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histological examination can be obtained by EUS-guided 
FNA. This technique is mainly useful for the diagnosis of 
different types of pancreatic tumours and evaluation of 
benign diseases.
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INTRODUCTION
Differential diagnosis of  pancreatic masses is a frequent 
clinical challenge. Therapeutic decision in this context is 
mainly based on the ability to establish or exclude ma-
lignancy[1]. Although ductal adenocarcinoma is the most 
frequent cause of  pancreatic masses, other neoplasms (e.g. 
lymphoma, cystic tumours) and benign conditions (e.g. 
chronic pancreatitis) with different prognoses and treat-
ment options can arise within the pancreas. A histological 
diagnosis becomes therefore highly relevant for an optimal 
therapeutic decision[2].

Endoscopic ultrasound (EUS)-guided fine needle as-
piration (FNA) has been proved to be a safe and useful 
method for tissue sampling of  intramural and extramural 
gastrointestinal lesions including the pancreas[3,4]. Cytologi-
cal study of  the materials obtained by FNA allows the 
evaluation of  cellular findings suggestive of  malignancy, 
such as anisonucleosis, nuclear membrane irregularity and 
nuclear enlargement. Unfortunately, inflammation causes a 
reactive and regenerative process leading to cellular chang-
es that can be difficult to distinguish from well-differenti-
ated neoplasias. Histological study of  tissue samples allows 
the assessment of  tissue architecture and cell morphology, 
as well as the performance of  immunohistochemical analy-
sis[5,6], thus usually providing with a higher diagnostic accu-
racy than cytology. 

Retrieving pancreatic tissue fragments with different 
EUS-guided techniques has been explored. In this context, 
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Abstract
AIM: To evaluate the diagnostic accuracy of histologi-
cal evaluation of pancreatic tissue samples obtained by 
a modified method for recovering and processing the 
endoscopic ultrasound (EUS)-guided fine needle aspira-
tion (FNA) material in the differential diagnosis of pan-
creatic solid masses. 

METHODS: Sixty-two consecutive patients with pan-
creatic masses were prospectively studied. EUS was 
performed by the linear scanning Pentax FG-38UX ech-
oendoscope. Three FNAs (22G needle) were carried out 
during each procedure. The materials obtained with first 
and second punctures were processed for cytological 
study. Materials of the third puncture were recovered 
into 10% formol solution by careful injection of saline so-
lution through the needle, and processed for histological 
study.

RESULTS: Length of the core specimen obtained for his-
tological analysis was 6.5 ± 5.3 mm (range 1-22 mm). 
Cytological and histological samples were considered as 
adequate in 51 (82.3%) and 52 cases (83.9%), respec-
tively. Overall sensitivity of both pancreatic cytology and 
histology for diagnosis of malignancy was 68.4%. Con-
trary to cytology, histology was able to diagnose tumours 
other than adenocarcinomas, and all cases of inflamma-
tory masses. Combination of cytology and histology al-
lowed obtaining an adequate sample in 56 cases (90.3%), 
with a global sensitivity of 84.21%, specificity of 100% 
and an overall accuracy of 90.32%. The complication 
rate was 1.6%. 

CONCLUSION: Adequate pancreatic core specimens for 
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needles of  different diameters and trucut needles have 
been used with variable success and complication rates[7-11].

The aim of  the present study was to evaluate the diag-
nostic accuracy of  the histological evaluation of  pancreatic 
tissue samples obtained by a modified method for recover-
ing and processing the EUS-guided FNA material in the 
differential diagnosis of  pancreatic solid masses.

MATERIALS AND METHODS
Subjects
Sixty-two consecutive patients (mean age 57 years, range 
20 to 83 years, 35 males and 27 females), who underwent 
an EUS-guided FNA for the evaluation of  solid pancreatic 
masses were prospectively included in the study over a 
two-years period. 

Methods
In addition to abdominal ultrasound, all patients had a 
previous evaluation of  the pancreatic mass by CT scan. 
Lesions were located in the head of  the pancreas in 45 
cases, in the body in 15 cases, and in the tail in two cases. 
Once the corresponding signed informed consent was 
obtained, EUS was performed under conscious sedation 
by a single operator (JIG). A standard blood coagulation 
analysis was performed before EUS-guided FNA, and 
an uncorrectable coagulation profile (prothrombin time 
< 60%) was considered as a contraindication for the 
procedure. 

