
included in the imputation model and 25 imputations were
performed. Imputation was done with chained equations

using the Stata package ice19 (StataCorp LP, College
Station, Texas, USA). Continuous variables were analysed
using fractional polynomials20. All analyses were conducted
in Stata SE version 11.

Results

Of the 257 hospitals invited to participate, 223 agreed
and 212 submitted data (http://www.bsg.org.uk/clinical/
general/uk-upper-gi-bleeding-audit.html). A flow chart
detailing case ascertainment is shown in Fig. 1. Some
4478 (89·5 per cent) of all 5004 patients who underwent
inpatient endoscopy had an endoscopically confirmed non-
variceal source of bleeding. In total, 533 (11·9 per cent) of
4478 patients experienced further bleeding, of whom 163
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Table 3 Endoscopic, transfusion and clinical outcome data

Surgery
(n = 97)

TAE
(n = 60)

TAE and
surgery
(n = 6)

Endoscopy
alone

(n = 4315)

Further bleeding
treated by

endoscopy alone
(n = 370)

Proportion
with data
missing

(n = 4478)

Endoscopic data
No. of endoscopies 0 (0)

1 67 (69) 32 (53) 4 (67) 3946 (91·5) 218 (58·9)
2 24 (25) 17 (28) 1 (17) 328 (7·6) 169 (45·7)
3 4 (4) 8 (13) 1 (17) 32 (0·7) 26 (7·0)
≥ 4 2 (2) 3 (5) 0 (0) 9 (0·2) 7 (1·9)

Therapeutic endoscopy 53 (56) 15 (25) 1 (17) 764 (17·9) 150 (40·5) 59 (1·3)
No. of therapeutic procedures 20 (0·4)

1 36 (38) 5 (8) 0 (0) 461 (10·9) 98 (26·5)
2 11 (12) 8 (13) 1 (17) 266 (6·3) 44 (11·9)
≥ 3 4 (4) 2 (3) 0 (0) 19 (0·5) 3 (0·8)

High-risk stigmata 83 (86) 26 (43) 5 (83) 999 (23·2) 222 (60·0) 0 (0)
Time to index endoscopy (h) 296 (6·6)

< 12 40 (45) 21 (36) 2 (50) 771 (19·1) 111 (30·0)
12–24 21 (24) 17 (29) 2 (50) 1150 (28·5) 107 (28·9)
> 24 27 (31) 20 (34) 0 (0) 2111 (52·4) 162 (43·8)

Blood components transfused
Received RBCs within 12 h 83 (86) 41 (68) 6 (100) 1524 (35·3) 258 (69·7) 0 (0)
Received RBCs 91 (94) 47 (78) 6 (100) 2043 (47·3) 357 (96·5) 0 (0)

Amount (units)* 9 (5–14) 8 (3–12) 22 (13–25) 3 (2–4) 5 (3–8) 236 (5·3)
Received FFP 45 (46) 12 (20) 4 (67) 206 (4·8) 58 (15·7) 0 (0)

Amount (units)* 4 (4–8) 4·5 (3·5–10) 4 (3–8·5) 3 (2–4) 4 (2–7) 0 (0)
Received platelets 22 (23) 7 (12) 2 (33) 68 (1·6) 28 (7·6) 0 (0)

Amount (units)* 2 (1–3) 2 (1–2) 1·5 (1–2) 2 (1–3) 2 (1–5) 0 (0)
Outcomes

In-hospital death 28 (29) 6 (10) 3 (50) 254 (5·9) 86 (23·2) 0 (0)
Hospital stay (days)*† 19 (12–19) 17·5 (7–29) 29 (7–29) 6 (3–15) 14 (8–28) 298 (6·7)

Values in parentheses are percentages unless indicated otherwise; *values are median (interquartile range). †Data values censored at 29 days. TAE,
transcatheter arterial embolization; RBC, red blood cell; FFP, fresh frozen plasma.

(30·6 per cent) went on to require salvage surgery (97),
TAE (60) or both (6) to control the haemorrhage.

