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Abstract 
Background: Preoperative diagnosis of peritoneal metastases (PM) is 
difficult in patients with gastric cancer (GC). 
Aims: To assess the accuracy of EUS in diagnosing ascites and its 
predictability for the presence of PM in GC patients. 
Subjects: Consecutive patients with newly diagnosed GC from 1998 to 2004 
were studied.   
Methods: All patients underwent EUS, US and CT scan for pre-operative 
staging and the presence of ascites. The results were compared with 
operative findings. The diagnosis of PM was confirmed by histopathology or 
peritoneal fluid cytology. 
Results: Total 301 patients were recruited and in 250 patients, the presence 
of ascites (n=93) and PM (n=71) could be confirmed. EUS was more sensitive 
(87.1%) then combined US and CT scan examinations (16.1%), and operative 
findings (laparoscopy or laparotomy) (40.9%) in diagnosing ascites. The 
sensitivity, specificity, positive and negative predictive values, and accuracy 
for predicting the presence of PM were 73%, 84%, 64%, 89% and 81% by 
EUS; 18%, 99%, 87%, 75% and 76% by combining US and CT scan, and 
77%, 94%, 83%, 91% and 89% by operative findings, respectively. In 
multivariate logistic-regression analysis, EUS detected ascites was the only 
significant independent predictor for the presence of PM (p < 0.001, O.R. 4.7, 
95% C. I. [2.0 – 11.2]). 
Conclusion: EUS is a sensitive method in diagnosing ascites, which is an 
important predictive factor for the presence of PM in GC patients. 
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Background 
 Gastric cancer (GC) is a common malignancy which carries a high 
mortality rate. The long term prognosis is closely related to the tumour stage 
at the time of presentation. Patients with tumour invading to the serosa have 
much worse outcome than those without.[1] Curative surgery is considered 
impossible if there are distant or peritoneal metastases (PM), which is found 
in 25-50% of patients with GC at presentation.[2] CT scan has limited 
resolution in defining different layers of the gastric wall and therefore was 
shown to be less accurate in the local staging of GC.[3][4][5]  In a study by 
Adachi et al., CT scan failed to detect 27% of PM and 45% of stage IV 
disease.[5]  US and CT scan were also shown to be poor in detecting PM.[4] 
[6] The role of PET scan in the diagnosis of PM is not well defined. From one 
study, it missed all four cases of PM [7] and in another study, PET could 
increase the detection rate of PM.[8] Also the examination is not widely 
available and is expensive. Radiologically it is difficult to identify peritoneal 
deposits, but the presence of ascites would suggest such a diagnosis.[9] 
However, in patients with GC, the best method for diagnosing ascites has yet 
to be determined and the predictive value of ascites for the presence of PM is 
unknown.  

Endoscopic ultrasonography (EUS) offers the best preoperative local 
GC staging with accuracies in T and N staging around 78% and 70%, 
respectively.[10] Although EUS is not suitable for diagnosing distant 
metastases, it may be more useful in detecting ascites due to the close 
proximity of echoendoscope to the peritoneum. 

The aims of the study were to assess the accuracy of EUS in 
diagnosing ascites and its predictability for the presence of PM during 
preoperative GC staging.  
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Patients and Methods 
Consecutive patients with adenocarcinoma of the stomach diagnosed 

in the Prince of Wales Hospital were prospectively recruited into the study 
since January 1998. All patients were studied preoperatively by EUS to 
determine the local tumour extent (T stage) and lymph node metastases (N 
stage). The staging classification was based on the 5th UICC TNM 
classification system published in 1997.[11] We used previously reported EUS 
criteria, namely sharply demarcated margin, round shape, homogeneous 
hypoechoic pattern and a size greater than 1cm to diagnose metastatic lymph 
node.[12] The EUS examination was performed under conscious sedation 
with the patient lying in the left lateral position. All procedures were performed 
or supervised by a single endosonographer (YTL). EUS study was performed 
with either GF-UM20 or GF-UM240 echoendoscope (Olympus, Tokyo, Japan) 
both were equipped with dual scanning frequencies of 7.5 and 12MHz. 
Ascites was diagnosed by anechoic space outside the GI tract under EUS 
scanning. Small amount of ascites is usually triangular in shape and the 
shape will change related to the peristalsis of bowel, the position and 
breathing of the patient. (Fig 1)  

Abdominal US examination of the upper abdomen and pelvis was 
performed to look for lymph node and liver metastases. Helical CT scan 
examination of the upper abdomen and pelvis was performed with 
intravenous and oral contrast enhancement if locally advanced disease or 
distant metastases were suspected. Ascites and PM were specifically 
searched during US and CT scan examinations. All the radiological 
investigations were performed by experienced radiologists. All the radiological 
and EUS investigations were interpreted by independent examiners who were 
blinded to the results of other imaging studies. 

