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INTRODUCTION

Peritoneal carcinomatosis (PC) is defined as a metastatic 
involvement of the peritoneum by several other primary sites 
and it is characterized by a marked worsening of prognosis 
with limited treatment opportunities.1,2 Its detection can be 
challenging since it carries a variable presentation such as 
minimal thickening of the omental folds as well as solid mass-
es or nodular deposits on the peritoneal surface in association 
with ascites in half of the cases.3 Due to the poor outcomes of 

these patients, it is mandatory to rule out PC changes before 
performing any invasive treatment modality. The routine 
modalities of cross-sectional imaging, such as computed to-
mography (CT) and magnetic resonance imaging, although 
very accurate for tumor staging, present low sensitivity in PC 
detection.3 Moreover, serous effusion cytology has high spec-
ificity and positive predictive value but modest sensitivity and 
negative predictive value.4 Therefore, in cases of suspected PC, 
diagnostic laparoscopy is highly recommended because of the 
possibility of histologic characterization and primary lesion 
identification. 

Endoscopic ultrasound (EUS) is currently considered a safe 
and effective alternative to laparoscopy for ascites detection 
and the PC work-up.5 Because of its proximity to the peritone-
al cavity, EUS demonstrated high resolution and accuracy at 
detecting hyperechoic lesions surrounded by anechoic ascites 
and sample capability for the lesions and the liquid.5 Recent 
studies reported progression to a more advanced disease stage 
in up to 34% of cases.6 A through-the-needle micro-biopsy 
forceps (MF) (MorayTM; US Endoscopy, Mentor, OH, USA) 
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was recently introduced that enables a micro-histological 
evaluation in addition to standard cytological assessment. The 
published preliminary experience focused on the usefulness 
of this novel device on the differential diagnosis of pancreatic 
cysts, reporting a clinical success rate of 71–83%.7,8 Further-
more, this device showed higher sensitivity than cyst fluid 
analysis in distinguishing mucinous and non-mucinous cysts,9 
improving the diagnostic yield with macroscopically visible 
specimen.10 

In this case series, we evaluated the feasibility of MF in the 
diagnostic assessment of PC for completing the diagnostic 
work-up.

CASE REPORT

We enrolled five consecutive patients with clinically suspi-
cious malignancy and uncertain PC status at the time of the 
CT scan who underwent EUS staging and tissue sampling in 
our center. The mean age was 74 years. CT revealed the pres-
ence of a primitive tumor in three cases and PC only in two 
cases. The patients’ clinical characteristics are outlined in Table 1.

All procedures were performed by expert endosonogra-

Table 1. Patients’ Clinical Characteristics

Case Sex Age (yr) Evidence of neoplasia at CT scan PC at CT scan Ascitis at CT scan

1 M 75 Pancreatic mass No No

2 F 64 Ovarian mass Yes Yes

3 F 77 Pancreatic mass No Yes

4 F 64 No Yes No

5 M 89 Gastric wall thickening Yes Yes

CT, computed tomography; PC, peritoneal carcinomatosis.

Fig. 1. Endoscopic ultrasound evaluation of a suspicious peritoneal thicken-
ing.

Fig. 2. Endoscopic ultrasound view of MorayTM (US Endoscopy, Mentor, OH, 
USA) forceps introduced through a 19G needle for tissue sampling of a sus-
pected peritoneal nodule.

phers using a therapeutic linear echoendoscope under the cov-
er of periprocedural antibiotics. After a comprehensive EUS 
evaluation, ascitic fluid was collected using a 19G fine-needle 
aspiration (FNA) needle (ExpectTM Slimline; Boston Scientific, 
Marlborough, MA, USA) passed through the transgastric or 
transduodenal route until the tip was within the ascites. Before 
liquid suction, the MF was inserted through-the-needle and 
the suspected carcinomatosis nodule/peritoneal thickness was 
sampled (Figs 1, 2). This route should avoid any other diseased 
tissue or organ (e.g., diseased area in gastric cancer) to avoid 
contamination or misdiagnosis.10 MF has a sheath diameter of 
0.8 mm and a jaw opening of 4.3 mm (Fig. 3). Micro-histology 
specimens were collected in formalin, stained with standard 
hematoxylin and eosin (Fig. 4) and evaluated by dedicated pa-
thologists. Supplementary immunohistochemical staining was 
also used when needed. Ascitic fluid was collected for cytolog-
ical analysis.

