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Abstract

Background: Gastric cancer is regarded as the fifth most frequent tumor globally but the third most common fatal
illness. As early as possible, we diagnose cancer stomach especially at early stages, the higher the rate of life.
Nevertheless, most cases are diagnosed at late cases where surgery is not of the same benefit at early stages
because of clinically indefinite symptoms. The prospective study goal is to estimate the role of MDCT in diagnosis
and staging of cancer stomach.

Results: In our study, it was found that there was a high relationship between pathological and CT staging by
using MPR. CT with MPR was specific and accurate in diagnosis of all stages of gastric cancer with specificity ranged
between 93 and 97% and accuracy ranged between 90 and 92.5%. However, it showed lowest sensitivity in
diagnosis of stage 1 of gastric cancer. On the other hand, it showed highest sensitivity (90%) in diagnosis of stage
IV as well as we found that MPR and VR of MDCT are much more accurate (92.5%) than multi-detector computed
tomography axial images (80%) in the diagnosis of all stages of gastric cancer with the difference between the two
sequences was significant (P = 0.009).

Conclusion: Our results demonstrate that preoperative MDCT with contrast filling technique for abdomen and
pelvis evaluates the local disease process of gastric cancer as well as the potential areas of spread. This information
is vital in choosing between palliative or radical surgery. MPR and VR help in the assessment of tumor extension
and considered as a highly representative prognostic value. Making it the imaging modality of choice in diagnosis
and staging of gastric cancers.
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Background
Gastric cancer is classified as the fifth most com-
mon cancer worldwide and the third most common
fatal illness [1]. The only available curable treatment
is surgical excision, depending on the stage of the
disease at the presentation that determined by the
extent of stomach wall invasion spread to lymph
nodes and multi-organ metastasis. As early as pos-
sible we diagnose cancer stomach especially at early
stages, the higher the rate of life. Nevertheless, most
cases are diagnosed in late cases where surgery is
not of the same benefit at early stages because of

clinically indefinite symptoms. The prospective
study goal was to estimate the role of MDCT in the
diagnosis and staging of cancer stomach [2].
The extent of wall and peritoneal invasion besides

the presence or absence of distant metastasis is more
helpful in determining the gastric cancer stages
(TNM) [3]. Computed tomography is essentially used
for staging of gastric cancer. Advanced techniques
such as gastric distension with water or gas have also
aided to improve the accurate detection of gastric
cancer [4].
Other diagnostic tools as endoscopic ultrasound and

MRI can be used in assessing gastric cancer. How-
ever, endoscopic ultrasound is an invasive technique,
cannot be performed on all patients, is not accurate
for the detection of peritoneal disease, and not useful
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for detection of distant metastases and although mag-
netic resonance imaging (MRI) gives higher soft tissue
contrast beside the capability of multi-planar imaging,
is less used than multi-slice computed tomography
because of their prolonged scan time as well as their
expensive cost [5].
Preoperative staging is generally performed with abdom-

inal, endoscopic ultrasonography in combination with
computed tomography [6]. Currently, endoscopic radio-
logical imaging was recorded as the most useful diagnostic
radiological method of preoperative staging to assess the
extent of the tumor spread [6, 7]. The most recent global

consent verified the importance of preoperative TNM sta-
ging and specified multi-slice computed tomography as
the best staging radiological technique [8, 9], which has
displayed identical or higher accuracy in comparison with
endoscopic ultrasonography for T-staging and a clear
benefit concerning alternative techniques for TNM sta-
ging. Our prospective study goal is to estimate the role of
MDCT in the diagnosis and staging of cancer stomach.

