
INTRODUCTION

G
ndastric carcinoma is the 2  most 

common cause of death and 
thremained 4  common malig-

1nancy, worldwide.  Gastric carcinoma 
appears symptomatic with advancement 
in stage. Five years survival rate is found 
to be 90% in Japan (due to early 
diagnosis), however, other European 

2countries had 10-30% survival rate.  
Incidence of gastric carcinoma varied 
with geographic variation. Moreover, 
50% of new diagnosed cases occur in 

3 developing world. Gastric carcinoma is 
very common among young males with 
an advanced stage (stage III and IV) in 
Pakistan. Overall, mortality with gastric 

4carcinoma is Pakistan is 13.3%.  In last 
few decades, gastric carcinoma incidence 
has decreased due to improved food 
and hygiene standards, eradication of 
helicobacter pylori and effective high 

5intake of fresh vegetables and fruits.  
Socioeconomic status had significant 
association with risk reduction of gastric 

6carcinoma , however, healthy dietary 
habits and maintenance of proper weight 
is associated with gastric carcinoma 

7prevention.  

Multi detector computed tomography 
(MDCT) for gastric carcinoma has signi-
ficant role in disease staging and is 
reported as method of choice regarding 
pre-operative disease staging or TNM 

staging as classified by American Joint 
Committee on Cancer's (8th edition) 
guidelines. MDCT technique is capable 
of local invasion identification and distant 
metastases recognition. MDCT staging 
is crucial for early detection, minimally 
invasive treatments including endoscopic 
resection (early tumor detection) and 
prevention of unnecessary surgical 
intervention for in-operable neoplastic 
disease process. Correct technique of 
MDCT has significant impact on better 

8results obtention.  

Literature does support that MDCT 
showed good accuracy for preoperative 
staging of gastric carcinoma with 
respect to TNM calcification in relation 
to depth invasion and metastatic invol-
vement with specificity of MDCT for 
early gastric cancer diagnosis being 
>95% and for determination of 

9adjacent organ invasion was >84%.  
This scan modality is in use in Pakistan 
however there is a scarcity of published 
data over its effective utilization. Hence, 
it is very important to evaluate role of 
MDCT in gastric cancer staging with 
respect to TNM classification in 
Pakistan. It will effectively contribute to 
the knowledge of radiologists specifically. 
Present study aims to assess and 
evaluate the gastric carcinoma TNM 
staging along with metastases status and 
lymph nodes involvement in such 
patients using MDCT.

METHODS

This cross-sectional study was conducted 
from January 2018-February 2019, at 
Radiology Department of Kuwait 
Teaching Hospital, Peshawar, Pakistan. 
Ethical approval was taken from the 
ethical review board of the hospital. 
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ABSTRACT

OBJECTIVE: To evaluate pre-operative tumour-node-metastasis staging 
(TNM) staging, metastases status and detection of role of multidetector-row 
computed tomography (MDCT) in gastric carcinoma patients in Pakistan.

METHODS: This cross-sectional study, spanned over 14 months (January 
2018-February 2019), was conducted at Radiology Department of Kuwait 
Teaching Hospital. Sample size was 173. Patients, selected through non-
probability consecutive sampling technique, irrespective of gender, aged over 
18 years and having clinically and histopathologically diagnosed with gastric 
carcinoma were included in the study. MDCT of patients was done. SPSS 
Version-24 was utilized for data analysis. Chi-square test was applied with p-
value £0.05 was considered significant.

RESULTS: Out of total 173 patients with gastric carcinoma, 121 (69.9%) were 
males and 52 (30.1%) were females. Mean age of patients was 48.5±1.2 years. 
Majority of patients were in T4a stage (n=64; 37%) followed T4b, T3, T0, T1 & 
T2 (24.9%, 17.3%, 11% and 9.8%) respectively.  N0 stage with no nodal 
metastases was 40.5% followed by N1 stage (1-2 lymph nodes), N2 stage (3-6 
lymph nodes), N3a stage (7-15 lymph nodes) and N3b stage (more than 15 
lymph nodes) with 25.4%, 19.7%, 5.8% and 8.7% respectively. M1 stage with 
distant metastases was in 76 (43.9%) patients. Age and gender had insignificant 
association with TNM system (p>0.05).

