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Abstract
AIM: To investigate the value of computed tomogra-
phy (CT) spectral imaging in the evaluation of intesti-
nal hemorrhage.

METHODS: Seven blood flow rates were simulated in 
vitro . Energy spectral CT and mixed-energy CT scans 

were performed for each rate (0.5, 0.4, 0.3, 0.2, 0.1, 
0.05 and 0.025 mL/min). The detection rates and the 
contrast-to-noise ratios (CNRs) of the contrast agent 
extravasation regions were compared between the two 
scanning methods in the arterial phase (AP) and the 
portal venous phase (PVP). Comparisons of the CNR 
values between the PVP and the AP were made for 
each energy level and carried out using a completely 
random t  test. A χ 2 test was used to compare the de-
tection rates obtained from the two scanning methods.

RESULTS: The total detection rates for energy spectral 
CT and mixed-energy CT in the AP were 88.57% (31/35) 
and 65.71% (23/35), respectively, and the difference 
was significant (χ 2 = 5.185, P  = 0.023); the total detec-
tion rates in the PVP were 100.00% (35/35) and 91.4% 
(32/35), respectively, and the difference was not signifi-
cant (χ 2 = 1.393, P  = 0.238). In the AP, the CNR of the 
contrast agent extravasation regions was 3.58 ± 2.09 
on the mixed-energy CT images, but the CNRs were 8.78 
± 7.21 and 8.83 ± 6.75 at 50 and 60 keV, respectively, 
on the single-energy CT images, which were signifi-
cantly different (3.58 ± 2.09 vs  8.78 ± 7.21, P  = 0.031; 
3.58 ± 2.09 vs  8.83 ± 6.75, P  = 0.029). In the PVP, the 
differences between the CNRs at 40, 50 and 60 keV dif-
ferent monochromatic energy levels and the polychro-
matic energy images were significant (19.35 ± 10.89 vs  
11.68 ± 6.38, P = 0.010; 20.82 ± 11.26 vs 11.68 ± 6.38, 
P  = 0.001; 20.63 ± 10.07 vs  11.68 ± 6.38, P  = 0.001). 
The CNRs at the different energy levels in the AP and 
the PVP were significantly different (t  = -2.415, -2.380, 
-2.575, -2.762, -2.945, -3.157, -3.996 and -3.189).

CONCLUSION: Monochromatic energy imaging spec-
tral CT is superior to polychromatic energy images for 
the detection of intestinal hemorrhage, and the detec-
tion was easier in the PVP compared with the AP.
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Core tip: Recent technical advances,including mono-
chromatic energy image spectral computed tomography 
(CT) with its accurate material-decomposition images 
and monochromatic spectral images at energy levels, 
are only rarely included in intestinal hemorrhage stud-
ies. This paper aimed to verify the diagnostic value of 
spectral CT in small bowel bleeding.
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INTRODUCTION
Gastrointestinal (GI) bleeding, especially lower GI bleed-
ing, is a critical and sometimes life-threatening condition. 
Rapid and accurate localization of  the bleeding sites and 
early etiological determination are the focus of  clinical 
investigations, but these factors also represent major 
clinical challenges. Endoscopy enables the accurate local-
ization and diagnosis in most cases of  upper GI bleed-
ing but not in lower GI bleeding[1]. Digital subtraction 
angiography (DSA) has been shown to be effective in 
the clinical diagnosis of  GI bleeding. However, detection 
and diagnosis often fail in cases of  bleeding rates below 
0.5 mL/min[2,3]. Radioisotope scanning can detect a rate 
below 0.1 mL/min, but accurate localization is diffi-
cult[4]. Multidetector row computed tomography (MDCT) 
technology has recently shown increasingly prominent 
advantages in the diagnosis of  small bowel bleeding[5]. 
Recent technical advances include energy spectral CT 
with its advantages of  enabling monochromatic energy 
imaging, reduced tissue attenuation, high resolution, and 
the detection of  small changes in tissue density[6,7]. Com-
pared with conventional MDCT, energy spectral CT is 
particularly sensitive regarding the detection of  active 
bleeding in the GI tract. However, the diagnostic value 
of  energy spectral CT in small bowel bleeding has not 
been previously established. Therefore, this paper aimed 
to verify the diagnostic value of  spectral CT in small 
bowel bleeding.