Operations were offered to patients who had no distant metastases 
and were medically fit. Except for radiological T1 cancer, laparoscopy was 
first performed to look for any ascites and PM. Biopsy would be taken for 
frozen section if peritoneal deposits were suspected.(Figure 2) When ascites 
was detected during operation, a sample of ascitic fluid would be sent for 
cytological examination. If no gross metastasis or ascites was found, 
peritoneal washing with 200cc warm saline was performed and the washing 
was sent for cytological examination. In suitable patients, operation would 
proceed with the aim of curative resection or palliative procedure.  

Since CT scan and US might not be as sensitive as EUS in the 
diagnosis of ascites, they could not be used as the gold standard for the 
diagnosis of ascites. [13][14] Also tiny amount (as few as several milliliters) of 
ascites might not be detected during operation, a negative operative finding 
could not exclude the presence of ascites. The diagnosis of ascites was 
based on a combination of laparoscopic findings and characteristic US, CT 
scan, and EUS images as described above. Thus if a patient had ascites 
detected by either laparoscopy, US, CT scan or EUS, it was considered to be 
positive. The presence of PM was verified by histopathology or fluid cytology.  

The study protocol was approved by heads of all the departments 
concerned. Written informed consent for endoscopic examination and 
operation were obtained from the patients.  
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Statistics 
Sensitivity, specificity, positive predictive value (PPV), negative 

predictive value (NPV) and accuracy were calculated for EUS alone, US 
combined with CT scan, and operative (laparoscopy or laparotomy) findings 
for diagnosing ascites and PM. Chi-square test was used to calculate the 
association between the EUS diagnosed ascites and the T and N stages, 
tumour subtypes and differentiation. Factors that might predict the presence 
of PM were identified by univariate analysis. These variables were then 
entered into a stepwise, multiple logistic-regression analysis. Kaplan-Meier 
life-table analysis was used to estimate the survival curves and the 
differences were compared by the log-rank test. Prognosticate factors with 
statistically significance by univariate analysis were evaluated for prognostic 
usefulness by the multivariate analysis using Cox’s proportional hazards 
model. All tests of significance were two tailed with p value less than 0.05 
taken as statistical significance. 
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Results 
From January 1998 to January 2004, 301 consecutive GC patients 

were examined by EUS. In 60 patients, operations were not done due to 
advanced diseases (n=30), which included 8 patients with gross peritoneal 
deposits as demonstrated by EUS and 13 patients with liver metastases and 
bony metastases as demonstrated by CT scan, poor pre-morbid state (n=7), 
refusal of surgery (n=14) and presence of malignant cell in ascitic fluid 
obtained by paracentesis (n=9). Two hundred and forty-one patients had 
undergone laparoscopy or laparotomy in which T stages could be determined. 
Forty-nine patients had pT1, 41 had pT2, 111 had pT3 and 40 had pT4 cancer. 
The accuracies of EUS staging for pT1, pT2, pT3 and pT4 cancers were 88%, 
80%, 80% and 94%, respectively. In 32 patients, radical lymph node 
resections were not done due to the presence of advanced diseases. In 
another 31 patients, they were recruited into a neo-adjuvant chemotherapy 
programme after the laparoscopy, and gastrectomy was performed after 
completion of the cytotoxic treatment. Reliable N stages that could be used to 
compare with the EUS findings were available in 178 patients only. Seventy-
four patients had pN0, 35 had pN1, 41 had pN2 and 28 had pN3 disease. The 
accuracies of EUS staging for pN0, pN1, pN2 and pN3 diseases were 68%, 
72%, 78% and 86%, respectively. The study profile was summarized in Figure 
3. 