CONCLUSION: Multi detector row computed tomography was effective in 
pre-operative evaluation and TNM staging of gastric carcinoma. Lymph node 
detection on MDCT can further be utilized for fine needle biopsies if required. 
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The sample size of 173 was determined 
using 5% significance level, 95% confi-
dence interval and prevalence of gastric 

4carcinoma as 13% . Non-probability 
consecutive sampling technique was 
incorporated for patient's selection. 
Participation in the study was subjected 
to written informed consent. Patients, 
irrespective of gender, aged over 18 years 
and having clinically and histopatholo-
gically diagnosed with gastric carcinoma 
were included in the study. However, all 
the patients reporting to hospital with 
other malignancies, immunocompro-
mised patients, pregnant and lactating 
females, and patients with any mental 
disability were excluded. 

Patient preparation started with a 
minimum of eight hours. Patients having 
no contraindications were administered 
10 mg of scopolamine butylbromide 15 
minutes prior to study. Optimal gastric 
distention was achieved using 750-100 
ml of positive neutral agent (Water). As 
protocol for CT using neutral agent, 
supine position was used. 

Volumetric acquisition of upper 
abdomen was determined before the 
administration of IV iodinated contrast 
injection. Volumetric acquisitions 
include; upper abdomen at arterial 
phase, total abdomen at portal phase 
and in the end upper abdomen again at 
equilibrium phase (150 seconds after 
arterial phase). 

MDCT was performed using a 16 -
detector row CT scanner (Light speed 
VCT, GE Healthcare), with scanning 
parameters beam collimation, 0.62540 
mm; pitch, 0.984; kVp/effective mA, 
120/300. Non-ionic venous contrast 
agent (1.5Ml//kg) was injected into 
cubital vein (using 18G/20G venous 
catheter) and automated infusion pump 

was used for flow of 3.5mL/s, for 
contrast enhanced CT with scanning 
starting after 40 seconds of injection of 
contrast. The imaging area was from 
xiphoid process to symphysis pubis.

Hepatic steatosis and pathological 
calcification was determined through 
non contrast enhanced phase. It is used 
as reference to enhancement pattern of 
gastric lymph nodes or metastatic 
lesions. American Joint Committee on 

thCancer's (8  edition) guidelines were 
used for gastric carcinoma staging 
(TNM Classification). Arterial and 
delayed phase was used for evaluation 
of T stage, portal phase was used for N 
stage and M stage. Data was analysed 
through SPSS Version-24. Mean and 
standard deviation was determined for 
quantitative variable, however, frequency 
and percentages were determined for 
qualitative data. Chi-square test was 
applied for measuring association. P 
value £0.05 was considered significant.

RESULTS

Out of total 173 patients with gastric 
carcinoma, 121 (69.9%) were males and 
52 (30.1%) were females (Table 1). Mean 
age of patients was 48.5±1.2 years.  

Gastro-esophageal junction was involved 

in 103 (59.5%) patients compared to no 
involvement in 70 (40.5%) patients. 
Anatomical involvement of cardia, 
fundus, body, antrum and pylorus are 
shown in table II.

Among 173 patients, 75 (43.4%) showed 
involvement of gastric lesser curvature. 
Out of all, 69 (39.9%) had gastric greater 
curvature involvement. Gastroeso-
phageal junction and esophageal 
involvement were demonstrated with 
varying lengths of oesophagus being 
involved. 144 patients (83.2%) did not 
show any esophageal involvement, 
esophageal involvement was up to  12 
cm in 2 (1.2%) , up to 13 cm in 1 (0.6%), 
up to 14 cm in 1 (0.6%), up to 19 cm in 2 
(1.2%), up to 20 cm in 3 (1.7%), 23 cm 
in 2 (1.2%), 26 cm in 1 (0.6%), 29 cm in 
1(0.6%), 30 cm in 5 (2.9%), 35 cm in 1 
(0.6%), 40 cm in 3 (1.7%), 45 cm in 
1(0.6%), 52 cm in 1 (0.6%), 54 cm in 1 
(0.6%), 76 cm 1 (0.6%), 86 cm in 1 
(0.6%), 120 cm in 1 (0.6%) and up to 
150 cm in 1 (0.6%) case. Maximal 
thickness of disease oesophageal 
segment was up to 0 mm in 144 
(83.2%), 9 mm in 1 (0.6%), 10 mm in 5 
(2.9%), 11 mm in 3 (1.7%), 12 mm in 7 
(4%), 14 mm in 5 (2.9%), 15 mm in 1 
(0.6%), 16 mm in 3 (1.7%), 17 mm in 2 
(1.2%), 21 mm in 1 (0.6%) and up to 34 
mm in 1 (0.6%). Out of these cases 
where oesophageal involvement was 
positive mediastinal was found in 8 
(4.6%) and absent in 165 (95.4%). 
Duodenal involvement was found in 23 
(13.3%) while absent in 150 (86.7%). 
Gastro-hepatic ligament involvement 
was seen in 111 (64.2%) patients, 
gastrocolic ligament involvement was 
present in 46 (26.6%), gastrosplenic 
ligament involvement was seen in 25 
(14.5%), omental nodularity was seen 
in 33 (19.1%), direct hepatic involvement 
was present in 21 (12.1%), direct 
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TABLE I: DEMOGRAPHIC SEGMENTATION OF STUDY PARTICIPANTS