EUS was performed using a convex array echoendo-
scope (Pentax FG-38UX®), connected to an ultrasound 
equipment Hitachi-E6000®. FNA was performed with a 
standard 22-gauge needle (Sonotip Ⅱ®, Mediglobe, Ger-
many). This needle is equipped with a round nitinol stylet 
covered by a 118 cm protective metal spiral coil sheath. 
The needle can be advanced up to 8.5 cm from the spiral 
sheath. The target lesion was endosonographically visual-
ized and the region was scanned for vessels using colour 
and pulsed Doppler. FNA was performed from the duode-
num or the stomach according to the location of  the lesion 
in the head or the body/tail of  the pancreas, respectively. 
Before puncture, the stylet was withdrawn several millime-
ters, thereby exposing the sharp needle tip. The needle was 
then advanced into the target tissue under endosonograph-
ic guidance (Figure 1). Once the lesion was penetrated, the 
stylet was advanced to the original position to “unplug” 
the needle, and to push out any potentially needle-clogging 
tissue or body fluids. The stylet was then removed and 
suction was applied using a 5 mL syringe while moving the 
needle to and fro within the lesion. Suction was released 
before removing the needle. This procedure was repeated 
three times and the material obtained was recovered as fol-
lows: (1) The samples obtained after the first and second 
punctures were expelled on microscope slides by pushing 
the needle stylet and injecting air through the needle. The 
material was then spread on the slides, fixed in 96% etha-
nol and processed for cytological study by Papanicolau 
staining (Figure 2). Cytology samples were evaluated for 
cellular preservation, background substance, cellularity, 
architectural integrity, and cytoplasmic and nuclear details. 
Cytology diagnoses were categorized into non-diagnostic, 

negative for malignancy, and positive for malignancy, 
based on published criteria[12]. (2) Samples obtained after 
the third puncture were recovered into a tube containing 
a 10% formol solution by injecting 2 ml of  saline solution 
through the needle (Figure 3). Samples were then embed-
ded in paraffin. Tissue sections of  3 to 4 µm were stained 
by the classical haematoxylin-eosin technique for morpho-
logical evaluation. The sample was considered adequate if  
a coherent core tissue specimen from the target lesion was 
obtained (Figure 4).

No pathologist was present in the endoscopy room 
during the procedure. Samples were initially processed 
by the endoscopist, who was specifically trained with this 
aim by pathologists. Thus, no microscopic evaluation 
of  sample adequacy was performed at that time. Two 
experienced pathologists examined both cytological smears 
and histological specimens. Cytological and histological 
findings were compared with the surgical specimen as 
gold standards in patients who were further operated 
upon. In non-operated patients, a clinical, morphological 
(EUS and CT scan) and biochemical evaluation (including 
serum levels of  Ca 19.9) over a minimum follow-up 

Figure 1  Endoscopic ultrasound image of a mass in the body of the pancreas. 
Fine needle aspiration of the mass (White arrow: pancreatic mass; Dotted arrow: 
FNA needle).

Figure 2  Cytological evaluation of a pancreatic sample obtained by EUS-guided 
FNA. The presence of marked cellular atypia (arrows) supports the diagnosis of 
adenocarcinoma of the pancreas (Papanicolau staining × 40).
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of  at least 6 mo was considered as gold standards. The 
criteria for establishing a benign course of  disease were 
thus a subjective well-being, absence of  weight loss, no 
progression of  the disease on imaging studies and no 
elevation of  serum tumour markers.

Statistical analysis
Sensitivity, specificity, overall accuracy and positive 
and negative predictive values for malignancy were 
calculated. Data from histology and cytology are shown as 
percentages and 95% confidence intervals and compared 
by the Fisher’s exact test. P < 0.05 was considered as 
significant. 

RESULTS
Pancreatic masses were secondary to a malignant condi-
tion in 38 cases (61.3%), and to benign diseases in 24 cases 
(38.7%). Distribution of  patients according to the final 
diagnosis based on the gold standards is shown in Table 
1. A total of  27 patients underwent surgery, including 20 
pancreatic adenocarcinomas, one patient with an endocrine 
tumour, and 6 patients with an inflammatory mass related 
to a chronic pancreatitis. The remaining 35 patients were 
followed up for a median of  10 mo (range 6-20 mo).

The length of  the core specimen obtained for histolog-

ical analysis was 6.5 ± 5.3 mm (range 1-22 mm). Cytologi-
cal and histological samples were considered as adequate 
in 51 (82.3%, 95% CI, 71.0%-89.8%) and 52 cases (83.9%, 
95% CI, 72.8%-91.0%), respectively (not significant). Glo-
bal sensitivity of  both pancreatic cytology and histology 
for diagnosis of  malignancy was 68.4% (52.5%-80.9%). 

Diagnostic accuracy of  both techniques in cases of  ad-
equate sample is shown in Table 2. In this context, histol-
ogy tended to be more sensitive and accurate, and showed 
a significantly higher negative predictive value for malig-
nancy than cytology.

