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Abstract
Purpose To compare the diagnostic performance of double contrast-enhanced ultrasound (DCEUS) and
multi-detector row computed tomography (MDCT) in the gross classification of gastric cancer (GC)
preoperatively.

Methods 54 patients with GC proved by histology were included in this study. The sensitivity and
specificity of DCEUS and MDCT for gross classification were calculated and compared. The area under
the curve (AUC) from a receiver operating characteristic curve analysis was used to evaluate the
difference of the diagnostic performance between these two methods.

Results There were no significant differences between DCEUS and MDCT in terms of AUC values for early
gastric cancer (EGC) and Borrmann Ⅰ-Ⅲ (P = 0.248, 0.317, 0.717 and 0.464, respectively). However, the
sensitivities of DCEUS for EGC, Borrmann Ⅰ and Borrmann Ⅲ were higher than those of MDCT (75% versus
62%; 100% versus 50%; 90% versus 73%). The specificity of DCEUS for Borrmann Ⅲ was lower than that of
MDCT (50% versus 75%). The AUC value of MDCT for Borrmann Ⅳ was significantly higher than that of
DCEUS (0.927 versus 0.625; P=0.001). The accuracy and specificity of DCEUS and MDCT for Borrmann Ⅳ
were similar, but the sensitivity of MDCT was significantly higher than that of DCEUS (88% versus 25%).

Conclusion DCEUS may be considered as a useful complementary imaging modality to MDCT for the
evaluation of the gross classification of GC preoperatively.

Introduction
Gastric cancer (GC) is one of the most common cancers worldwide, the prognosis of which is closely
related to the gross appearance [1–3]. According to the Japanese Gastric Cancer Association criteria, the
gross appearances of gastric cancers were classified into two types: early gastric cancer (EGC) and
advanced gastric cancer (AGC) [4]. Macroscopic Borrmann type for AGC, developed in 1926, is still a
valuable clinicopathological characteristic and used by pathologists and surgeons worldwide, because it
can easily be decided by macroscopic pathological examination after excision [2, 5]. The precise
preoperative diagnosis and gross classification is important to the optimal treatment of GC.

Many modalities, such as multidetector computed tomography (MDCT), endoscopic ultrasound, and
magnetic resonance imaging, have been used for assessing the gross classification of GC. Double
contrast-enhanced ultrasound (DCEUS), in which intravenous contrast enhanced ultrasound is combined
with oral contrast-enhanced ultrasound, is an accurate, well-tolerated, noninvasive diagnostic method for
preoperative evaluation of GC [2–3, 6–8]. In addition to advantages, such as convenience, low cost, and
no radiation, oral contrast-enhanced ultrasound can clearly display the stratification of gastric wall by
filling the stomach with oral contrast agents, such as water. Intravenous contrast enhanced ultrasound
can be used to evaluate the microvessels and tissue perfusion, which proves to be successful in solid
organs such as the liver and kidney [9–10]. It has many advantages, such as no toxicity to liver or kidney,
low risk of allergy, and no radiation.
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Studies about the comparison of DCEUS and MDCT in the gross classification of GCs are limited [2]. The
purpose of this study was to compare the diagnostic performance of DCEUS and MDCT in the gross
classification of GCs preoperatively.

Material And Methods

Patients
From December 2011 to January 2015, a total of 54 patients (36 men and 18 women, mean age 61±9.70
y) with GC proven by endoscopic biopsy were examined using CEUS and MDCT preoperatively. Surgical
excision was performed within a week after both examinations. This patient cohort was already
published in another study, which was about the tumor staging of GC (blinded reference).

DCEUS
The ultrasound examinations were performed using Philips iU22 system (Philips Healthcare, Bothell, WA)
equipped with convex-array transducers (C5-1) and linear transducer (L9-3). The exams were carried out
after fasting for at least 6 hours. Patients were asked to drink about 500-800 mL of water as quickly as
possible, which dilates the stomach and displaces the air within it. If possible, L9-3 transducer was used
to get a better resolution. Intravenous CEUS was performed with convex transducers with low mechanical
index of 0.06–0.08. A 2.4-mL bolus of SonoVue (Bracco SpA, Milan, Italy) was injected through
superficial elbow vein, followed by a 5-mL saline flush. The intravenous contrast study could be repeated
a second time with a time interval of at least 15 minutes, if necessary. All DCEUS were performed and
interpreted by one of the two radiologists (H.Y.G. and L.Y.M., with 17 years and 29 years of experience in
gastroenteric imaging respectively, and 14 years of experience in CEUS imaging). Both of them were
blinded to MDCT results but aware of the presence of GC. A consensus was reached by discussion in
cases of disagreement.

