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INTRODUCTION

Overt gastrointestinal (GI) bleeding is defined as GI 
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Objective: To investigate the diagnostic performance of computed tomography angiography (CTA) in identifying the cause 
of bleeding and to determine the clinical features associated with a positive test result of CTA in patients visiting 
emergency department with overt gastrointestinal (GI) bleeding.
Materials and Methods: We included 111 consecutive patients (61 men and 50 women; mean age: 63.4 years; range: 28–
89 years) who visited emergency department with overt GI bleeding. They underwent CTA as a first-line diagnostic modality 
from July through December 2010. Two radiologists retrospectively reviewed the CTA images and determined the presence 
of any definite or potential bleeding focus by consensus. An independent assessor determined the cause of bleeding based 
on other diagnostic studies and/or clinical follow-up. The diagnostic performance of CTA and clinical characteristics 
associated with positive CTA results were analyzed.
Results: To identify a definite or potential bleeding focus, the diagnostic yield of CTA was 61.3% (68 of 111). The overall 
sensitivity, specificity, positive predictive value (PPV), and negative predictive value were 84.8% (67 of 79), 96.9% (31 of 
32), 98.5% (67 of 68), and 72.1% (31 of 43), respectively. Positive CTA results were associated with the presence of 
massive bleeding (p = 0.001, odds ratio: 11.506).
Conclusion: Computed tomography angiography as a first-line diagnostic modality in patients presenting with overt GI 
bleeding showed a fairly high accuracy. It could identify definite or potential bleeding focus with a moderate diagnostic 
yield and a high PPV. CTA is particularly useful in patients with massive bleeding.
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bleeding with visible bright red or altered blood in emesis 
or feces (1). It is a medical emergency that can cause major 
morbidity and mortality (2). Although the diagnosis and 
treatment of GI bleeding have advanced recently, mortality 
rate for patients with acute GI bleeding has not changed, 
ranging from 8% to 14%. It may increase up to 40% in 
severe cases (3, 4). Recently, gastroduodenoscopy has been 
considered as a primary diagnostic modality in patients 
with acute upper GI bleeding. Colonoscopy is becoming the 
most frequently used examination for patients with lower GI 
bleeding (5). During endoscopic examinations, however, the 
presence of blood clots as well as residual food materials 
or feces may hinder the visualization of the bleeding point 
(6). For patients with suspected lower GI bleeding, bowel 
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preparation that may delay the procedure for several hours 
is not always feasible in cases of massive bleeding (7). A 
recent study reported that endoscopy or subsequent workup 
failed to identify specific cause of bleeding in 14% of 
patients with upper GI bleeding and 20% of patients with 
lower GI bleeding (8). 

Some studies (9-12) have shown good diagnostic 
performance of multidetector computed tomography (CT) 
in patients with GI bleeding. According to the results from 
a recent meta-analysis (13), the overall sensitivity and 
specificity of CT angiography (CTA) for detecting acute GI 
bleeding were 85.2% and 92.1%, respectively, with wide 
variability, ranging from 33.3% to 100% for sensitivity 
and 0% to 100% for specificity. However, as a first-line 
diagnostic modality in patients with overt GI bleeding, the 
diagnostic performance of CTA has not been fully assessed 
either for definite or for possible bleeding focus. Therefore, 
the purpose of this study was to investigate the diagnostic 

performance of CTA as a first-line diagnostic modality in 
identifying definite or possible causes of bleeding and 
clinical features associated with positive test result of CTA 
in patients with overt GI bleeding.

MATERIALS AND METHODS

Patient Selection 
Our Institutional Review Board approved this study and 

waived the requirement of informed patient consent. Using 
the hospital’s medical record database, we retrospectively 
searched for adult patients (age > 18 years) who visited 
the emergency department of our hospital for overt GI 
bleeding and underwent CT from July to December 2010. 
Through this period, a total of 254 adult patients visited 
the emergency department of our hospital with overt 
GI bleeding. Among them, 143 patients were excluded 
from this study, including those who initially underwent 

Patients who had overt GI bleeding and visited ER (n = 254)

Excluded (n = 143):
1. Patients who initially underwent endoscopy (n = 73)