Patient and methods
The present study was conducted between October 2017
and October 2018 on 40 patients (25 males and 15

Fig. 1 A 56-year-old male presented with hematemesis for 1 month, a contrast-enhanced CT (arterial phase with oral contrast) axial scans show
diffuse relatively enhanced thickness of the lesser curvature reaching gastro esophageal junction, not reaching esophagus, its maximum thickness
about 2 cm. Furthermore, there is a hypoechoic round hepatic focal lesion found. Final diagnosis: stage T4NxM1 gastric carcinoma

Fig. 2 A 50-year-old male presented with vomiting of blood and dyspepsia for 3 weeks; a, b contrast-enhanced CT (arterial phase with
oral contrast) axial scans show diffuse thickness of the greater curvature with an exophytic mass showing heterogeneous enhancement
with central breakdown, the mass measures about (3.5 × 2.0 cm), other findings are perigastric, splenic hilar lymph nodes and multiple
hepatic focal lesion. c Contrast-enhanced CT abdomen coronal scans show splenic and hepatic focal lesions. Final diagnosis: stage
T4N1M2 gastric carcinoma
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females) with age ranged from 35 to 75 years with mean
age of 55 years. The patients were complaining of symp-
toms of gastric cancer, referred to the radiological de-
partment at Tanta Cancer Institute. This study was
approved by our Institutional Review Board.

Inclusion criteria
In our study, we included patients suffered from recur-
rent attacks of hematemesis, dyspepsia, of high clinical
suspicious of gastric tumors as well as patients presented
with untreatable anemia.

Exclusion criteria
In our study, we excluded pregnant or lactating women
as well as patients with renal impairment (elevated
serum creatinine value above the standard level), cardiac
failure, and patients with history of previous allergic re-
action to contrast agents.

Patient preparation and positioning
Patients were instructed to fast for more than 8 h.
Each patient received an intramuscular administration
of 20 mg of anisodamine to decrease peristaltic bowel
movement and drink 1000–1200 ml plain water for
gastric filling 10–20 min before the start of the scan.
Patients were prepared for examination in a supine
position.

Contrast material injection
After an un-enhanced scan of the upper abdomen, a
100 ml bolus of nonionic iodine contrast agent was ad-
ministered into the antecubital vein with an automatic
injector is needed for contrast injection at a flow rate of
3 ml/s via a 20-gauge needle using. CT acquisitions were

performed in the arterial phase (start delay of 30 s), in
the portal venous phase (start delay of 75 s), and the
equilibrium phase (start delay of 180 s). At the time of
MDCT scanning, we restricted arterial and portal venous
phase acquisition to the stomach with a section thick-
ness of 3.75 mm.

Scanning criteria
The examination comprises the abdomen and pelvis
with a slice thickness of 5 mm, from the dome of the
diaphragm to the anal level. CT scanning guidelines
were as follows: 128 detector rows used; pitch, 3; recon-
struction interval, 2.5 mm; 200 mA; 120 kV; and tube ro-
tation time, 0.8 s.

Post-scanning processing
All CT images were transmitted to a workstation for multi-
planar reconstruction (MPR). The depth of tumor invasion
was detected by a plane vertical to the tumor to avoid par-
tial volume effects. These MPR images had a section thick-
ness of 2.5mm and were obtained at 2.5-mm intervals.

Results
In our study, all 40 patients were primarily evaluated by
the MSCT protocol before beginning of any treatment
therapy as it was important to be firstly diagnosed and
staged for estimation of the probable treatment protocol
whether surgical or therapeutic. The most frequently in-
volved age group was the group > 50–70 years and more
common in males. The most frequently encountered
clinical presentations among gastric carcinoma patients

Table 1 Shape of gastric cancer by MDCT

Shape of gastric cancer by
MDCT

Male Female Total

N % N % N %

Polypoidal mass 1 2.5 1 2.5 2 5

Fungating mass 2 5 1 2.5 3 7.5

Ulcerating lesion 1 2.5 1 2.5 2 5

Circumferential wall thickening 21 52.5 12 30 33 82.5

Total 25 62.5 15 37.5 40 100

Table 2 Anatomical location of the gastric mass detected by
MDCT

Anatomical location of the gastric mass detected by MDCT No. %

Fundus 2 5

Greater curvature 17 42.5

Lesser curvature 18 45

Pylorus 3 7.5

Total 40 100

Table 3 The sites for local spread and distant metastasis
associated with gastric cancer