Histological evaluation provided a correct diagnosis 
in all 24 cases of  inflammatory masses, compared with 17 
cases correctly classified by cytology (Table 1). Although 
both techniques were similarly sensitive for the diagnosis 
of  pancreatic adenocarcinomas, histology was the only 
one able to diagnose other tumours like lymphomas, endo-
crine tumours and small cell lung cancer metastasis (Table 
1). The combination of  cytology and histology allowed 
obtaining an adequate sample in 56 cases (90.3%, 95% CI, 
80.4%-95.5%), and a correct diagnosis in all 24 cases of  in-
flammatory masses and 32 cases of  pancreatic malignancy 
(Table 1). Thus, the global sensitivity of  EUS-guided FNA 
was 84.21% (95% CI, 69.6%-92.6%), specificity of  100% 
(95% CI, 86.2%-100%), and overall accuracy of  90.32% 
(95% CI, 80.4%-95.5%). 

The complication rate of  the procedure was 1.6%, 
and only one case of  mild acute pancreatitis that resolved 
within three days of  conservative treatment was observed. 
No patient died because of  the procedure.

Table 1  Distribution of patients according to the final diagnosis 
and number of patients correctly diagnosed by cytological and 
histological evaluation of samples obtained by EUS-guided FNA

Final diagnosis  n
Correct
diagnosis
by cytology

Correct 
diagnosis
by histology

Correct diagnosis
by both cytology
and histology

Adenocarcinoma 33 24 21 27
Anaplastic carcinoma   1   1   1   1
Small cell lung cancer   1   0   1   1
Squamous cell carcinoma   1   1   1   1
B cell lymphoma   1   0   1   1
Endocrine carcinoma   1   0   1   1
Inflammatory process 24 17 24 24
Total 62 42 55 56

Table 2  Accuracy of EUS-guided FNA for detection of 
malignancy in pancreatic solid masses in cases of adequate FNA 
sampling (95% CI)

NS: not significant. aP < 0.05 vs cytology.

Cytology     Histology P

Sensitivity 76.5% (60.0-87.6) 92.85% (77.3-98.0) 0.097
Specificity  100% (81.6-100)    100% (86.2-100) NS
Negative predictive value 68.0% (48.4-82.8)   92.3% (75.9-97.9)a < 0.05
Positive predictive value  100% (87.1-100)    100% (87.1-100) NS
Overall accuracy 84.3% (72.0-91.8)   96.1% (87.0-98.9) 0.05

Figure 3  Core of pancreatic tissue obtained by expelling the content of the needle 
into a tube with 10% formol solution by careful injection of saline solution after 
EUS-guided FNA.

Figure 4  Adenocarcinoma of the pancreas. Histological study of the tissue sample 
obtained by EUS-guided FNA (HE × 5).
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DISCUSSION
Recovery of  pancreatic EUS-guided FNA specimen into a 
10% formol solution by careful injection of  saline through 
the needle allows obtaining an adequate tissue sample for 
histological diagnosis of  pancreatic masses in most cases. 
Compared to cytology, histology provides a significantly 
higher negative predictive value for malignancy, and tends 
to be more accurate. In addition, tumours other than 
adenocarcinomas are more easily diagnosed by histology.

Several studies have evaluated the accuracy of  cytology 
after EUS-guided FNA for the diagnostic assessment of  
pancreatic masses. According to those reports, an adequate 
cytological specimen can be obtained in 82% to 91% of  
cases, with a sensitivity for malignancy ranging from 64% 
to 96%[13-25]. In our series, the sensitivity of  cytology for 
the diagnosis of  malignancy was 68.4%, which improved 
up to 76.5% when only adequate samples were considered, 
similar to the previous report. 

In previous studies showing high diagnostic yields of  
cytology, 3 to 6 needle passes through the lesion[16-23,26] and 
on-site evaluation of  the FNA sample adequacy by a cy-
topathologist[10,27-29] was considered essential. We were able 
to obtain an adequate sample in 90% of  cases by perform-
ing three passes, two for cytological evaluation and one for 
histological evaluation. 

Compared to cytology, histological evaluation of  a tis-
sue sample seems to have several advantages, such as a bet-
ter distinction between well-differentiated adenocarcinoma 
and chronic pancreatitis, an appropriate cellular subtyping 
and architectural analysis for the diagnosis of  tumours 
(i.e. lymphoma), as well as the possibility of  using special 
stains[5,6]. In our series, obtaining a core specimen for his-
tological evaluation allowed us to categorize malignant le-
sions that, although rare, were impossible to be diagnosed 
by cytology (i.e., pancreatic lymphomas, small cell lung 
cancer metastasis and endocrine carcinomas). Histologi-
cal analyses were also able to properly diagnose benign 
pancreatic lesions in all patients. However, we had difficul-
ties in acquisition of  adequate samples from pancreatic 
adenocarcinomas, which might be explained by the tissue 
features of  this solid tumour, characterized by infiltrat-
ing duct-like and tubular structures embedded in a highly 
desmoplastic stroma[30]. 