Patient characteristics

Baseline clinical characteristics are summarized in Table 2.
Patients in the surgery group were older (71·2 versus
66·5 years), more likely to present with shock (65 versus
62 per cent) or haematemesis (42 versus 22 per cent), to
have a clinical Rockall score of at least 3 (65 versus
57 per cent), a lower haemoglobin concentration (8·1 versus
8·8 g/dl), coagulopathy (35 versus 18 per cent) and at least
two co-morbidities (16 versus 13 per cent) than those
having TAE.

Endoscopic procedures and transfusion of blood
components

Details of endoscopic procedures and transfusion of blood
components are outlined in Table 3. Compared with those
who had TAE alone, a greater proportion of patients

in the surgery group underwent only one endoscopy
before the salvage procedure (69 versus 53 per cent), were
reported to have high-risk stigmata of haemorrhage (86
versus 43 per cent) at the index endoscopy and received
a therapeutic procedure at the index endoscopy (56 versus
25 per cent). A similar proportion of patients in the surgery
and TAE groups underwent endoscopy within 24 h of
presentation (69 versus 66 per cent respectively). Some
patients who underwent surgery and/or TAE were reported
to have more than one endoscopic diagnosis, although
the major lesion in those undergoing surgery/TAE was
reported as peptic ulcer disease (72·4 per cent), malignancy
(6·4 per cent), vascular ectasia (3·2 per cent), haemobilia
(14·1 per cent) and other (5·2 per cent).

A greater proportion of patients in the surgery group
than in the TAE group received red blood cells (94 versus
78 per cent), fresh frozen plasma (46 versus 20 per cent) and
platelets (23 versus 12 per cent) while in hospital, although
the median numbers of units of each blood component
transfused per patient was similar in both groups.
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Table 4 Details of surgical procedures

No. of
patients

(n = 103)†

No.
with data
missing

Timing of surgery
Weekend or weekday 5 (4·9)

Mon–Fri 74 (76)
Sat–Sun 24 (24)

Timing 13 (12·6)
Mon–Fri 08.00–17.00 hours 34 (38)
Mon–Fri 17.01–23.59 hours or 37 (41)

Sat–Sun 08.01–23.59 hours
Mon–Sun 00.00–07.59 hours 19 (21)

Time from presentation to index 13·7 (5·1–24·9) 11 (10·7)
endoscopy (h)*

Time from index endoscopy to surgery 1 (0–4) 5 (4·9)
(h)*

Time from presentation to surgery 2 (1–6) 8 (7·8)
(days)*

Indication for surgery
Uncontrolled bleeding 85 (82·5) 0 (0)
Peritonitis/perforation 7 (6·8) 0 (0)
Malignancy 5 (4·9) 0 (0)
Other 9 (8·7) 0 (0)

Surgical procedure
Under-run of ulcer 67 (69) 6 (5·8)
Excision of ulcer 3 (3) 6 (5·8)
Excision of ulcer with

vagotomy/pyloroplasty
2 (2) 6 (5·8)

Partial gastrectomy 9 (9) 6 (5·8)
Other 16 (16) 6 (5·8)

Grade of lead surgeon
Consultant 76 (78) 6 (5·8)
Registrar (supervised) 10 (10) 6 (5·8)
Registrar (unsupervised) 7 (7) 6 (5·8)
Associate specialist/staff grade 4 (4) 6 (5·8)

Grade of most senior anaesthetist
Consultant 63 (76) 20 (19·4)
Specialist registrar 14 (17) 20 (19·4)
Senior house officer 6 (7) 20 (19·4)
Other 0 (0) 20 (19·4)

Postoperative complications
Pneumonia 22 (21·4) 0 (0)
Renal failure 11 (10·7) 0 (0)
Sepsis 9 (8·7) 0 (0)
Significant cardiac event 10 (9·7) 0 (0)
Pulmonary embolism/deep vein

thrombosis
2 (1·9) 0 (0)

Stroke 1 (1·0) 0 (0)
Wound dehiscence/infection 4 (3·9) 0 (0)
Liver failure 3 (2·9) 0 (0)

Values in parentheses are percentages unless indicated otherwise; *values
are median (interquartile range). †Included 97 patients who had surgery
only; the remaining six underwent surgery and transcatheter arterial
embolization.