The sites for local spread and distant metastasis associated
with gastric cancer

No. %

Liver 20 55.6

Gastric and perigastric lymph nodes 12 33.3

Esophagus 4 11.1

Total 36 100

Table 4 Comparing the MDCT (T) stage with the pathological
(T) stage

CT
Staging

Pathological Staging

PT1 (n = 2) PT2 (n = 4) PT3 (n = 13) PT4 (n = 21)

T1 (n = 4) 1 2 1 –

T2 (n = 4) 1 2 1 –

T3 (n = 10) – – 9 1

T4 (n = 22) – – 2 20

χ2 4.526

P value 0.011

Zytoon et al. Egyptian Journal of Radiology and Nuclear Medicine           (2020) 51:30 Page 3 of 7



were vomiting after meal and loss of appetite (Figs. 1
and 2).
Our study observed the correlation between the

CT imaging data and pathological data in all 40 pa-
tients; it was found that the undifferentiated adeno-
carcinoma is the most common gastric cancer
(Table 1).
All 40 patients were scanned by MDCT, greater and

lesser curvature were involved in 35 patients (Table 2).
In our study, the commonest site for metastasis was hep-
atic metastasis (Table 3). Most of our patients had stage
T4 (N = 20) according to CT staging of gastric carcin-
oma using MPR and pathological staging. The difference
between the CT staging and pathological staging of gas-
tric cancers was significant (Table 4), (Figs. 3 and 4).
Regarding tumor staging by using axial cuts, MPR, and

VR sequences, stage 4 of the cancer stomach was better
recognized by using MPR and VR sequences, while
grade II and grade III of cancer stomach was better iden-
tified by using axial cuts with thin slice MDCT. How-
ever, the difference between the two sequences was of
quarry significance (P less than 0.05) (Table 5, Fig. 5).

Discussion
Cancer stomach is considered the third most common
lethal disease worldwide [1]. Although the usage of
double contrast study helps in early detection of any
small gastric lesions, wall invasion extent as well as pres-
ence or absence of distant metastasis [10]. The definite
function of MDCT is to differentiate between benign

and malignant gastric tumor and assess the stage and
metastatic extent of gastric carcinoma, for assessing
treatment protocol between palliative or radical surgical
treatment. In our study, the use of contrast agents is es-
sential as there must be adequate distension of the stom-
ach. If the entire stomach is not well distended, disease
must be over looked or, conversely, the collapsed gastric
wall may mimic disease [10].
On the other hand, MDCT help in evaluation of

treatment response. It is also considered as one of
the important prognostic factors through tumor ex-
tent evaluation [11]. In our study, 40 patients under-
went analytical study, correlation, and comparison of
MDCT radiological data with histopathologically
proved results.
We found male patients were more affected (25/

40) (62.5%) in comparison with female patients (15/
40) (37.5%), that undergoes with Macdonald et al.
[11], who found that gastric cancer are more com-
mon in male patients in comparison to female
patients.
The majority of patients had complaints at the diagno-

sis time of the previous study of Allum et al. [12], who
found that dyspepsia, dysphagia, weight loss, and anemia
were the most common clinical presentations. This coin-
cides with the findings in which the most frequent clin-
ical presentation was vomiting after a meal in 30
patients followed by loss of appetite in 20 patients,
weight loss in 9 patients, and epigastric pain in 6
patients.

Fig. 3 A 49-year-old female presented with hematemesis for 1 month; a contrast-enhanced CT (arterial phase with oral contrast) axial scans show
diffusely enhanced greater curvature mass lesion measures about 4.5 cm with no regional lymph node spread nor metastasis either locally or
distantly Final diagnosis: stage T3N0M0 gastric carcinoma
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According to Perez and Brady [13] who found that
50% of study cases were with focal mural thickness, 25%
were with polypoidal soft tissue lesions but only 5%
show diffuse mural thickening with narrowing of the
lumen and that is in contrary with our results that found
about 33 patients showed circumferential gastric wall
thickening (82.5%) but in few cases 3 and 2 patients
(7.5% & 5%) polypoid, fungating, and ulcerating masses
were found.
According to Horton and Fishman [14] analysis who