Care was taken to avoid any intervening vessels or area in-
volved by malignancy to avoid contamination of the sample 
and peritoneal seeding.11,12 Patient demographics, EUS find-
ings, technical success, ascitic fluid analysis, MF sample qual-
ity, histopathological results, and adverse events are shown in 
Table 2.
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Table 2. Results of Pertitoneal Carcinomatosis Sampling by Micro-Biopsy Forceps 

Case Histological diagnosis of the 
primary tumor Moray on PC Diagnosis at MF Immunohistochemical 

stains at MF
Adverse 
events

1 PDAC Diagnostic Pancreatic adenocarcinoma Ber-EP4 None

2 - Diagnostic Ovarian adenocarcinoma Ber-EP4, PAX8 None

3 PDAC Diagnostic Pancreatic adenocarcinoma Ber-EP4 None

4 Lobular carcinoma of the breast Diagnostic Breast cancer Ber-EP4, GATA3 None

5 Gastric adenocarcinoma Diagnostic Gastric adenocarcinoma Ber-EP4 None

PC, peritoneal carcinomatosis; MF, MorayTM (US Endoscopy, Mentor, OH, USA) Forceps; PDAC, pancreatic ductal adenocarcinoma.

Fig. 3. MorayTM (US Endoscopy, Mentor, OH, USA) forceps.

In all patients, EUS revealed the presence of ascites with sus-
picious peritoneal nodules that were sampled with MF. Ascitic 
fluid was also collected for cytological analysis.

Patients 1 and 3 also showed a pancreatic mass that was 
subjected to EUS-guided fine-needle biopsy (FNB) with a sub-
sequent histological diagnosis of pancreatic ductal adenocar-
cinoma. Patient 2 had a left ovarian mass that was highly sug-
gestive of malignancy on the CT scan. Patient 4 had a history 
of breast carcinoma; in patient 5, a CT scan showed thickening 
of the gastric wall, suggestive of neoplasia, which was sampled 
during EUS procedure and subsequently confirmed histologi-
cally.

Fig. 4. Hematoxylin and eosin staining (original magnification ×400) of a 
nodule of peritoneal carcinomatosis sampled using of MorayTM (US Endoscopy, 
Mentor, OH, USA) forceps. The specimen consists of a small tissue fragment 
covered by pleomorphic cells with a glandular arrangement. The final diagnosis 
was adenocarcinoma of gastric origin. 

Fig. 5. Ber-EP4 nicely identifies malignant epithelial cells, allowing their dis-
tinction from reactive mesothelium (original magnification ×400).
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The technique using this through-the-needle device was fea-
sible and safe with a technical success rate of 100%. In fact, in 
every case, it enabled the collection of small tissue fragments 
suitable for histological and immunohistochemical evaluation 
(Figs 4 and 5). 

All MF biopsies were diagnostic of PC: the epithelial nature 
of the malignant cells was confirmed with Ber-EP4 antibody 
and, in two cases (patient 2 and patient 4), additional immu-
nohistochemical stains, PAX8 and GATA3, confirmed the 
clinically suspicious ovarian and breast origins, respectively.

Ascitic fluid cytology revealed the presence of malignant 
cells in all cases, but given the presence of diagnostic MF 
biopsies, immunohistochemistry was not performed on the 
cytological material. In fact, immunohistochemical stains are 
preferentially performed on histological material because of 
better technical results and because serial sections permit a 
more precise evaluation of results.

No adverse events were reported during or after the proce-
dure in any case.

