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Introduction

Gastrointestinal (Gl) bleeding is a common and serious condition
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in diagnosis of Gl bleeding but improved con dence when active
bleeding was absent [8]. However, neither study has investigated the
e ect of bleeding rate on the conspicuity of extravasated contrast in
DECT in comparison with SECT. Liu et al. attempted to address this
unmet need in a phantom model using a 1%-generation DECT scanner.

ey reported improved sensitivity, contrast-to-noise ratio (CNR), and
Gl bleeding detection rates at bleeding rate as low as 0.025 mL/min
using 40 keV VMI images compared to SECT [9]. We are unaware of
any other reports addressing this question. In this study, we sought to
con rmthe ndings of Liu et. al using the latest DECT and an arterial
phase Gl bleeding phantom we designed in-house.

Methods
Arterial phase bleeding phantom

A 50 mL syringe (Becton, Dickinson and Company, Franklin
Lakes, NJ) with a diameter of 26 mm to simulate the small bowel was
connected to a peristaltic device which could be adjusted to pump uid
in bursts ranging between 10-20 per minute, resulting in variable rate
of uid ow ranging from 0.03 to 1.00 mL/min (Master ex Low-Flow,

OMICS J Radiol, an open access journal Volume 12 « Issue 9 « 1000484
ISSN: 2167-7964



Citation: Li B, Li D, Gupta A (2023) Conspicuity of Active Gastrointestinal Bleeding: Bleeding Rate Has Greater Impact on Dual-Energy Computed
Tomography than Conventional Computed Tomography. OMICS J Radiol 12: 484.

Page 3 of 4

and CNR . /CNR_ . We chose to analyze CNR to quantitatively
assess the presence of extravasated contrast relative to background
noise [20].

Statistical analysis

Statistical analysis was performed using the Excel Data Analysis
Toolpak (Microso , Richmond, WA). e paired t-test was employed
to compare the CNR at the bleeding site between 1) the SECT series
and 40 keV VMI series, 2) the SECT and the iodine density series,
respectively.

Results

Example images of the Gl bleeding phantom for simulated bleeding
rate of 0.09 mL/min are displayed in (Figure 2a, b). Extravasated
contrast material (arrows) is noted on all three images [21], and is more
conspicuous and dense on the 40 keV VMI image (134 HU) despite
higher levels of noise when compared to SECT reconstruction (67
HU). lodine density of the extravasated contrast measures 1.1 mg/cm?
(Figure 2c).

Figure 3shows the measured CT values and iodine density at various
bleeding rates when extravasated contrast material was successfully
detected. e measured CT values of 40 keV VMI were more than twice
as high as those of the SECT series (mean [min-max]: 114.4 HU [55-
246 HU] vs. 52.1 HU [22-117 HUJ; p value < 0.05). e average iodine
density across all bleeding rates was 1.20 mg/cm3 [0.57-2.46 mg/cm3].

It was evident in Figure 3(a, b) that the image noise (i.e., standard
deviation of CT Houns eld unit values) of the 40 keV VMI series
was much higher than that of the SECT. To take image noise into
consideration, we calculated the CNR and the results are shown
in Figure 4. e CNRs of 40 keV VMI were 8.66+3.71, 6.56+2.35,
6.77+£2.10, 5.27+1.46, and 6.50+0.21 at 0.36, 0.16, 0.09, 0.07, and
0.04 mL/min, respectively. In comparison, the CNRs of SECT were
4.95+2.20, 4.21+0.85, 5.35+1.87, 3.83+0.95, and 4.72+0.93 at 0.36, 0.16,
0.09, 0.07, and 0.04 mL/min, respectively. Compared to SECT, 40 keV
VMI improves the CNR by 26-75% (Table 1), and the di erence in
CNR was statistically signi cant between 40 keV VMI and SECT (p
value < 0.05), and between iodine density and SECT (p value < 0.05),
respectively [22].

However, Figure 3(a) also showed that the CNR of 40 keV VMI
decreased in a seemingly linear fashion,

CNRyyp = —8.29 % Bleeding Rate (mL/min} + 3.55(Eq. 1)

erefore, with a decrease in bleeding rate from 0.36 to 0.04 mL/

min, the CNR of 40 keV VMI was reduced by 24.9% (i.e., 8.66 to 6.55).

is decrease was signi cant compare to a merely 4.6% (i.e., 4.95 to

4.72) decrease in the CNR of SECT over the same bleeding rate range
[23].

Discussion

Our measurements showed a superior CNR value of 6.55 at arterial
phase 40 keV VMI vs 4.72 of arterial phase SECT at the lowest bleeding
rate of 0.04 mL/min. is is in line with the arterial phase results
reported by Liu et al., who reported a CNR value of 7.69 at arterial
phase 40 keV vs 3.58 arterial phase SECT at 0.025 mL/min [9]. Liu et al.
also reported a superior CNR value of 19.35 at venous phase 40 keV vs
11.68 venous phase SECT at 0.025 mL/min [9]. Due to the design limit
of our phantom model, we were not able to verify these venous phase
results [24].
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To our knowledge, this is the rst report of signi cant loss of CNR
at slow bleeding rates when compared with SECT. With the decrease
of bleeding rate from 0.36 to 0.04 mL/min, the CNRs of 40 keV VMI
decreased by 24.9%, compared to a slight decline of 4.6% of SECT. We
also found this loss of CNR at slow bleeding rate may be characterized
by a linear relationship (Eq. 1). ese ndings not only warrants
attention but also help design further study to assess DECTs e cacy at
slow Gl bleeding patients [25].

e use of iodine density quanti cation was not evaluated in the
previously published DECT Gl bleeding phantom study [9]. In our
study, the mean iodine density of sites of extravasated contrast across
all bleeding rates was 1.20 mg/cm? [0.57-2.46 mg/cm3]. Our results
correlate well with a study of brain hemorrhage by Bonatti et al. [26],
which demonstrated that a cuto of 1.35 mg/cm?® would result in 100%
sensitivity and 67.6% speci city in detecting active bleeding. e ideal
iodine density cuto for determining active Gl bleeding is not known
but we believe that iodine density quanti cation can potentially be used
in clinical cases to con rm or refute the presence of active extravasation
in areas of suspected bleeding.

Besides the aforementioned limitation that our phantom model
did not permit the simulation of venous phase bleeding, our study has
other limitations. First, our study utilized a simulated model, and blood
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