MDCT
MDCT (Somatom Definition Flash, Siemens Medical Solutions, Forchheim, Germany) was used for CT
scanning. Patients needed to fast for at least 6 hours. In order to dilate the stomach, patients should drink
approximately 600-1000 mL of water 5 min before CT examination. An intravenous dose of 80 mL of
contrast material (ioversol, 350 mg/mL, Mallinckrodt Canada ULC, Quebec, Canada) was injected at a
rate of 3 mL/s. All images of MDCT were reviewed by the same radiologist (TLW, with 30 years of
experience in gastroenteric imaging), who was blinded to the CEUS findings but aware of the presence of
GC.

Pathologic analysis
All resected specimens were examined by one of the two experienced pathologists (LMM and JXY, with
11 years and 8 years of experience in the field of gastroenteric tumor pathologic diagnosis) who were
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unaware of the DCEUS and MDCT findings. A consensus was reached by discussion in cases of
disagreement.

EGC was defined as a tumor limited to the mucosa or submucosa, independent of lymph node status,
whereas AGC was defined as a tumor invading the muscularis propria or deeper. AGC was further
classified into four growth types according to the Borrmann criteria: type I, polypoid tumor; type II,
ulcerative lesion with elevated and sharply demarcated margins; type III, ulcerative lesion without definite
limits, infiltrating into the surrounding gastric wall; type IV, diffusely infiltrating tumor without ulcer or a
discretely marginated mass [11].

Statistical analysis
The statistical analysis was performed with MedCalc version 14.8.1.0 software (MedCalc Software,
Mariakerke, Belgium). Continuous variables were expressed as means ± standard deviations. The
accuracy, sensitivity, specificity, and Youden’s index were calculated with DCEUS and MDCT for gross
classification. The area under the curve (AUC) from a receiver operating characteristic curve analysis was
used to evaluate the difference of the diagnostic performance between these two methods. For all
analyses, p values less than 0.05 was considered statistically significant.

Results
Table 1 shows the accuracy, sensitivity, specificity, and Youden index of DCEUS and MDCT in determining
gross classification of GC. Table 2 reveals the AUC values for each gross classification of GC. There were
no significant differences between DCEUS and MDCT in terms of AUC values for EGC and Borrmann Ⅰ-Ⅲ
(P = 0.248, 0.317, 0.717 and 0.464, respectively). However, the sensitivities of DCEUS for EGC, Borrmann Ⅰ
and Borrmann Ⅲ were higher than those of MDCT (75% versus 62%; 100% versus 50%; 90% versus 73%;
Figs. 1, 2 and 4). The specificity of DCEUS for Borrmann Ⅲ was lower than that of MDCT (50% versus
75%). The sensitivities of DCEUS and MDCT for Borrmann Ⅱ were both very low (17% versus 33%; Fig. 3).
The AUC value of MDCT for Borrmann Ⅳ was significantly higher than that of DCEUS (0.927 versus 0.625;
P=0.001). The accuracy and specificity of DCEUS and MDCT for Borrmann Ⅳ were similar, but the
sensitivity of MDCT was significantly higher than that of DCEUS (88% versus 25%; Fig. 5).



Page 6/13

Table 1
The Accuracy, Sensitivity, Specificity, and Youden's Index of DCEUS and MDCT for Assessing Gross

Classification of Gastric Cancer.

  Accuracy,

%(n)

Sensitivity,

%(n)

Specificity,

%(n)

Youden's index

DCEUS        

EGC 96% (52/54) 75% (6/8) 100% (46/46) 0.75

Borrmann Ⅰ 96% (52/54) 100% (2/2) 96% (50/52) 0.96

Borrmann Ⅱ 87% (47/54) 17% (1/6) 96% (46/48) 0.13

Borrmann Ⅲ 72% (39/54) 90% (27/30) 50% (12/24) 0.4

Borrmann Ⅳ 89% (48/54) 25% (2/8) 100% (46/46) 0.25

MDCT        

EGC 92% (50/54) 62% (5/8) 98% (45/46) 0.6

Borrmann Ⅰ 94% (51/54) 50% (1/2) 96% (50/52) 0.46

Borrmann Ⅱ 80% (43/54) 33% (2/6) 85% (41/48) 0.18

Borrmann Ⅲ 74% (40/54) 73% (22/30) 75% (18/24) 0.48

Borrmann Ⅳ 96% (52/54) 88% (7/8) 98% (45/46) 0.86

DCEUS = double contrast-enhanced ultrasound; EGC = early gastric cancer; MDCT = multidetector
computed tomography.