MATERIALS AND METHODS
Bleeding model
Microsyringe: A WZ-50C6 microsyringe produced by 
Zhejiang University Medical Instrument Co., Ltd. (Hefei 
Province, China) was used, and the amount injected and 
the injection rates were calibrated on a regular basis. A 
2.5% solution of  mannitol (CT value 30-40 HU) was 
injected into the small bowels of  pigs in vitro, and the 

tissues were immersed in a container of  plant oil (30 cm 
× 15 cm × 10 cm X-ray permeable plastic container). 
The contrast agent was loaded into the microsyringe (in 
a proportion of  300 mgI/mL Omnipaque to physiologi-
cal saline at 1:45, CT value 280-300 HU). Seven bleeding 
rates were simulated: 0. 5, 0.4, 0.3, 0.2, 0.1, 0.05 and 0.025 
mL/min.

A 24G indwelling needle connected to one end of  the 
microsyringe was used to penetrate the intestinal wall, and 
the needle was fixed in place. The contrast agent was in-
jected at the seven rates mentioned above.

CT scanning
Single-energy spectral CT (GE Discovery HD750 CT 
scanner) and poly-chromatic energy CT (GE Light 
Speed 64 VCT) were employed. For each bleeding rate, 
the scans were repeated five times. Following each scan, 
the liquid in the intestinal canal was replaced. The gem-
stone spectral imaging (GSI) platform was used for im-
age reconstruction in the standard reconstruction mode. 
The CT images obtained using the seven monochro-
matic energy images (40-100 keV with a 10 keV interval) 
and the polychromatic energy images (120 kVp) were 
analyzed. The delays used were 15 and 40 s.

The following scanning parameters in the conven-
tional mode (polychromatic energy CT) were used: 120 
kV, 300 mA, pitch 0.984, collimation 40 mm, gantry 
rotation time 0.8 s, slice thickness 5 mm, and eight slices 
scanned. The following scanning parameters in the GSI 
mode (helical 0.5 s, 40 mm) were used: 80/140 kV, 0.5 
ms instant switching, pitch 0.984, gantry rotation time 0.8 
s, slice thickness 5 mm, and eight slices scanned.

Data acquisition
The contrast-to-noise ratios (CNRs) were determined 
(i.e., the CNRs of  the iodine-containing region and the 
surrounding water-containing region in the intestinal ca-
nal). The layers that exhibited clear extravasation of  the 
contrast agent were selected on the polychromatic ener-
gy images and the seven monochromatic energy images. 
Regions of  interest with identical size and morphology 
were selected. According to the equation, CNR = (|CT1 
- 2|)/SD; thus, the CNRs for the extravasation regions 
under the different bleeding rates were calculated. CT1 is 
the CT value of  the region of  contrast agent extravasa-
tion, CT2 is the CT value of  the liquid in the intestinal 
canal of  the same layer, and SD is the standard deviation 
of  the CT attenuation value of  the water environment in 
the intestinal canal of  the same layer.

Image quality scoring: Based on the length of  the 
contrast agent column and the CT value, the image qual-
ity was classified into five levels: 5 points, clearly dis-
played contrast agent column (length ≥ 2 cm or CT val-
ue ≥ 150 HU); 4 points, visible contrast agent column 
(length 1-2 cm or CT value 100-150 HU); 3 points, ob-
scure contrast agent column (length ≤ 1 cm or CT value 
≤ 100 HU); 2 points, no visible contrast agent column; 
and 1 point, no contrast agent imaging. Two radiologists 
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Table 1  Comparison of detection rates for the region of contrast agent exudation between spectral computed tomography and mul-
tidetector row computed tomography in different phases

who were blinded to the experimental parameters inde-
pendently evaluated the image quality. A discussion was 
required to reach a consensus when their opinions were 
inconsistent.