1) Due to suspected bleeding cause (n = 50)
Liver cirrhosis with variceal bleeding (n = 19)
Known peptic ulcer bleeding (n = 13)
Mallory-Weiss syndrome (n = 8)
Post-procedural bleeding (n = 7)
Ulcerative colitis (n = 3)

2) Without any specific reason (n = 13)
3) Due to renal dysfunction (n = 10)

2. Patients who underwent CT with non-CTA protocol (n = 38)
3. Patients who did not undergo diagnostic test (n = 21)

Hemorrhoids (n = 5)
Mallory-Weiss syndrome (n = 4)
Post-procedural bleeding (n = 4)
Others (n = 8)

4. Patients without acceptable standard of reference (n = 11)

Patients who underwent triple phase CT angiography as initial work-up (n = 111)

Positive results (n = 68)

True positive 
(n = 67)

False positive
(n = 1)

True negative
(n = 31)

False negative
(n = 12)

Negative results (n = 43)

Fig. 1. Flow diagram and outcome of 111 patients with overt gastrointestinal (GI) bleeding. CTA = CT angiography, ER = emergency room
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endoscopy (n = 73), underwent CT with non-triple phase 
CTA protocol (n = 38), did not undergo any diagnostic test 
(n = 21), or were lack of acceptable standard of reference (n 
= 11). Finally, 111 patients (mean age: 63.4 years; range: 
17–91 years) who underwent triple phase CTA as a first-
line examination after visiting the emergency department 
were included in this study. A flow diagram depicting the 
outcome of 111 patients included in our study is shown 
in Figure 1. Clinical and demographic characteristics of 
included and excluded patients are summarized in Table 1. 

CT Protocol
Triple-phase CTA was performed using a 64- (n = 49) or 

256- (n = 62) channel multidetector CT scanner (Brilliance 
64 or iCT 256; Philips Medical Systems, Cleveland, OH, USA). 
After obtaining non-enhanced images, intravenous contrast 
agent (2 mL/kg; iopromide, Ultravist 370; Bayer, Berlin, 
Germany) was administered via antecubital vein using a 
power injector (Stellant D, Medrad, Indianola, PA, USA) at a 
rate of 4 mL/sec.

Bolus-tracking software (Brilliance; Philips Medical 
Systems, Cleveland, OH, USA) was used to initiate arterial 
phase scanning 15 seconds after enhancing the abdominal 
aorta to a 200 Hounsfield units threshold. Portal venous 
phase scanning was obtained with a fixed scan delay of 60 
seconds after the beginning of contrast material injection. 
The scan range of all three phases was from the diaphragm 
to the symphysis pubis in a supine position. Helical scan 
data were acquired using 64 x 0.625 mm or 2 x 128 x 0.625 
mm collimation, a rotation speed of 0.5 seconds, a pitch 
of 0.891 or 0.993, and 120 kVp. Effective mAs ranged from 
125 to 460 mAs using an automatic tube current modulation 
technique (Dose-Right; Philips Medical Systems, Cleveland, 
OH, USA). Transverse and coronal section datasets for the 
three phases were reconstructed with a section of 4-mm 
thickness at 3-mm increments.

CT Findings and Clinical Characteristics Analysis
Two abdominal radiologists (with 13 and 2 years of 

experience in the field of abdominal radiology, respectively) 
retrospectively reviewed the CT images and reached a 
consensus. Both reviewers were aware that all patients 
had overt GI bleeding. However, they were blinded to any 
clinical information, including patients’ symptoms, follow-
up results, and the results of endoscopic or other diagnostic 
examinations. All images were reviewed in stack mode on a 
Picture Archiving and Communications System workstation 
(INFINITT Technology Co., Seoul, Korea).

The reviewers determined by consensus whether there 
was any definite or potential bleeding focus through the 
GI tract. A definite bleeding focus included lesions with 
active contrast material extravasation in the GI tract on 
arterial or portal venous phase images compared to non-
enhanced CT images or obvious vascular lesions such as 
pseudoaneurysms. A potential bleeding focus was defined 
as a lesion known to be associated with GI bleeding, such 
as ulceroinflammatory lesion or a mass in the GI tract other 
than a definite bleeding focus (10).