 
Table 2

The Areas Under the ROC Curves for Each Gross Classification of Gastric Cancer by DCEUS and MDCT.
Pathology AUC(95%CI) P Value

DCEUS MDCT

EGC 0.875 (0.757,0.949) 0.802 (0.671,0.898) 0.248

Borrmann Ⅰ 0.981 (0.900,0.999) 0.731 (0.593,0.842) 0.317

Borrmann Ⅱ 0.562 (0.421,0.697) 0.594 (0.451,0.725) 0.717

Borrmann Ⅲ 0.7 (0.560,0.817) 0.742 (0.604,0.851) 0.464

Borrmann Ⅳ 0.625 (0.483,0.753) 0.927 (0.822,0.980) 0.001

AUC = area under the curve; DCEUS = double contrast-enhanced ultrasound; CI = confidence interval;
EGC = early gastric cancer; MDCT = multidetector computed tomography.
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Discussion
The precise preoperative gross classification is very critical in determining the appropriate treatment for
GC. Endoscopic resection was recommended as the standard strategy for EGC without submucosal
infiltration [12]. While GC of Borrmann III and IV more frequently invaded the serosal surface, involved
lymph nodes and caused peritoneal metastasis than those of Borrmann I and II. Thus, the prognoses of
GC of Borrmann III and IV lesions were prominently worse than those of patients with Borrmann I and II
lesions [5]. Therefore, research showed gastrectomy with extended lymph node dissection and radical
gastrectomy with sufficient proximal and distal distances to the primary tumor to get histological tumor-
free margins were more important for patients with Borrmann III and IV lesions [5].

In this study, both DCEUS and MDCT for EGC and Borrmann I had a moderate or good evaluation
capacity. The sensitivities of DCEUS for EGC and Borrmann I were higher than those of MDCT (75%
versus 62%; 100% versus 50%), although the diagnostic performance did not achieve statistical
significance between them (P = 0.248; P= 0.317). One case was corrected from Borrmann II on MDCT to
EGC on DCEUS and one case was corrected from EGC on MDCT to Borrmann Ⅰ on DCEUS. This is
probably because DCEUS has higher spatial resolution for showing the gastric wall than MDCT and it
could show five alternating hyper and hypoechoic layers from inside to outside as the superficial mucosa,
muscularis mucosa, submucosa, muscularis propria, and serosa [13–14]. Thus DCEUS may be an
optimal method in determining EGC. There were only 2 cases of the pathological Borrmann I
classification, so the result may be influenced by sampling bias. In order to get more accurate results, we
should increase the sample size in future studies.

In this study, both DCEUS and MDCT for Borrmann Ⅱ classification of GC had a limited evaluation
capacity. They tended to mistakenly diagnose Borrmann Ⅱ as Borrmann Ⅲ. GC of Borrmann Ⅱ is an
ulcerative lesion with distinct border, while Borrmann III is an ulcerating tumor with an infiltrating base.
The differentiation of peritumoral inflammation and fibrosis from tumor infiltration on DCEUS and MDCT
is very difficult, thus Borrmann Ⅱ could be misdiagnosed as Borrmann Ⅲ.

Both DCEUS and MDCT had a moderately diagnostic performance for Borrmann Ⅲ. The sensitivity value
of DCEUS for Borrmann Ⅲ was higher than that of MDCT, while the specificity value for DCEUS was lower
than that for MDCT (90% versus 73%; 50% versus 75%). MDCT tended to mistakenly diagnose Borrmann
Ⅲ as Borrmann Ⅱ. Five cases were corrected from Borrmann Ⅲ on MDCT to Borrmann Ⅱ on DCEUS. Under-
classification may be because the minimal infiltration of cancer cells into the gastric wall was beyond the
resolution of MDCT. As mentioned above, the prognosis of Borrmann III was prominently worse than that
of Borrmann II lesions and their surgical procedures might be different, so it's important to identify
Borrmann III lesions sensitively rather than underestimate them. Thus, DCEUS may be a preferred method
in diagnosing Borrmann III.