found that the liver was the most common organ for dis-
tant metastasis and in our result there is a high degree
of agreement as about half of the study cases metasta-
sized to liver followed by regional L. Ns metastasis and
peritoneal deposits.
The stomach layers are best evaluated in the arterial

phase of contrast enhancement when the stomach is free
of contrast [15]. In our study, gastric tumor enhancement
was identified in all patients in the arterial phase, all of
them show homogenous enhancement. On MDCT, the
extension of tumor load was categorized as follows: T0,
no proof of alteration of the gastric wall with even perigas-
tric fat around; T1, infiltration of the gastric mucosa or
submucosa [16]; T2, invasion to muscularis propria [17];

T3, invasion to subserosa [16]; and T4, invasion to serosa
and adjacent organs or structures [18, 19].
In the present study, the sensitivity of MDCT in recog-

nition and evaluation of gastric neoplasms was docu-
mented parallel with the histopathological results as a
gold standard. In the current study, there is a significant
relationship between pathological and CT staging by
using of thin-slice axial CT as we found that CT was
specific and accurate in diagnosis of all stages of gastric
cancer with specificity ranged between 93 and 97% and
accuracy ranged between 9 and 92.5%.
The present study showed that MDCT gives the highest

sensitivity (90%) in stage IV, but the lowest on of stages I
and II. This correlates with Kumano et al. [20] results, who
reported that MDCT has sensitivities in the range of 68.8–
96.2% in the detection of gastric cancers. According to our
recent statistics, the accuracy and sensitivity of T3 are 70%
and 100%, while that of T4 was 70 and 44, respectively.
There are points of strengths in the current study; as

our study was done on a tertiary cancer center promot-
ing the possibility of checking as many suspecting cases
with follow up, using the advanced MDCT machine of
128-row detectors giving the chance for more accuracy
and detection of small lesions with its first metastasis.
Furthermore, the detection of our patients with gastric
carcinoma included different stages and detection of dif-
ferent metastasis unpredicted sites either presented as
local tumor spread or in distant sites. Finally, our study
correlates all the MDCT findings with the histopatho-
logical results giving more confidence.
On the contrary, there are few points of limitations

could not be evaded and should be recorded; our patient
sample is limited, but inevitably our next research will
include large sample in multi-centric study, most cases
were presented in advanced stage, and deficiency of
post-operative or post-therapy follow up to show the im-
pact of our results upon the management plan but an-
other research could be intensive study that point.

Fig. 4 a A 66-year-old male presented with chronic anemia; a contrast-enhanced CT (arterial phase with oral contrast) axial scans showing diffuse
thickness of the gastro esophageal junction reaching the lower esophagus with maximum thickness about 2.5 cm. b Contrast-enhanced CT
arterial phase mediastinal window axial scans show bilateral pleural effusion more at the left side with no pulmonary nodules detected. c CT
abdomen sagittal scans bone window showing multiple lytic and sclerotic bony metastasis of the spine. Final diagnosis: stage T4NxM1
gastric carcinoma

Table 5 The tumor detection rate with MDCT axial cuts, MPR,
and VR in different stages

Cancer
staging
by
MDCT

Number of patients detected in different stages either with

MPR and volume rendering Axial cuts

N % N %

T1 3 7 2 5

T2 5 12.5 4 10

T3 11 27.5 10 25

T4 21 52.5 20 50

χ2 0.637

P value 0.115
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Conclusion
Our results demonstrate that preoperative MDCT with
contrast filling technique for abdomen and pelvis evalu-
ates the local disease process of gastric cancer as well as
the potential areas of spread. This information is vital in
choosing between palliative or radical surgery. MPR and
VR help in the assessment of tumor extension and consid-
ered as a highly representative prognostic value. Making it
the imaging modality of choice in diagnosis and staging of
gastric cancers, as the MDCT (using the contrast filling
technique) with added MPR and VR images is definite in
92.5% but of 95% sensitivity in proper diagnosis, staging as
well as follow-up of patients with cancer stomach.
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