Surgical and transcatheter arterial embolization
procedures

One hundred and three (2·3 per cent) of the 4478 patients
underwent surgery (Table 4). The median (interquartile

Table 5 Details of transcatheter arterial embolization

No. of
patients
(n = 66)

No.
with data
missing

Underwent diagnostic angiography
Underwent diagnostic angiography first 34 (76) 21 (32)
Bleeding source identified 21 (66) 34 (52)
Therapeutic angiography and embolization 20 (43) 20 (30)
Bleeding controlled successfully 13 (68) 47 (71)

Other radiological procedure
Other radiological procedure 7 (16) 22 (33)
Bleeding controlled successfully 3 (60) 61 (92)

Values in parentheses are percentages.

range, i.q.r.) time from presentation to index endoscopy
in the group receiving surgery was 13·7 (5·1–24·9) h. The
median interval from index endoscopy to surgery was 1
(0–4) days and that from presentation to surgery was 2
(1–6 days). Some 38 per cent of operations (34 of 90) took
place between 08.00 and 17.00 hours on Monday to Friday,
and 21 per cent (19 of 90; data missing for 13 patients) were
carried out between midnight and 08.00 hours, Monday to
Sunday.

The most common indication for surgery was uncon-
trolled bleeding (82·5 per cent, 85 of 103) and the most
commonly performed surgical procedure was under-run of
an ulcer (69 per cent, 67 of 97; data missing for 6 patients).
A consultant surgeon was present at 89 per cent of all oper-
ations (86 of 97; data missing for 6 patients) and was listed
as the lead surgeon in 78 per cent (76 of 97; data missing
for 6 patients). A consultant anaesthetist was present at
76 per cent of all operations (63 of 83; data missing for 20
patients).

Sixty (1·3 per cent) of 4478 patients underwent TAE
only and a further six patients had TAE followed by
surgery (Table 5). These six patients experienced further
bleeding despite TAE, necessitating surgery. There were
no reported instances of gastrointestinal tract ischaemia or
necrosis as a direct complication of TAE.

Mortality and length of hospital stay

The in-hospital mortality rate was 29 per cent (28 of 97)
among the patients who underwent surgery, 10 per cent (6
of 60) among those who had TAE, and 50 per cent (3 of
6) in the six patients who required both TAE and surgery
(Table 3). The mortality rate in the group of patients who
experienced further bleeding after the index endoscopy
and were subsequently managed by endoscopy alone was
23·2 per cent (86 of 370); this group had a greater burden
of co-morbid illness in comparison with patients who
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Table 6 Clinical and endoscopic characteristics predictive of further bleeding

Further bleeding in patients
without characteristic*

Further bleeding in patients
with characteristic* Odds ratio†§ P

Age ≥ 65 years 158 (9·1) 375 (13·9) 1·09 (0·86, 1·38) 0·491
Male 185 (10·3) 347 (12·9) 1·36 (1·09, 1·70) 0·006
In-hospital bleeding 383 (11·1) 144 (19·0) 1·54 (1·20, 1·98) 0·001
NSAID use 434 (11·9) 70 (12·0) 0·94 (0·69, 1·28) 0·683
PPI use 351 (11·6) 153 (12·9) 1·38 (1·09, 1·75) 0·008
Aspirin use 325 (11·5) 186 (13·0) 0·81 (0·64, 1·03) 0·082
Warfarin use 455 (11·6) 48 (13·0) 0·31 (0·19, 0·48) < 0·001
Clopidogrel use 463 (11·8) 39 (14·3) 1·07 (0·72, 1·61) 0·732
Coagulopathy‡ 397 (10·2) 136 (23·4) 3·27 (2·37, 4·53) < 0·001
Urea ≥ 10 mmol/l 153 (7·3) 306 (17·1) 1·51 (1·23, 1·85) < 0·001
Haemoglobin (g/dl) < 0·001

< 8 208 (20·8) 1·65 (1·40, 1·95)
8–10 127 (15·3) 2·22 (1·71, 2·87)
> 10 155 (7·0) 1.00