 

Characteristics

 
Frequency
(n=173)

 
Percentage

Gender
 Male

 
121 

 
69.9

 

Female 
 

52 
 

30.1
 

Age (years)
  

1-10 2   1.2  

11-20 10  5.8  
21-30 18   10.4  
31-40 30   17.3  
41-50

 
43

 
24.9

 51-60
 

42
 

24.3
 61-70 20 11.6

>70 1 0.6

TABLE II: ANATOMICAL INVOLVEMENT IN GASTRIC CARCINOMA

Gastric cancer Frequency (N=173) Percentage 

Cardia involvement
 Absent

 
99

 
57.2

Present 
 

74
 

42.8

Fundus involvement Absent 121  69.9
Present  52  30.1

Body involvement 
Absent 116  67.1
Present 57  32.9

Antrum involvement
 

Absent 113  65.3
Present

 
60

 
34.7

Pylorus involvement
Absent

 
99

 
57.2

Present 74 42.8



pancreatic involvement was seen in 25 
(14.5%), transverse colon was involved 
in 4 (2.3%), direct splenic involvement 
was reported in 5 (2.9%), diaphragmatic 
involvement was found in 9 (5.2%) and 
infiltration of other adjacent structure 
was seen in 5 (2.9%) patients. Number 
of lymph nodes (LN) involved were zero 
in 71 (41%), 1-2 in 43 (24.9%), 3-6 in 34 
(19.7%), 7-15 in 10 (5.8%), more than 15 
LN were involved in 15 (8.7%) patients.  

Tiers of lymph nodes status showed that 
third, second and first tier of lymph nodes 
were present in 26 (15%), 45 (26%) 
and 94 (54.3%) cases respectively.

Table-III projects the data pertaining to the 
metastasis's status in study participants. 

Majority (37%) of patients were in T4a 
stage followed by T4b (24.9%) and T3 
(17.3%). About 40.5% of patients were 
in N0 stage. Metastatic staging showed 
majority (56.1%) were in Mo stage 
(Table IV).

Age had insignificant association with T 
stage (p=0.101), N stage (p=0.829) 
and M stage (p=0.90). Gender had 
insignificant association with T stage 
(p=0.412), N stage (p=0.447) and M 
stage (p=0.317)

DISCUSSION 

In our study on pre-operative TNM 
staging of gastric carcinoma through 
MDCT in Pakistani patients revealed 
that majority (37%) of patients were in 
T4a stage followed T4b, T3, T0, T1 & 
T2.  N0 stage with no nodal metastases 
was 40.5% followed by N1 stage 

(25.4%). M1 stage with distant meta-
stases was in 43.9% patients.

MDCT had significant role in gastric 
carcinoma preoperative staging with 
great influence on therapeutic approach. 
In our study we found MDCT an accurate 
tool for TNM staging. A similar study 
reported that accuracy of tomographic 
staging was higher in T staging as com-

10pared to N and M staging.  Another 
similar study reported that MDCT was 
associated with low differentiation of T2 

11and T3 stage (p=0.01).  However, in 
our study we found that indicators like 
peri-gastric stranding and complete 
gastric wall thickness involvement a 
reliable tool for differentiating between 
these two.