Statistical analysis
SPSS 17.0 (SPSS, Inc., Chicago, United States) was used. 
The quantitative data are expressed as the mean ± SD. 
A randomized block analysis of  the variance was per-
formed on the CNRs of  the images obtained under the 
seven energy levels and their quality scores. Each pair of  
energy levels was compared using the Bonferroni meth-
od. The CNRs and the image quality scores between the 
portal venous phase (PVP) and the arterial phase (AP) 
were compared for each energy level using a completely 
random t test. The detection rates for the energy spectral 
CT and the 64-slice CT were compared using the χ 2 test, 
and P < 0.05 indicated significance.

RESULTS
There were differences in the detection rates for the re-
gions of  contrast agent extravasation using the two scan-
ning methods in different phases.

AP
Of  the 35 spectral CT scans, the extravasation region 
was detected in 31 scans. Using 64-slice CT scanning, the 
extravasation region was detected in 23 scans. The detec-
tion rates of  the spectral and 64-slice CT scanning were 
88.57% (31/35) and 65.71% (23/35), respectively, and the 
difference was significant (χ 2 = 5.185, P = 0.023).

PVP
The detection rates of  the spectral and 64-slice CT scan-
ning were 100.00% (35/35) and 91.43% (32/35), respec-
tively, and the difference was not significant (χ 2 = 1.393, 
P = 0.238). The detection rates in the PVP and AP were 
significantly different when 64-slice CT scanning was 
used (χ 2 = 6.873, P = 0.009), whereas the difference was 
not significant when spectral CT scanning was used (χ 2 
corrected = 2.386, P = 0.122) (Table 1). When the bleed-
ing rate decreased to 0.025 mL/min, the detection rate 
in the AP with 64-slice CT scanning was zero, and it was 
60% (3/5) in the PVP; the detection rate with spectral CT 
scanning was 60% (3/5)in the AP and 100% (5/5) in the 

PVP. When the bleeding rate was high, both 64-slice and 
spectral CT scanning facilitated the easy detection of  the 
regions of  extravasation. The optimal monochromatic en-
ergy images obtained using spectral CT scanning exhibited 
clearer extravasation regions.When the bleeding rate was 
0.5 mL/min, the 60 keV images were superior compared 
with the 100 keV images and the polychromatic energy 
images (Figure 1). When the bleeding rate decreased to 
0.05 and 0.025 mL/min, 64-slice CT scanning did not fa-
cilitate the detection of  the extravasation region in the AP. 
However, the extravasation region was clearly visualized in 
the PVP. When spectral CT scanning at 50 keV was used, 
the extravasation region was clearly visualized in both the 
PVP and the AP (Figure 1E).

There were differences in the CNRs for the two scan-
ning methods at each energy level in the PVP and the AP.

The CNRs of  the extravasation region obtained with 
spectral CT scanning at 50 and 60 keV in the AP were 
8.78 ± 7.21 and 8.83 ± 6.75, respectively; compared with 
the CNRs obtained with polychromatic energy CT scan-
ning (3.58 ± 2.09), the difference was significant (P < 
0.05). In the PVP, the CNRs for monochromatic energy 
images at 40, 50 and 60 keV were 19.35 ± 10.89, 20.82 ± 
11.26 and 20.63 ± 10.07, respectively. These values were 
significantly different compared with polychromatic en-
ergy CT scanning (11.68 ± 6.38, P < 0.05). The CNRs 
for a given energy level in the AP and PVP were signifi-
cantly different (t = -2.415, -2.380, -2.575, -2.762, -2.945, 
-3.157, -3.996 and -3.189) (P < 0.05) (Table 2).

There were differences in the image quality score at 
each energy level in the PVP and the AP using the two 
scanning methods.