Table 1. Clinical Characteristics of Patients with Overt GI 
Bleeding

Clinical Feature
Patients 
Included

Patients 
Excluded

P

Age (yr) 0.104
≤ 60 43 70
≥ 61 68 73

Sex 0.103
Female 50 50
Male 61 93

Bleeding type < 0.001
Upper 31 113
Lower 80 30

Bleeding episode 0.083
Initial 95 110
Recurrent 16 33

Recent bleeding 0.882
Present 67 85
Absent 44 58

Massive bleeding 0.554
Present 30 34
Absent 81 109

Severe anemia 0.389
Present 46 67
Absent 65 76

DM 0.243
Present 19 33
Absent 92 110

HTN 0.799
Present 46 57
Absent 65 86

CVD 0.186
Present 16 13
Absent 95 130

Vascular disease 0.130 
Present 54 56
Absent 57 87

CVD = cerebrovascular disease, DM = diabetes mellitus, GI = 
gastrointestinal, HTN = hypertension
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An investigator who was not involved in CTA finding 
analysis reviewed the medical records to determine 
the clinical characteristics of all patients. Patients’ 
demographics and patterns of bleeding such as upper versus 
lower GI bleeding, initial or recurrent bleeding, recent or 
non-recent bleeding, and massive or non-massive bleeding 
were determined. Bleeding was considered to have an 
upper GI origin when a certain patient’s manifestation was 
hematemesis or melena. It was considered to be of a lower 
GI origin when it was hematochezia. Recent bleeding was 
defined as having episodes of GI bleeding within 24 hours 
before undergoing CTA in our hospital. Massive bleeding 
was defined as the presence of either of the following 
two criteria: the patients required transfusion of at least 
4 units of blood during a 24-hour period in the hospital, 
or they had hemodynamic instability such as hypotension 
with systolic blood pressure of less than 90 mm Hg (12). 
The presence of moderate-to-severe anemia and the 
presence of comorbidities including diabetes, hypertension, 
cerebrovascular disease (CVD), and underlying vascular 
disease such as atherosclerotic change and vasculitis were 
also determined. Moderate-to-severe anemia was defined as 
a hemoglobin level less than 10 mg/dL at the initial blood 
test before transfusion. 

Reference Standard
Other diagnostic studies following CTA were performed 

within 24 hours in 93 patients (83.8%). The remaining 
18 patients were clinically followed up for a median of 
34 months (range, 6 to 51 months). The median follow-
up period for the 111 patients was 18 months (range, 0 
to 51 months). One investigator who was not involved 
in CT image interpretation or medical record review 
reviewed all available subsequent studies. Of the 93 

patients who underwent following procedures within 24 
hours, 3 underwent surgeries, 27 underwent conventional 
angiography alone, 9 underwent conventional angiography 
and gastroduodenoscopy, and the remaining 54 underwent 
endoscopic examinations, including colonoscopy (n = 
29) and gastroduodenoscopy (n = 25). After 24 hours, 
small-bowel follow-through (n = 12), 99mTc-labeled red 
blood cell scanning (n = 12), colonoscopy (n = 11), and 
gastroduodenoscopy (n = 16) were performed for the 
remaining 18 patients. Clinical data from the 111 patients 
were also reviewed by the investigator. In this way, a 
reference standard was built and the diagnostic performance 
of CTA was assessed using criteria (Table 2) modified from 
those used in previous studies (10, 14). 

Statistical Analysis
We evaluated the sensitivity, specificity, positive 

predictive value (PPV), and negative predictive value 
(NPV) of CTA for identifying a definite or potential cause 
of bleeding. We also analyzed any association of patients’ 
demographics or various clinical features with CTA to 
determine the cause of positive bleeding using univariable 
and multivariable logistic regression analyses. For these 
analyses, patients’ demographics and clinical features 
including age, sex, pattern of bleeding (upper or lower, 
initial or recurrent, and massive or non-massive bleeding), 
the presence of moderate-to-severe anemia, and the 
presence of comorbidities such as diabetes, hypertension, 
CVD, or underlying vascular disease were used. All variables 
with a p value less than 0.25 in univariable analysis were 
included in the subsequent multivariable analysis. IBM SPSS 
Statistics version 20 (IBM, Armonk, NY, USA) was used to 
perform all statistical analyses. Statistical significance was 
considered when p value was less than 0.05.