For studying the detection rate of ascites by US, CT, EUS and 
operative methods and its relationship with PM, a subgroup of 250 patients 
were used (241 patients had undergone operations and 9 patients had pre-
operative paracentesis showing positive malignant cells). There were 160 
males and 90 females with a mean age of 60.3±13.2 (range 32 – 88) years. 
Among them, 99 patients had CT scans and 231 patients had US done. A 
total of 93 patients (37.2%) had ascites documented by either US, CT scan, 
EUS or laparoscopic examination. EUS failed to diagnose ascites in two 
cases that were seen by US and CT scan. Laparoscopy or laparotomy 
diagnosed 10 patients with ascites that were missed by EUS, US and CT 
scan. The sensitivity in diagnosing ascites in this subgroup of GC patients 
were 87.1% (81/93) for EUS, 16.1% (15/93) for combining US (n=83) and CT 
scan (n=47), and 40.9% (38/93) for operative findings in best case scenario, 
respectively (assuming the 9 patients with positive malignant cells detected by 
paracentesis also underwent operation).(Table 1) 

 
Table 1: The correlation of the detection of ascites by EUS, US and CT scan, 
laparoscopy and laparotomy in GC patients with the presence of peritoneal 
metastases (PM).  
 EUS 

 (N = 250) 
USG/CT 
(N = 250) 

Laparoscopy / laparotomy  
(n = 250)* 

 Ascites (+) Ascites (-) Ascites (+) Ascites (-) Ascites (+) Ascites (-) 
PM +ve 52 19 13 58 27* 44 
PM –ve 29 150 2 177 11 168 
* Best case scenario – see text.  

 
 Among the 241 patients being operated, after completion of the 
radiological and EUS examinations, 202 (84%) patients underwent operation 
in less than 21 days (median 11 days). In 39 patients the operations were 
delayed for more than 3 weeks (22-52 days, median 28.5 days) due to various 
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reasons including optimization of medical conditions, patient’s indecision for 
surgery and the SARS outbreak. In 10 patients that had ascites being 
detected during surgery but not by EUS, CT, US, the delay in operation was 
from 1 to 14 days (median 9.5 days). 

Seventy-one (28.4%) patients were diagnosed to have PM, in which 44 
patients by peritoneal biopsies and 27 patients by peritoneal fluid cytology. 
The correlation of the finding of ascites with the presence of PM is 
summarized in Table 1. The sensitivity, specificity, PPV, NPV and accuracy in 
predicting the presence of PM by diagnosing ascites are 73%, 84%, 64%, 
89% and 81% for EUS; and are 18%, 99%, 87%, 75%, and 76% for 
combining US and CT scan examinations. In the 241 patients undergoing 
laparoscopy or laparotomy, the diagnosis of ascites and the relationship with 
PM were summarized in Table 1, 2 and 3.  

 
Table 2: The correlation of peritoneal metastases (PM) detected during 
operation (n=241) with the presence of ascites. 
 PM detected in the operative group (N=62) 
 Gross PM Only positive fluid cytology 
Ascites +ve 16 2 
Ascites –ve 28 16 
 

 
Table 3: The operative findings and its relationship with peritoneal metastases 
(PM). 
 Laparoscopy / laparotomy  (n = 250)* 
 Gross PM or ascites No PM or ascites 
PM +ve 55* 16 
PM –ve 11 168 
* Best case scenario – see text.  

 
Therefore, during laparoscopy or laparotomy, the sensitivity, specificity, 

PPV, NPV and accuracy in predicting the presence of PM by either biopsy of 
suspicious lesion or detecting ascites are 77%, 94%, 83%, 91% and 89%, 
respectively, in the best case scenario.(Table 3) There was no statistically 
significant difference between EUS and operative findings in the sensitivity 
(p=0.46), NPV (p=0.6) and accuracy (p=0.06) in predicting the presence of 
PM although operation had significantly better specificity (p<0.001) and PPV 
(p<0.001).  

In univariate analysis, advanced age, male gender, diffuse type and 
poorly differentiated adenocarcinoma, advanced T and N stages, ascites 
diagnosed by EUS were associated with the presence of PM. In multivariate 
logistic-regression analyses, only ascites diagnosed by EUS was 
independently associated with PM in pre-operative staging (p<0.001, O.R. 4.7, 
95% C. I. [2.0 – 11.2]). 