≥ 2 co-morbidities 408 (11·0) 125 (16·4) 1·06 (0·81, 1·39) 0·663
Shock 228 (8·2) 300 (18·7) 1·57 (1·27, 1·95) < 0·001
Haematemesis 366 (12·2) 165 (11·1) 1·05 (0·82, 1·33) 0·721
Melaena 157 (8·0) 374 (14·9) 1·54 (1·21, 1·96) < 0·001
Stigmata at index endoscopy

Blood in upper GI tract 299 (8·0) 234 (29·8) 2·93 (2·32, 3·69) < 0·001
Visible vessel 454 (11·1) 79 (27·2) 1·39 (1·00, 1·93) 0·054
Spurting vessel 494 (11·0) 39 (41·2) 2·42 (1·47, 4·00) 0·001
Adherent clot 430 (9·9) 103 (32·1) 2·29 (1·70, 3·09) < 0·001
Dark spot in ulcer base 517 (12·1) 16 (19·0) 1·36 (0·72, 2·54) 0·343

Values in parentheses are *percentages and †95 per cent confidence intervals. Overall, 533 (11·9 per cent) of 4478 patients had further bleeding. ‡Defined
as international normalized ratio above 1·5 or prothrombin time more than 3s prolonged. NSAID, non-steroidal anti-inflammatory drug; PPI, proton
pump inhibitor; GI, gastrointestinal. §Mixed-effects logistic regression.

underwent surgery, in particular malignancy, ischaemic
heart disease and a greater proportion with at least two
major co-morbidities. Length of hospital stay was similar
between the surgery and TAE groups (Table 3).

Clinical and endoscopic predictors of failure to
achieve endoscopic haemostasis

Clinical and laboratory parameters at presentation with
NVUGIB (before endoscopy) most strongly associated
with endoscopic failure were coagulopathy (odds ratio (OR)
3·27, 95 per cent confidence interval (c.i.) 2·37 to 4·53;
P < 0·001), haemodynamic shock (OR 1·57, 1·27 to 1·95;
P < 0·001), melaena (OR 1·54, 1·21 to 1·96; P < 0·001),
blood urea concentration at least 10 mmol/l (OR 1·51,
1·23 to 1·85; P < 0·001), and a presenting haemoglobin
concentration of 10 g/dl or less (OR 2·22 (95 per cent c.i.
1·71 to 2·87) for 8–10 g/dl and OR 1·65 (1·40 to 1·95)
for less than 8 g/dl, compared with a haemoglobin level
of more than 10 g/dl; P < 0·001) (Table 6). Endoscopic
stigmata most strongly associated with failure to achieve
haemostasis were fresh blood in the upper gastrointestinal
tract (OR 2·93, 2·32 to 3·69; P < 0·001), an adherent clot
(OR 2·29, 1·70 to 3·09; P < 0·001) and a spurting vessel
(OR 2·42, 1·47 to 4·00; P = 0·001).

Discussion

Nationwide coverage of case ascertainment reflected real-
life practice across 212 UK hospitals and showed that
surgery and TAE were rarely needed as salvage procedures.
Fewer than 4 per cent of all presentations with NVUGIB
required either surgery or TAE to control bleeding, the
remainder being managed by endoscopy. The rates of
surgery in this study were similar to those from other large
registries, including the Canadian Registry on Nonvariceal
Upper Gastrointestinal Bleeding and Endoscopy5, the
Italian Progetta Nazionale Emorragia Digestiva database21

and that from Hong Kong12. Given that rates of surgery
reported 20 years ago were as high as 15–20 per cent22–24,
this is most likely to be a reflection of improvements in
endoscopic treatments and the use of high-dose proton
pump inhibition.

Surgery has been the traditional salvage therapy in
patients with uncontrolled bleeding or further bleeding
that cannot be managed endoscopically. In the present
study 69 per cent of patients had only one endoscopy
before surgery, suggesting that bleeding may have been
torrential at the index endoscopy or that an early decision
was made not to repeat endoscopy in the event of further
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bleeding. The low rates of endoscopic therapy at the
index endoscopy are surprising. This may have been due to
massive bleeding prohibiting the use of endoscopic therapy.