Table 2. Criteria Used to Determine Diagnostic Performance of CTA

Category Criteria
True positive Confirmation of CTA diagnosis at further work-up

True negative

Verification of negative CTA results by means of negative endoscopic examination, angiography, small-bowel follow-
  through, or 99mTc-labeled red blood cell scanning results and bleeding resolving without treatment OR by means
  of spontaneous cessation and no recurrence of bleeding with no further treatment during follow-up period of 
  at least 6 months

False positive
Positive CTA results with negative results or different source of bleeding found at endoscopic examination, 
  angiography, small-bowel follow-through, or 99mTc-labeled red blood cell

False negative
Negative CTA results with cause of bleeding diagnosed after further work-up OR negative CTA results with 
  persistent or recurrent bleeding

Unverified Any other case

CTA = CT angiography, OR = odds ratio
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RESULTS

CT Angiography Results
Of the 111 patients, 23 (20.7%) with overt GI bleeding 

had definite bleeding foci on CTA. The anatomical locations 
of the bleeding foci included stomach (n = 9), colon (n = 5) 
(Fig. 2), esophagus (n = 3), rectum (n = 2), duodenum (n 
= 2), and jejunum or ileum (n = 2). All 23 patients showed 
definite bleeding foci in reference standard examinations, 
including gastroscopy (n = 7), colonoscopy (n = 2), 
angiography (n = 10), 99mTc-labeled red blood cell scan 

(n = 2), and surgery (n = 2). CTA failed to demonstrate a 
definite bleeding focus in one patient who had confirmed 
hemorrhagic gastritis with active bleeding on gastroscopy. 

CT angiography could also identify potential causes of 
bleeding in 45 patients (40.5%). Among them, 44 patients 
were confirmed to have potential bleeding causes, including 
ulceroinflammatory lesions (n = 29) (Fig. 3), tumors (n 
= 11), and diverticulosis (n = 4) in reference standard 
examinations. In one patient who was diagnosed with 
colitis on CTA, the following colonoscopy was negative. 
This patient did not have persistent or recurrent bleeding 

Table 3. Clinical Characteristics Associated with Positive CTA Results

Clinical Feature Patients
CTA Results* Univariable Multivariable

Positive Negative OR P Adj. OR P
Age (yr) 0.545 0.246 0.762 0.53

≤ 60 43 25 (58.1) 18 (41.9)
≥ 61 68 43 (63.2) 25 (36.8)

Sex 0.965 0.942 NA NA
Female 50 30 (60.0) 20 (40.0)
Male 61 38 (62.3) 23 (37.7)

Bleeding type 2.546 0.143 1.975 0.194
Upper 31 19 (61.3) 12 (38.7)
Lower 80 49 (61.3) 31 (38.8)

Bleeding episode 0.537 0.362 NA NA
Initial 95 56 (58.9) 39 (41.1)
Recurrent 16 12 (75.0) 4 (25.0)

Recent bleeding 1.357 0.542 NA NA
Present 67 42 (62.7) 25 (37.3)
Absent 44 26 (59.1) 18 (40.9)

Massive bleeding 9.097 0.007 11.506 < 0.001†

Present 30 27 (90.0) 3 (10.0)
Absent 81 41 (50.6) 40 (49.4)

Severe anemia 1.816 0.284 NA NA
Present 46 36 (78.3) 10 (21.7)
Absent 65 32 (49.2) 33 (50.8)

Diabetes 1.364 0.684 NA NA
Present 19 13 (68.4) 6 (31.6)
Absent 92 55 (59.8) 37 (40.2)

Hypertension 0.322 0.293 NA NA
Present 46 26 (56.5) 20 (43.5)
Absent 65 42 (64.6) 23 (35.4)

CVD 0.476 0.3 NA NA
Present 16 8 (50.0) 8 (50.0)
Absent 95 60 (63.2) 35 (36.8)

Vascular disease 0.611 0.675 NA NA
Present 54 32 (59.3) 22 (40.7)
Absent 57 36 (63.2) 21 (36.8)

*Data are numbers of patients, with percentages in parentheses, †Statistically significant variables. Adj. OR = adjusted odds ratio, CTA 
= CT angiography, CVD = cerebrovascular disease, NA = not available (values are not presented for factors that were not included in 
multivariate analyses)
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during the follow-up period of 11 months. In 12 patients, 
CTA results were regarded as false negative findings because 
a subsequent work-up demonstrated bleeding causes (n 
= 11). One patient experienced persistent bleeding after 
negative CTA results. In the former 11 patients, CTA could 
not demonstrate ulceroinflammatory lesions (n = 8), tumors (n 
= 1), or diverticulosis (n = 2). Therefore, to identify either a 
definite or potential cause of bleeding, the diagnostic yield of 
CTA was 61.3% (68 of 111). The overall sensitivity of CTA was 
84.8% (67 of 79). Its specificity was 96.9% (31 of 32). The 
PPV was 98.5% (67 of 68). The NPV was 72.1% (31 of 43).