The differences in the PVP between 40, 50 and 60 
keV were not significant. However, the image quality at 
each of  these three energy levels was significantly differ-
ent compared with the polychromatic energy images (P 
< 0.05). The differences in the AP between 40, 50 and 
60 keV were not significant, but the differences among 
the other energy levels were all significant (P < 0.05). The 
quality scores of  the monochromatic energy images at 
40, 50 and 60 keV were slightly higher compared with the 
polychromatic energy images in both phases (Table 3).

DISCUSSION
MDCT has been shown to be effective for the visualiza-
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Grouping Detection result Total Detection rate χ 2 P  value

Detected Not detected
64-slice CT in the AP 23 12 35   65.71% 5.185 0.023
spectral CT in the AP 31   4 35   88.57%
64-layer CT in the PVP 32   3 35   91.43%  1.3931 0.238
spectral CT in PVP 35   0 35 100.00%

1Represent χ 2 correction. 64-layer computed tomography (CT) in arterial phase (AP) and portal venous phase (PVP), χ 2 = 6.873, P = 0.009; spectral CT in AP 
and PVP, χ 2 corrected = 2.386, P = 0.122.
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Table 2  Comparison of contrast to noise ratios values of the 
exudation regions at each energy level and blood flow rate 
between portal venous phase and arterial phase

tion of  small hemorrhages in the GI tract because of  the 
sub-millimeter scanning ability and the powerful image 
post-processing[8-11]. When the bleeding rate is greater 
than 0.5 mL/min, the detection rate using MDCT can 
reach 93%[12]. Monochromatic energy imaging combined 
with the use of  iodine-based contrast materials leads to 
an increased ability of  single-energy spectral CT to de-
tect small hemorrhages in the GI tract compared with 
conventional MDCT[13,14]. In this study, a GE HD750 
CT scanner was used for gemstone spectral imaging to 
confirm its diagnostic value in cases of  active bleeding in 
the GI tract. The results provide the basis for the clini-
cal selection of  a more simple and effective tool for the 
localization of  small intestine bleeding sites.

The comparison of  the monochromatic and poly-
chromatic energy images demonstrated that when the 
bleeding rate was high, both spectral CT and MDCT 
scanning facilitates the easy detection of  the regions of  
contrast agent extravasation. However, when the bleeding 
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Figure 1  Computed tomography scan. A: Image of 64-slice computed tomography (CT) scan at 0.5 mL/min in the arterial phase (arrow) (AP); B, C: Monochromatic 
energy images at 60 and 100 keV in the AP at 0.5 mL/min, which are clearer than the polychromatic energy images (arrow) (A); D: Monochromatic energy image at 60 
keV in the portal venous phase (arrow) (PVP) at 0.5 mL/min, which is more clear than that in the AP (B); E, F: Images at 64-slice CT scan in the AP and (arrow) PVP 
at 0.05 mL/min. No region of exudation could be observed in the AP, but it was observed vaguely in the PVP; G, H: Images at 50 keV monochromatic energy in the AP 
and PVP (arrow) at 0.05 mL/min, which are much clearer than those obtained by 64-slice CT scan (E, F); I, J: Images at 64-slice CT scan in the AP and PVP at 0.025 
mL/min,on which no exudation region could be detected; K, L: Monochromatic energy images at 50 keV in the AP and PVP (arrow) at 0.025 mL/min, on which the 
exudation regions can be clearly seen.

PVP AP t P  value

40 keV   19.35 ± 10.89 7.69 ± 6.68  -2.4151 0.036
50 keV   20.82 ± 11.26 8.78 ± 7.21 -2.380 0.035
60 keV   20.63 ± 10.07 8.83 ± 6.75 -2.575 0.024
70 keV 15.65 ± 8.17 5.93 ± 4.46 -2.762 0.017
80 keV 10.46 ± 5.83 3.44 ± 2.41 -2.945 0.012
90 keV   7.33 ± 3.92 2.31 ± 1.52 -3.157 0.008
100 keV   5.83 ± 2.70 1.49 ± 1.01 -3.996 0.004
Mixed-energy image 11.68 ± 6.38 3.58 ± 2.09 -3.189 0.015
F 18.298 7.823
P value   0.000 0.000