Despite the fact that a consultant surgeon was present
at 89 per cent of all operations, the exceptionally high
postoperative mortality rate of 29 per cent is undoubtedly
a reflection of patient age, co-morbidity and severity of
bleeding.

In recent years, TAE has become increasingly available
as an alternative to surgery and has been proposed
as potentially less hazardous, especially in high-risk
patients25–27. The present study lends further support to
this, given that only 9 per cent had further bleeding after
TAE that necessitated surgery and 86 per cent of patients
requiring TAE as a salvage procedure survived. In this study
it was paradoxical that those who underwent surgery were
older, had more co-morbidities and appeared to present
with more serious bleeding than those who had TAE.
This may reflect the limited availability of interventional
radiology in many UK hospitals at the time of the audit. In
2009 fewer than 10 per cent of all acute hospital trusts in
the UK were able to provide 24 h access to interventional
radiology28.

A significant concern with use of TAE is the risk of
gastrointestinal tract ischaemia and necrosis. Although
there were no such reports in this study, TAE is considered
to be safe above the ligament of Treitz, owing to the rich
collateral blood supply to the stomach and duodenum11.
Although there have been reports of acute ischaemia
after embolization, most cases present later as duodenal
stenosis29 after embolization of the gastroduodenal artery.
Risk factors associated with this are use of embolic agents
such as cyanoacrylate glue and a history of previous surgery
in this area30.

The practice of prophylactic embolization of high-risk
peptic ulcers in which endoscopic haemostasis has been
achieved in order to prevent further bleeding cannot be
recommended routinely based on current evidence, nor
can it be ascertained from this audit whether this approach
was used in any of the patients who underwent TAE.

Close liaison between emergency medicine physicians,
gastroenterologists, surgeons and interventional radiol-
ogists is important to facilitate early processes and algo-
rithms of care in patients who present with severe bleeding.
The present study identified clinical predictors that can
be used at presentation to identify those more likely to
fail endoscopic therapy, including presentation with coag-
ulopathy (INR over 1·5), shock, urea concentration of
10 mmol/l and a haemoglobin level of 10 g/dl or less.
These simple parameters could be used in addition to
established risk scores to facilitate early recognition of

patients most likely to fail endoscopic therapy, in whom
the need for a further intervention is highest. It is not
possible in this retrospective analysis to make a direct com-
parison of the outcomes of patients undergoing surgery
or TAE, nor to understand the decision-making process
in centres where both TAE and surgery are available as
salvage therapy when endoscopy fails. The characteristics
of patients in the two groups were different and differing
processes of care within institutions may have influenced
the decision to offer patients surgery rather than emboliza-
tion. Similarly, this study cannot explain why some patients
who had further bleeding were managed without recourse
to surgery other than the likelihood that this decision was
made on the basis of the extent of co-morbidity (as outlined
in Table 2). Other limitations include lack of data relating
to the timing of TAE, technical details of the procedure
(such as embolization agent and technique) and missing
data.

Salvage surgery or TAE is required in fewer than
4 per cent of patients in the modern management of
NVUGIB in the UK. The apparent success of TAE
in this retrospective analysis, coupled with its increasing
availability, merits a prospective study to establish whether
TAE could be used routinely as an alternative to surgery in
the management of patients in whom endoscopic therapy
fails to control NVUGIB. A randomized clinical trial in
Hong Kong comparing surgery versus embolization for
high-risk ulcers failing endoscopic haemostasis is currently
listed as recruiting31 and this may define the place of TAE
as an alternative to surgery in the current management
algorithm of NVUGIB.
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Supporting information

Additional supporting information may be found in the online version of this article:

Table S1 Participating hospitals (Word document)

Snapshot Quiz

Answer

Snapshot Quiz 12/20

This man has transanal evisceration of the small bowel. At laparotomy, the small bowel was observed to have
herniated through a longitudinal tear in the anterior rectum. Avital small bowel was repositioned into the
abdomen and resected with primary anastomosis. The rectosigmoid was resected with construction of an end
colostomy. Transanal evisceration of the small bowel is a rare entity that carries a high mortality and may be
caused by thinning of the anterior rectum due to chronic prolapse1.
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