When EUS diagnosed ascites in patients with GC, it is associated with 
advanced T stages (p<0.001, OR 14.6, 95% C.I. 5.1-41.8) and presence of 
lymph node metastases (p<0.001, OR 24.4, 95% C. I. 5.7 – 104.9).(Table 4)  
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Table 4. The relationship of tumour T and N stages with the presence of 
ascites as detected by EUS.  
 T stage (n = 241) N stage (n = 178) 
 Early (T1-2) Advanced (T3-4) N0 Any N 
EUS ascites +  4 68 2 42 
EUS ascites –  78 91 72 62 
 

Also it is associated with diffuse type GC as compared with intestinal 
type or mixed type (p=0.003), and poorly differentiated GC as compared with 
well and moderately differentiated GC (p=0.004).(Table 5) 

 
Table 5. The relationship of tumour cell type and differentiation with the 
presence of ascites as detected by EUS. 
N=250 Diffuse Intestinal Mixed Well Mod Poor 
EUS ascites +  48 28 5 0 21 60 
EUS ascites -  62 95 12 15 58 96 

 
In Kaplan-Meier life-table analysis, the survival rate was poorer in 

patient with diffuse type, poorly differentiated GC (all p<0.05), advanced T and 
N stage, and the presence of PM (all p<0.001). In multivariate analysis using 
Cox’ hazard proportional model, it showed advanced T and N stages and the 
presence of PM (all p<0.001) were the significant prognostic predictor (all 
p<0.001). 
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Discussion  
 The presence of PM in patients with GC precludes curative surgical 
treatment and hence early diagnosis will spare patients from unnecessary 
laparotomy. In the past pre-operative diagnosis of PM was difficult and in 
most cases, it was inferred by the finding of ascites on US or CT.[9] While the 
presence of ascites in a patient with GC may serve as an important marker to 
predict the presence of PM, the best method to detect small volume ascites 
has yet to be defined.[15] [16] Although abdominal US can detect as little as 
10ml of intra-abdominal fluid,[17] it usually requires the accumulation of 
several hundred milliliters of fluid before ascites can be detected.[15] On the 
other hand, CT scan may have the advantage for the diagnosis of ascites 
loculated in the central abdomen, and transvaginal US in detecting fluid in the 
Douglas’ pouch.[18]  

Recently EUS has been introduced as a sensitive imaging modalities 
for ascites associated with GI malignancies.  From previous studies, it has 
been shown that EUS is superior to CT scan in detecting ascites.[13] [14] 
Canto et al. studied 163 patients who underwent EUS examinations for 
various malignancies, ascites was detected in 13.5% of the patients. Among 
15 GC patients, 40% had ascites detected. CT missed 68% of all cases of 
ascites in that series.[13] Nguyen et al. found that ascites was present in 15% 
of 518 patients who underwent EUS examinations for various indications. 
Only 17% of the patients with ascites were detected by CT scan.[14] Chen et 
al. retrospectively analyzed the staging results of 57 GC patients and found 
that both the sensitivity and specificity for EUS in detecting ascites were 
100%.[19] In the current study, 37.2% of a subgroup of 250 GC patients had 
ascites detected. EUS is significantly more sensitive than US, CT scan, 
laparoscopy or laparotomy in the detection of ascites, which in the majority of 
cases, manifested as a trace amount of fluid outside the GI tract. In another 
study on a large cohort of GC patient by Chu et al., however, relatively less 
patients were found to have sonographic evidence of ascites (9%), the 
sensitivity was also low (60.7%). It may be due to the use of miniprobe, which 
had a lower penetration depth, for examination. Therefore, small amount of 
ascites outside a large tumour might not be visualized.[20] 

In the current study, we have confirmed our early report that the 
detection of ascites by EUS in patients with GC was significantly associated 
with PM.[21] This findings was supported by other studies.[13] [20] Chen et al. 
however showed no association between ascites as diagnosed by EUS with 
the presence of PM.[19] It may be due to the retrospective nature of the study, 
in which small amount of ascites could be missed if not carefully sought. Also 
peritoneal lavage was not performed during operation which again lowered 
the yield for PM detection. In the current study, gross PM was seen in 44 
patients during laparoscopy and in 18 patients the diagnosis was made by 
peritoneal fluid cytology. Although we did not perform additional peritoneal 
lavage in patients with ascites detected during operation, which might further 
increase the yield in 11 patients (table 1), it would not significantly affect the 
result of EUS in diagnosing PM even if all the patients turned out to have PM 
(the accuracy for EUS decreased from 81% to 79% and for operation 
increased from 89% to 94%). The presence of a positive peritoneal cytology is 
associated with poor long term prognosis.[22][23][24] By performing detailed 
search of the upper GI tract during EUS examination and peritoneal lavage 
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during operation, we confirmed that EUS, as a non-operative staging 
technique, is comparable to operative staging technique in predicting the 
presence of PM.  