DISCUSSION

PC is a critical condition with variable presentations char-
acterized by poor prognosis and limited treatment options. 
Despite the use of different diagnostic modalities, including 
cross-sectional imaging techniques, explorative diagnostic lap-
aroscopy, and EUS, it may still be misdiagnosed. This may lead 
to the wrong therapeutic pathway, such as resection, without 
the finality of radical intervention (R0). A prompt and correct 
PC characterization is mandatory for patients with neoplastic 
diseases. The recent availability of a through-the-needle MF 
overcomes the pitfalls in cytology sampling in several disease 
work-ups, thus improving the EUS diagnostic yield. Its use 
has been largely evaluated in the setting of pancreatic cystic le-
sions, with two recent meta-analyses confirming that through-
the-needle biopsy (TTNB) using MF represents a feasible 
technique with a high rate of obtaining high-quality specimens 
for histological assessment.13,14 The first study of 490 patients 
demonstrated a pooled diagnostic accuracy rate, sensitivity 
and specificity of TTNB of 78.8%, 82.2%, and 96.8%, respec-
tively, with a mean of three passes needed to obtain adequate 
histological samples.13 In the second meta-analysis of 460 
patients, the technical success rate was 98.5%, histological ac-
curacy rate was 86.7%, and adverse event rate was 8.6%.14

Moreover, a study conducted by Crinò et al.15 among 61 
patients demonstrated that two visible samples reached 100% 
histologic adequacy to allow differentiation between muci-
nous and non-mucinous cysts to obtain a cyst-lining epithe-

lium, define the grade of dysplasia, and diagnose the specific 
histotype of the cysts. Nevertheless, the diagnostic reliability of 
TTNB sampling versus surgical histology was 90%.

Moreover, the inter-observer agreement among pathologists 
seems to be very close to perfect, especially regarding the spec-
imen adequacy and the grading of epithelial dysplasia.16

Finally, gastric cancer and pancreatic cancer with PC are 
most likely accompanied by lymph node metastasis; therefore, 
it is more likely that EUS-FNA/FNB from the lymph nodes or 
the primary nodule will be better for sampling. However, in 
our series, we would like to highlight that 1) the performance 
of EUS-FNA depends on many factors, including the location, 
size, and characteristics of the target lesion, that could make 
the sampling of peritoneal nodules easier; 2) despite the high 
sensitivity (94%) and specificity (98%) of nodal sampling, as 
shown in a recent meta-analysis,17 peritoneal sampling may be 
a reliable and safe alternative to lymph node sampling in cases 
of PC of unknown origin; and 3) the certainty of the diagnosis 
of a primary tumor in the presence of PC obtained through 
peritoneal sampling represents a further instrument to com-
plete the staging of the primary tumor and define its progno-
sis, thus defining the biological aggressiveness of the tumor 
itself.

To our knowledge, only one case report using MF for the 
assessment of peritoneal nodules has been reported to date, 
although in that case, a diagnosis of primary peritoneal serous 
carcinoma was made.18 In our case series, the technique using 
this through-the-needle device was feasible with a technical 
success rate of 100%, as well as it was considered safe since no 
adverse events occurred. It permitted sampling of the peri-
toneal irregularity, the obtaining of high-quality tissue frag-
ments in all cases, and enabling additional assessments such 
as immunohistochemical staining. Furthermore, this device 
allowed us to clarify the diagnosis of the neoplastic disease, 
improving the staging work-up in patients with PC not seen 
at other cross-sectional imaging modalities and characterizing 
the primary tumor in patients with ascites of unknown origin. 
Moreover, as serous fluid cytology has modest sensitivity,4 MF 
biopsies of peritoneal nodules or irregularities can be a valu-
able adjunctive tool to enable a more precise diagnosis.

In conclusion, EUS represents an excellent tool for the 
detection of small amounts of ascites, while EUS paracente-
sis may help in the diagnosis of PC. TTNB from peritoneal 
nodules using MF seems to have a good yield for the diag-
nosis of PC, but other causes of peritoneal nodules such as 
tuberculosis, pseudomyxoma, or lymphoma may also be 
identified.5,6,11,19,20 However, further prospective studies are 
needed with a comparative analysis versus other well-known 
diagnostic techniques to clarify if EUS with TTNB using MF, 
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in conjunction with ascitic fluid cytology, may become a stan-
dard tool in the diagnosis of PC.
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