1Using Satterthwaite’s approximate t test. No significant difference be-
tween 40, 50, 60 and 70 keV in the portal venous phase (PVP), but the 
difference was significant when compared with the polychromatic energy 
imaging (P < 0.05). No significant difference between 40, 50 and 60 keV in 
the arterial phase (AP), but the difference was significant when compared 
with the polychromatic energy imaging (P < 0.05).
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Table 3  Comparison of image quality scores at each energy 
level and blood flow rate between portal venous phase and 
arterial phase

rate decreased, the difficulty of  detecting the extravasa-
tion regions increased accordingly. The use of  mono-
chromatic energy imaging facilitated the observation of  
the regions of  contrast agent extravasation, thereby sig-
nificantly increasing the detection rates. When the bleed-
ing rate decreased below a specific level, the extravasation 
region may not have been detected in the AP, but it was 
always successfully detected in the PVP. Dobritz et al[1] 
also reported that when the bleeding rate was low, the 
region of  extravasation was not detected in some cases 
in the AP. Because of  the increased concentration of  the 
contrast agent in the PVP, the detection rate was substan-
tially higher.

The detection rates in the PVP and the AP using 
64-slice CT scanning were significantly different, and the 
detection rate was higher in the PVP. However, no dif-
ference was detected with the use of  spectral CT scan-
ning, although this finding might be related to the limited 
sample size. Yamaguchi et al[15] demonstrated that the 
detection rate obtained with MDCT during active bleed-
ing of  the GI tract could reach 80%, and the sensitivity 
and specificity of  CT angiography were 89% and 85%, 
respectively[15,16]. The detection rate with DSA averaged 
47% (range: 27%-77%), as reported in the literature. The 
sensitivity, specificity and accuracy of  DSA in the detec-
tion of  small bowel bleeding were 91.7%, 100% and 92%, 
respectively[17-19]. The detection rates using spectral CT 
scanning in this study were 88.57% (31/35) and 100% 
(35/35) in the AP and the PVP, respectively. These values 
were substantially higher compared with previous reports, 
which suggest that spectral CT is superior for the detec-
tion of  active bleeding in the small intestines. It may be 
employed as the primary choice in clinical practice to pro-
ducea higher detection rate.

 The optimal monochromatic energy value for the 
detection of  the extravasation region on monochromatic 
energy images: Compared with the MDCT images, the 
monochromatic energy images had a higher image qual-

ity and higher signal-to-noise ratios and CNRs. Single-
energy spectral CT integrates single-energy imaging and 
iodine-based material decomposition, which provides a 
new prospect for the development of  CT technology[20-23]. 
Our experiments indicated that the extravasation regions 
detected on monochromatic energy images varied with 
the specific energy level in both the AP and the PVP. The 
image qualities at 50 and 60 keV were substantially better 
compared with the polychromatic energy images. The 
average CNRs at 50 and 60 keV in the PVP were 1.78 
and 1.76 times higher compared with the polychromatic 
energy images and 2.45 and 2.47 times higher compared 
with the AP, respectively. The extravasation regions were 
visualized more clearly on the monochromatic energy 
images at 50 and 60 keV compared with the other en-
ergy levels or on the polychromatic energy images. The 
CNRs in the PVP were generally higher compared with 
the AP. It is clear that 50-60 keV is the optimal energy 
level. It was demonstrated experimentally that the mono-
chromatic energy images also had a higher quality score 
compared with the polychromatic energy images at 40, 
50 and 60 keV. The optimal energy level provides an im-
age that achieves a balance between tissue contrast and 
noise level and enables clear visualization of  the lesions. 
Because MDCT is based on polychromatic energy imag-
ing, the CT value of  the material is likely to shift, thereby 
affecting the image quality[24,25].