In present study, majority of patients 
were in N0 stage 40.5% following NI, 
N2, N3a and N3b in 25.4%, 19.7%, 
5.8% and 8.7% respectively. Majority 
of patients were in Mo 97(56.1%) stage 

and 76(43.9%) were in M1. Zhang et al 
reported lymph node metastasis with 
tumor size, grade, serosa invasion, 
longest diameter and showing biological 
behaviour of gastric cancer. They predict 
lymph node metastasis preoperatively 
with support vector machine (SVM) 

12model using MDCT.  Teixeira et al 
reported that positive and negative ratio 
between preoperative prognosis and 
non-metastatic lymph nodes could be 

13explained by MDCT.

In present study, hepatic metastases 
were seen in 42(24.3%), omental meta-
stases were seen in 17(9.8%), peritoneal 
metastases were seen in 9(5.2%), 
pulmonary metastases in 35(20.2%), bony 
metastases in 12(6.9%) and ovarian 
metastases in 6(3.5%) patients which is 
in line with findings reported as 55% of 
patients with gastric carcinoma had 
25% of hepatic metastases, 11% omental 
metastases and 5% bony metastases by 

14another study.  Another similar study 
reported that pulmonary metastases 
were in 25% of gastric carcinoma 

15patients.  Hepatic metastases was 
reported to be the most common one in 
our study (24.3%) which is similar to 
that reported previously by another 
study labelling hepatic metastases to be 
the most common metastases in gastric 
carcinoma while ovarian metastases 
were least common metastases in 

16gastric carcinoma.  

In present study, age and gender had 
insignificant association with TNM 
staging of gastric carcinoma (p>0.05). 
Pan et al reported that patients in older 
age group were more prone to 
accurately diagnosed with TNM 
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TABLE III: METASTASES STATUS IN STUDY PARTICIPANTS

Metastases status Frequency (N=173) Percentage 

Metastases

 
No

 
91

 
52.6

Yes
 

82
 

47.4

Hepatic metastases
 No

 
131

 
75.7

Yes
 

42
 

24.3

Omental metastases  No 156  90.2
Yes 17  9.8

Peritoneal metastases 
No 163  94.2
Yes 9  5.2

Pulmonary metastases
 

No
 

138
 

79.8
Yes

 
35

 
20.2

Bony metastases

 

No

 
161

 
93.1

Yes

 

12

 

6.9

Ovarian metastases
No

 

167

 

96.5
Yes 6 3.5

TABLE IV: TUMOUR-NODE-METASTASIS STAGING OF
GASTRIC CARCINOMA (N=173)

Tumour-Node-Metastasis Staging Frequency Percentage

Tumor (T) Staging
 

T0

 
19

  
11

T1 and T2
 

17
  

9.8
T3
 

30
  

17.3
T4a

 
64

  
37

T4b 43  24.9

Lymph Node (N) Staging
 

N0 70   40.5
1-2 In 44   25.4
3-6 In 34   19.7
N3a 7-15 In

 
10

   
5.8

N3b more 
than 15

 

15
  

8.7

Metastatic (M) Staging
M0

 

97

  

56.1
M1 76 43.9



17classification using MDCT.  Another 
similar study reported that females 
were more likely to be classified with 
gastric carcinoma using MDCT with 

18respect to TNM classification system.  
However, Takeuchi et al reported no 
significant correlation between accuracy 
of MDCT and Gender (r=0.1, p=0.54), 

19age (r=0.2, p=0.54).

As per the findings of our study, the 
MDCT was effective for T Staging which 
is also supported by previously published 

2literature.  MDCT along with contrast 
filling evaluates the gastric carcinoma 

21and area of spread and tumor extent.  
Our study finds the MDCT to be of high 
diagnostic value which is also supported 

22-24by another studies.

LIMITATION

Since this present study was single 
centre study, so it limits the generali-
zability of result. A multi-centre study is 
therefore recommended along with 
comparison of other modalities used for 
said purpose.

CONCLUSION

Multi detector row computed tomo-
graphy plays an effective role in gastric 
carcinoma preoperative assessments 
and staging. Lymph node detection on 
MDCT can further be utilized for fine 
needle biopsies if required. TNM stage 
classification in gastric carcinoma is 
accurately done with MDCT. Further 
research is required on determining 
exact diagnostic accuracy of MDCT.
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