In this study, the ability of MDCT to diagnose Borrmann IV was significantly superior to that of DCEUS.
The accuracy and sensitivity of DCEUS in the detection of Borrmann IV were obviously lower than those
of MDCT (89% versus 96%; 25% versus 88%). The specificity values for DCEUS and MDCT were similar
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(100% versus 98%). Five cases were corrected from Borrmann Ⅲ on DCEUS to Borrmann IV on MDCT. The
reasons are as follows: (1) GC of Borrmann IV usually presents as a diffuse thickening of the gastric wall
without a well-defined mass or ulceration. However, when the gastric wall thickens markedly, it may be
mistaken for a mass. So it possibly results in being misdiagnosed as Borrmann Ⅲ. In this study, six
patients with Borrmann IV were understaged as Borrmann Ⅲ by DCEUS (6/8). (2) DCEUS can be affected
by the air in the gastrointestine, shadow of ribs and xiphoid process, and artifact in the near field, so it
sometimes cannot display the gastric wall, cavity and perigastric tissue well. Therefore, MDCT may be a
preferred method in diagnosing Borrmann IV.

In this study, the accuracies of DCEUS and MDCT for EGC and Borrmann Ⅰ were higher than those
reported by Yan et al, whereas the accuracies for Borrmann Ⅲ were lower than their findings, and the
accuracies for Borrmann Ⅱ and IV were similar to theirs [2]. Their findings indicated that the ability of
DCEUS for EGC, Borrmann Ⅱ and Borrmann Ⅲ was superior to that of MDCT, whereas the ability of DCEUS
and MDCT for Borrmann Ⅰ and Borrmann IV were similar. However, they did not evaluate and compare the
sensitivity and specificity of DCEUS and MDCT in the gross classification of GC. Thus, their data were not
comparable to the data in this study.

There were some limitations to this study. First, this study was retrospective and only included patients
referred to our hospital for surgery. GC histologically proved with biopsy was known before DCEUS and
MDCT examinations. Second, although we collected data over 3 years, the number of patients who were
examined with both examinations preoperatively was small in this study, especially in Borrmann Ⅰ. So, the
result was influenced by a sampling bias. Multicenter studies are necessary to make the results more
reliable in future.

In conclusion, DCEUS may be considered as a useful complementary imaging modality to MDCT for the
evaluation of the gross classification of GC preoperatively.

Abbreviations
GC Gastric cancer

EGC Early gastric cancer

AGC Advanced gastric cancer

MDCT Multidetector computed tomography

CEUS Contrast-enhanced ultrasound

AUC Area under the curve
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Figure 1

Gastric cancer classified as EGC in a 67-year-old woman by pathologic analysis. A The thickening of the
cardia wall, limited to the submucosa (white arrows) can be seen on DCEUS, and it is classified as EGC. B
Multidetector CT shows that thickening with infiltration into muscularis propria with sharply demarcated
margins (white arrow), and it is misdiagnosed as Borrmann Ⅱ

Figure 2

Gastric cancer classified as Borrmann Ⅰ in a 41-year-old woman by pathologic analysis. A The thickened
gastric wall with polypoid appearance (white arrows) can be seen on DCEUS, and it is classified as
Borrmann Ⅰ. B Multidetector CT shows that thickening without infiltration into muscularis propria (white
arrow), and it is misdiagnosed as EGC
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Figure 3

Gastric cancer classified as Borrmann Ⅱ in a 70-year-old woman by pathologic analysis. A An ulcerating
lesion (red arrow) without definite limits, infiltrating into the surrounding gastric wall (white arrow) can be
seen on DCEUS, and it is misdiagnosed as Borrmann Ⅲ. B Multidetector CT shows an ulcerative lesion (red
arrow) with elevated and sharply demarcated margins (white arrow), and it is classified as Borrmann Ⅱ

Figure 4

Gastric cancer classified as Borrmann Ⅲ in a 66-year-old man by pathologic analysis. A An ulcerating
lesion (red arrow) without definite limits, infiltrating into the surrounding gastric wall (white arrow) can be
seen on DCEUS, and it is classified as Borrmann Ⅲ. B Multidetector CT shows that an ulcerative lesion (red
arrow) with elevated and sharply demarcated margins (white arrow), and it is misdiagnosed as Borrmann
Ⅱ
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Figure 5

Gastric cancer classified as Borrmann IV in a 67-year-old woman by pathologic analysis. A An ulcerating
lesion without definite limits, infiltrating into the surrounding gastric wall (white arrow) can be seen on
DCEUS. Gases adhering to the surface are mistaken for ulcer and it is misdiagnosed as Borrmann Ⅲ. B
Multidetector CT shows that diffusely infiltrating tumor without ulcer or a discretely marginated mass
(white arrow), and it is classified as Borrmann IV