 Limitations of  the present research: (1) the ideal 
filled state was simulated in the intestinal canal using the 
established model. However, under clinical conditions, 
the intestinal canals of  some patients may be empty, 
which affects the detection of  active bleeding. Thus, our 
experiments tended to overestimate the ability of  CT to 
evaluate active bleeding; and (2) the small sample size 
also affected the precision of  the results. Furthermore, 
these findings must be confirmed in in vivo studies.

Monochromatic energy imaging in spectral CT was 
superior compared with polychromatic energy imaging 
for the detection of  the region of  contrast agent ex-
travasation. The optimal energy level was 50-60 keV. For 
patients with suspected small bowel bleeding, spectral 
CT at the recommended energy level of  50-60 keV is the 
first-line choice for diagnosis.

COMMENTS
Background
Rapid and accurate localization of the bleeding sites and early etiological 
determination are the focus of investigation, but also the major challenges. In 
comparison with conventional multidetector row computed tomography (MDCT), 
energy spectral CT is particularly sensitive to detect active bleeding in the gas-
trointestinal (GI). However, the diagnostic value of energy spectral CT in small 
bowel bleeding has not been established. Therefore, this paper aimed to verify 
the diagnostic value of spectral CT in small bowel bleeding.
Research frontiers
GI bleeding, especially lower GI, is a critical and sometimes life-threatening 
condition. In the area of detecting hemorrhages in the GI, the hotspot is how to 
find the bleeding sites rapidly and accurately.
Innovations and breakthroughs
MDCT has been proved to be effective in visualizing tiny hemorrhages in the 
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PVP AP t P  value

40 keV 4.63 ± 0.58 3.46 ± 1.43  1.9991 0.081
50 keV 4.46 ± 0.65 3.06 ± 1.20 2.724 0.018
60 keV 4.20 ± 0.77 2.97 ± 1.26 2.195 0.049
70 keV 3.54 ± 0.91 2.23 ± 0.92 2.692 0.020
80 keV 3.00 ± 0.83 1.97 ± 0.87 2.263 0.043
90 keV 2.46 ± 0.55 1.49 ± 0.49 3.494 0.004
100 keV 2.26 ± 0.54 1.09 ± 0.11  5.6501 0.001
Mixed-energy imaging 3.60 ± 1.13 2.46 ± 1.06 1.953 0.074
F 52.549 19.875
P value   0.000   0.000

1Using Satterthwaite's approximate t test. There was no significant differ-
ence between 40, 50 and 60 keV in the portal venous phase (PVP), but the 
difference was significant when compared with the polychromatic energy 
imaging (P < 0.05). There was no significant difference between 40, 50 and 
60 keV in the arterial phase (AP), but the difference was significant among 
other energy levels (P < 0.05).
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GI, owing to the sub-millimeter scanning ability and the powerful image post- 
processing. When the bleeding rate is over 0.5 mL/min, the detection rate by 
MDCT can reach 93%. The mono-chromatic energy imaging combined with the 
use of iodine-based materials gives single-energy spectral CT a greater ability 
to detect tiny hemorrhages in the GI than conventional MDCT. In this study, a 
GE HD750 CT scanner was used for gemstone spectral imaging to confirm its 
diagnostic value for cases of active bleeding in the GI. Monochromatic energy 
image spectral CT can detect the less than 0.05 mL/min of bleeding rate, but 
the digital subtraction angiography could not find it.
Applications
Monochromatic energy imaging in spectral CT showed superiority over poly-
chromatic energy imaging in detecting GI bleeding. It plays a important role in 
visualizing tiny hemorrhages in the GI.
Terminology
MDCT technology has shown increasingly prominent advantages recently in the 
diagnosis of small bowel bleeding, including energy spectral CT with its advan-
tages of enabling monochromatic energy imaging, reduced tissue attenuation, 
high resolution, and the detection of tiny changes in tissue density.
Peer review
This is a good descriptive study in which the authors investigated the value 
of computed tomography spectral imaging in evaluating the intestinal hemor-
rhage of 7 different bleeding rates. The results are interesting and suggest that 
monochromatic energy imaging in spectral CT is a good choice in detecting tiny 
hemorrhages in the GI.
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