Clinical Characteristics Associated with Positive CT 
Yields

Univariable and multivariable logistic regression 
analyses revealed that positive CTA result was significantly 
associated with the presence of massive bleeding (p < 0.001, 
odds ratio = 11.506) (Table 3). Other clinical characteristics 

such as bleeding type, whether bleeding was recurrent or 
not, and the presence of comorbidities including diabetes, 
hypertension, and CVD were not significantly associated 
with positive CTA results.

DISCUSSION

Overt GI bleeding can make patients hemodynamically 
unstable. It requires rapid assessment. Appropriate 
management is a significant challenge for clinicians. 
Although several modalities have been suggested as the 
first-line examination for overt GI bleeding, each one 
has intrinsic limitations (15). Many might be related 
to the widely-varied causes and the nature of bleeding 
(16). Endoscopy still plays a primary role in the initial 
investigation of GI bleeding. However, it may be impractical 
in emergency departments due to its limited availability (6). 
Although optical colonoscopy has been generally accepted 

Fig. 2. 79-year-old male patient with hematochezia and severe anemia. 
A, B. Axial arterial phase (A) and coronal portal venous phase (B) CT angiography showing definite bleeding focus in hepatic flexure colon. Note 
active extravasation of contrast material into bowel lumen (arrows). C. Conventional angiography at superior mesenteric artery confirming active 
bleeding focus in corresponding branch artery (arrow).

A B C

Fig. 3. 85-year-old male patient with massive hematochezia. 
A, B. Axial arterial phase (A) and coronal portal venous phase (B) CT angiography showing potential bleeding focus at rectum. Note edematous 
wall thickening of segmental rectal wall (arrow). Subsequent colonoscopy revealed hyperemia on mucosal layer of rectum which was considered 
potential bleeding focus.

A B
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as the first-line diagnostic tool for patients with properly 
prepared colon, it has limited sensitivity (68%) in patients 
with an unprepared colon or with active bleeding (1, 17). 
Upper GI endoscopy is only able to evaluate as far down as 
60 cm past the ligament of Treitz. Capsule endoscopy is not 
only time-consuming, but also inaccurate in localizing a 
bleeding focus due to its poor resolution (18). Labeled red 
blood cell scintigraphy can identify an intermittent bleeding 
focus. However, it has limited sensitivity (less than 50%) 
and poor resolution (19). Conventional angiography 
can identify active bleeding. It can be used to perform 
interventional procedures such as embolization. However, 
it is an invasive and time-consuming procedure, with mean 
detection rate of about 50%, which is not satisfactory (12, 
18). On the contrary, CTA is a widely available non-invasive 
technique that can detect active bleeding at a rate of 0.3 mL/
min (9, 15).

In our study, the diagnostic performance of CTA is quite 
promising. Its sensitivity and PPVs in detecting bleeding 
focus were 84.8% and 98.5%, respectively. The result is in 
consistent with the pooled sensitivity of 85.2% in previous 
meta-analysis (13). Although multiple factors can influence 
the ability to visualize a definite or potential bleeding 
focus in CTA, the severity and nature of a bleeding lesion, 
such as the bleeding rate or intermittence, are known to 
be important factors in determining CTA accuracy (13). 
Thus, the high diagnostic performance of CTA in our study 
might be related to our study sample. In one patient with 
active bleeding on gastroscopy, CTA failed to visualize the 
active bleeding focus in our study. This may be due to the 
intermittent nature of GI bleeding or other intrinsic factors 
such as hemodynamic status (11). Although CTA could 
demonstrate bleeding focus not detected on endoscopy or 
angiography (20), we should also keep in mind the possible 

intrinsic limitations of CTA as a detection tool for active 
bleeding focus.