Different needles and different needle diameters have 
been evaluated to obtain core tissue specimens for his-
topathological analysis[7-11]. Binmoeller et al[7] were able to 
obtain adequate tissue core specimens in 40 out of  45 
patients with pancreatic masses using an 18-gauge needle. 
Despite that, the sensitivity for detection of  a malignancy 
was only 53%[7]. In a more recent retrospective study, 
Levy et al[9] reported an accuracy of  85% for the diagnosis 
of  different pancreatic and non-pancreatic lesions using 
a 19-gauge trucut needle, compared to a 60% accuracy 
achieved by the standard fine needle aspiration technique. 
Varadarajulu et al[10] compared a 19-gauge trucut needle 
with the standard 22-gauge needle with fine needle aspira-
tion, and no difference in the diagnostic accuracy between 
both techniques was found (78% vs 89%). The diagnostic 
yield of  the trucut needle biopsy is strongly limited to le-
sions located in the head of  the pancreas[11]. This is due to 
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the impossibility to reach within the duodenum the degree 
of  deflection of  the echoendoscope tip required to bring 
the target lesion to an adequate position for puncture. 
Larghi et al[11], despite performing trucut needle biopsy 
only in lesions accessible for the transgastric approach, 
were able to obtain materials in only 74% of  cases, with 
an overall diagnostic accuracy of  61%. Contrary to these, 
the method described in the present study allowed us to 
achieve a high diagnostic accuracy for pancreatic masses 
located both in the head and in the body and tail of  the 
pancreas. 

Despite the advantages of  obtaining tissue core speci-
mens for histological analysis, two cases in our series of  
malignant pancreatic masses were only detected by cytol-
ogy. This strongly argues in favour of  obtaining specimens 
for both cytological and histological evaluation. Similar 
data were reported by other authors[7,9]. In fact, this ap-
proach allowed obtaining an adequate sample (either for 
histology and/or cytology) in 90.3% of  cases, with an 
overall diagnostic accuracy for a malignancy as high as of  
90.3%.

EUS-guided biopsy of  the pancreas is a safe tech-
nique[31,32], with a slightly higher complication rate related 
to the use of  trucut needles[10]. In fact, the risk of  pan-
creatitis and bleeding has been reported to be higher with 
trucut needles than with the standard FNA needles[10], even 
though this was not confirmed by other authors[7,11]. A 
case of  mild acute pancreatitis was the only complication 
observed in the present series after EUS-guided FNA of  
the pancreas. This low complication rate is similar to that 
reported previously using a standard 22G needle[21-25].

In conclusion, pancreatic core specimens for histologi-
cal examination can be obtained by EUS-guided FNA with 
a 22-gauge needle by careful injection of  saline through 
the needle and by expelling the tissue samples into a tube 
containing 10% formol solution. The samples obtained by 
this procedure are highly adequate for histological analy-
ses allowing an appropriate evaluation of  pancreatic solid 
masses. This technique is mainly useful for the diagnosis 
of  different types of  pancreatic tumours as well as for the 
evaluation of  benign diseases. Combination with cytology 
tends to increase the sensitivity of  histology for the diag-
nosis of  pancreatic adenocarcinomas. 

COMMENTS
Background
Differential diagnosis of pancreatic masses is a frequent clinical challenge.    En-
doscopic ultrasound (EUS)-guided fine needle aspiration (FNA) has been proved 
to be a safe and useful method for tissue sampling of pancreatic solid masses. 
Histological study of tissue samples allows the assessment of tissue architecture 
and cell morphology, as well as the performance of immunohistochemical analysis, 
thus usually providing with a higher diagnostic accuracy than cytology.

Research frontiers
Further research is needed in order to improve the diagnostic yield of EUS-guided 
biopsy, and to provide with better material from pancreatic lesions. Availability of 
adequate pancreatic tissue samples may allow performing immunohistochemical 
studies, molecular analysis, and evaluation of genetic mutations, thus providing 
the basis for a better knowledge of pancreatic diseases.

Innovations and breakthroughs
Our study demonstrates that a core specimen from pancreatic solid masses can 



be obtained using a standard 22 gauge needle, thus allowing the histological 
evaluation of pancreatic lesions. Retrieving pancreatic tissue fragments has been 
explored using different types of needles (e.g., trucut needles) and different ways 
of sample processing. In contrast to trucut needles, our technique allows access to 
lesions located at the head of the pancreas with a low complication rate.

Applications 
Obtaining samples of pancreatic tissue allows the histological evaluation of pan-
creatic solid masses, which may be of help for the diagnosis of different pancreatic 
tumours as well as for the evaluation of benign diseases like chronic pancreatitis.

Peer review
This paper provides support for the use of this modified method when performing 
fine needle biopsy of solid pancreatic masses.
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