The debate of whether this small amount of intra-abdominal fluid is 
physiological or an early sign of PM which could only be detected by EUS is 
yet to be resolved.[14] The normal peritoneal cavity contains a small amount 
of serous fluid, less than 100 ml for lubrication.[16] However, it is uncommon 
to detect this small amount of fluid during daily EUS examination except in 
patients with underlying cardiac, renal or liver diseases. Although 70 (28%) 
patients in our study group were suffering from co-existing cardiac, renal or 
liver diseases when having the EUS examination, only 14 patients were found 
to have ascites: 6 were true positive and 8 were false positive for PM. If we 
excluded these 14 patients, the sensitivity, specificity, PPV, NPV and 
accuracy for EUS in predicting PM are 71%, 88%, 69%, 89% and 83% as 
compared with 73%, 84%, 64%, 89% and 81% when all the patients are 
included. The difference is small. From clinical point of view, we could not 
exactly know which, the tumour disease or the co-morbidities, causes the 
ascites if it is detected. Therefore, to avoid selection bias, we did not exclude 
these patients. However, when ascites is detected in these patients, the result 
should be interpreted with care. In a retrospective analysis of 571 patients 
having EUS for various indications, Nguyen et al. found ascites in 85 patients, 
and only 22% of them had ascites progressed to clinically detectable level 
during follow-up.[14] In Canto et al. study, the presence of ascites during 
staging investigation for various malignancies was found to be an 
independent predictor for PM.[13] The development of ascites in patient with 
intra-abdominal cancer is due to peritoneal inflammatory response as a 
reaction to the transcelomic metastasis. In our study, among the 71 patients 
who were confirmed to have PM, only 16 (22.5%) patients were not 
associated with ascites. Therefore, the presence of ascites in a patient with 
GC should alert the clinician the possibility of underlying PM. 

While EUS-guided fine needle aspiration of the ascites is feasible,[14] it 
was not routinely done since most of the ascites was next to the tumour and 
passing a needle through the tumour may give rise to a false positive result 
and increase the chance of peritoneal seeding; only when the fluid is away 
from the tumour site, we would perform EUS-FNA to sample the fluid. When 
there was large amount of ascites present, we would perform percutaneous 
paracentesis before operation.  

The management of GC depends on proper staging. In patients with 
advanced disease or peritoneal seeding, neoadjuvant therapy or 
intraperitoneal chemotherapy may be deemed necessary for selected 
patients.[25][26] A routine use of laparoscopic examination before laparotomy 
to exclude intra-abdominal metastases was also proposed which, however, 
may increase the workload and strain of the scarce resources.[27] From the 
current and previous studies, EUS is accurate in local T and N stagings,[3] [10] 
[28] have significant prognostic value, and is as sensitive and accurate as 
laparoscopic examination in predicting the presence of PM. Although a 
positive EUS finding of ascites along (PPV 64% for PM) could not exclude the 
patient from receiving potentially curative operation, we propose the use of 
EUS to triage patients who had not found to have distant metastases. In 
patients with ascites diagnosed by EUS, a laparoscopy plus laparoscopic 
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lavage should be performed prior to laparotomy;[29] for those without ascites 
being detected by EUS (NPV 89% for PM), the surgeon could directly proceed 
to laparotomy and gastric resection.   

Despite the superiority of EUS in assessing local staging, detecting 
ascites and predicting the presence of PM, EUS may not replace US and CT 
scan in pre-operative GC staging since EUS is not sensitive enough in 
diagnosing liver and distant metastases.[30] Secondly, EUS could only detect 
ascites that is located in the upper abdomen. Fluid in the lower abdomen and 
Douglas’ pouch may be missed. Addition of a transvaginal or transrectal US 
examination to EUS may be a more effective way for detecting the presence 
of ascites.[18] Finally, in the presence of obstructing tumour, the sensitivity of 
the EUS may be affected.    
 In summary, EUS is a highly sensitive method in detecting ascites even 
if it is only trace in amount. In GC patients, the detection of ascites by EUS is 
predictive for the presence of PM, which implies guarded long-term prognosis.   
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Figure legends: 
 
Figure 1. Small amount of ascites (arrow) detected under the right lobe of liver 
in patient with circumferential tumour in gastric body. 
 
Figure 2. Peritoneal metastases (arrow) was detected by laparoscopy.  
 
Figure 3. Study profile 
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