We could not identify potential bleeding foci in 11 
patients, although their bleeding foci were identified in 
subsequent studies. Most commonly neglected potential 
bleeding foci on CTA were ulceroinflammatory lesions 
(72.7%, 8 of 11), including gastritis (n = 3), duodenal 
ulcers (n = 2), or colitis (n = 3). In addition, sigmoid 
colon cancer (n = 1) and diverticulosis (n = 2) were not 
identified on CTA. One patient suffered from persistent 
bleeding after negative CTA and further work-up results. 
Therefore, our results indicate that negative CTA results do 
not necessarily exclude the presence of a potential bleeding 
focus in patients with overt GI bleeding. The need for 
additional diagnostic modalities such as endoscopy should 
be considered when CTA results are negative.

Our study indicated that clinical features might be used 
to select patients for whom CTA could not effectively detect 
the source of bleeding. Moderate-to-severe anemia was 
significantly associated with the presence of a definite 
bleeding focus on CTA in our study. Seventeen (73.9%) of 
23 patients with a definite bleeding focus identified on 
CTA had moderate-to-severe anemia. Considering that these 
levels of anemia in patients with GI bleeding are associated 
with poor outcomes, including death and acute medical 
conditions prolonging their hospital stay (21), CTA might 
play an important role in such patients. For a definite or 
potential bleeding focus, the presence of massive bleeding 
was significantly associated (Fig. 4). Twenty-seven (39.7%) 
of 68 patients with a definite or potential bleeding focus 
identified on CTA had a history of massive bleeding. This 
finding is correlated with previously reported result of 
the usefulness of CT enterography in detecting obscure GI 
bleeding (10). Although the administration of neutral or 

Fig. 4. 70-year-old female patient with massive hematochezia.
A, B. Axial arterial phase (A) and portal venous phase (B) CT angiography showing definite bleeding focus in rectum. Note active extravasation 
of contrast material into bowel lumen (arrows). C. Subsequent colonoscopy revealing Dieulafoy lesion in rectum with active bleeding.

A B C
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negative oral contrast material may improve the diagnostic 
performance of CT in detecting bleeding focus (22), our CTA 
protocol did not include it because in an emergency setting, 
it may potentially cause delay in patient care. In addition, 
it may not be tolerated in patients with acute symptoms.

Our study has several limitations. First, the total 
number of patients included in the study was relatively 
small. In addition, the study was conducted in a single 
center. Its retrospective study design limited us to 
investigate a true control group as well. Second, among 
254 adult patients with overt GI bleeding who visited the 
emergency department of our hospital, only 111 patients 
who underwent triple phase CTA as a first-line diagnostic 
modality were included in this study. This could result in 
selection bias which might have inflated the diagnostic 
accuracy of CTA. In fact, while other characteristics were 
not significantly different between included patients and 
excluded patients, significantly more patients with upper 
GI bleeding in the excluded group were found compared 
to the number in the included group (Table 1). This may 
be because endoscopic examination is generally regarded 
as a first-line diagnostic modality for patients with upper 
GI bleeding. The first-line diagnostic modality for lower 
GI bleeding is still controversial (4, 5). Although this 
difference of bleeding location could result in selection 
bias, we believe that this situation can reflect the real 
clinical situation (23). As CTA was performed in patients 
without known bleeding focus, our results could reflect the 
performance of CTA as a first-line diagnostic modality to 
detect GI bleeding foci. Third, the reference standard was 
not uniformly obtained with all included patients. Because 
clinicians will choose which diagnostic modalities to be 
performed after CTA by considering a variety of clinical 
settings, we cannot obtain uniformity in future studies 
or clinical follow-up. Since we performed subsequent 
diagnostic studies after CTA in included patients, 
verification bias might have been introduced. In addition, 
the standards of reference used in our study might not be 
sufficient enough to evaluate bleeding foci in the small 
bowel. These limitations might result in an inflation of the 
diagnostic performance of CTA. 

In conclusion, CTA as a first-line diagnostic modality 
in patients presenting with overt GI bleeding showed a 
fairly high accuracy. It could identify definite or potential 
bleeding focus with a moderate diagnostic yield and a high 
PPV. CTA is particularly useful for patients with massive 
bleeding.
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