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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 malignancy (1). Although ductal 
adenocarcinoma is the most frequent cause of pancreatic mass, 
other neoplasms (e.g., lymphoma, cystic tumors, and metastasis) 
and benign conditions (e.g., chronic pancreatitis) with different 
prognoses and treatment options can arise within the pancreas 
(2). A pathological diagnosis becomes therefore relevant for an 
optimal therapeutic decision (3).

Endoscopic ultrasound (EUS)-guided fine needle aspiration (FNA) 
has been proven to be a safe and useful method for tissue sampling of 
intramural and extramural gastrointestinal lesions including the pan-
creas (4,5). Several studies have evaluated the accuracy of cytology after 
EUS-guided FNA for the diagnostic evaluation of pancreatic masses 
(6–19). According to these reports, an adequate cytological specimen 
can be obtained in 82–91% of cases, providing a diagnostic sensitiv-
ity for malignancy ranging from 64 to 96%. In previous studies, 3–6 
needle passes through the lesion (9–21) and the on-site cytopatho-
logical evaluation of the tissue sample for adequacy (7–9,22–28) were  
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inadequate samples and a lower number of needle passes.
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considered as essential for obtaining an appropriate high diagnostic 
accuracy of EUS-guided FNA. Reports on the need of on-site cyto-
logical evaluation during the procedure are however scarce. In fact, 
although experts recommend the on-site cytopathological assess-
ment of tissue samples to maximize the diagnostic yield of EUS-
guided FNA, the influence of this recommendation on the diagnostic 
accuracy of the procedure has not been properly addressed.

The aim of this study was to evaluate the influence of on-site 
cytopathological evaluation on the diagnostic yield of EUS-guided 
FNA for the differential diagnosis of solid pancreatic masses in an 
unselected series of consecutive patients.

METHODS
Subjects
Patients who underwent EUS-guided FNA of solid pancreatic 
lesions over a 2-year study period were retrospectively identified 
from a prospectively collected endoscopy database, and included in 
the study. EUS-guided FNAs of solid pancreatic lesions performed 
previously (n = 258) were excluded to avoid bias related to learn-
ing curve of both endoscopists and cytopathologists. Patients were 
scheduled for EUS by a secretary of the Endoscopy Unit, who had 
no information about availability of on-site cytopathologist. In addi-
tion, information regarding availability of on-site cytopathology was 
unknown in advance, at the time of scheduling patients for EUS.

Methods
EUS-guided FNA. EUS was daily performed from Monday to 
Friday every week. According to our protocol, pancreatic EUS-
guided FNA was consistently performed if a pancreatic mass was 
detected during EUS.

Once the corresponding signed informed consent was obtained, 
EUS was performed under conscious sedation by two operators 
(J.I.-G. and J.L.-N.). A standard blood coagulation analysis was 
consistently performed before EUS-guided FNA, and an uncor-
rectable coagulation profile (prothrombin time  < 60%) was con-
sidered as a contraindication for the procedure.

EUS was performed using a convex array echoendoscope (Pentax 
EG-3870UTK; Pentax Europe GmbH, Hamburg, Germany) con-
nected to an ultrasound equipment, Hitachi-8500 (Hitachi Medi-
cal Systems Europe, Zug, Switzerland). FNA was performed with a 
standard 22-gauge needle (Wilson-Cook Medical, Winston-Salem, 
NC). These needles are equipped with a round nitinol stylet covered 
by a protective metal spiral coil sheath. The needle can be advanced 
up to 8.5 cm from the spiral sheath. The target lesion was endosono-
graphically visualized and the region was scanned for vessels using 
color 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 millimeters, thereby exposing the 
sharp needle tip. The needle was then advanced into the target tis-
sue under endosonographic 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-clog-
ging 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.

All patients were observed prospectively for postprocedure 
complications. Clinical symptoms were carefully evaluated. Pan-
creatitis as a potential postprocedure complication was defined by 
the presence of abdominal pain and a threefold increase of serum 
amylase and/or lipase within 24 h after the procedure.

Sample processing and cytological evaluation. The presence of 
the cytopathologist in the EUS room was decided by the pathol-
ogy department according to weekly internal organization. Based 
on that, an expert cytopathologist was available at the endoscopy 
room for on-site evaluation of EUS-guided FNA samples 2 to 3 
days a week. After each needle pass, the cytopathologist processed 
the sample and provided an immediate evaluation of cellularity 
of air-dried smear stained with a Romanowski stain (Diff-Quick; 
Merck KGaA, Darmstadt, Germany). Punctures were repeated 
until the cytopathologist considered the sample as adequate for 
providing a diagnosis (Figure 2).

On the remaining days, when on-site cytopathology was not 
available, samples were spread on the slides and fixed in 96% etha-
nol by experienced endoscopists, and sent to the pathology depart-
ment for evaluation. On-site microscopic evaluation of sample 
adequacy was thus not performed on those days. To increase the 
probability of obtaining an adequate sample for diagnosis, punc-
ture was repeated at least three times when possible. All samples 
were thereafter processed for cytological study by Papanicolau 
staining (Figure 3). The same two experienced cytopathologists 
examined cytological smears of all patients.

Cytological diagnoses were categorized into nondiagnostic, negative 
for malignancy, and positive for malignancy according to previously 
reported specific protocols (28–30) and the corresponding guidelines 
of the Papanicolau Society of Cytopathology (31). Samples considered 
as malignant or suspicious for malignancy were categorized as positive 
for malignancy, whereas samples considered as benign, indeterminate, 
or atypical were categorized as negative for malignancy.

Gold standard for final diagnosis. Cytological findings were com-
pared with histology of surgical specimens as gold standard in  
patients who were further operated upon. In nonoperated  

Figure 1. Endoscopic ultrasound image of a mass in the head of the �
pancreas. Fine needle aspiration of the mass confirmed the diagnosis �
of pancreatic adenocarcinoma.
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patients, a global clinical, morphological (EUS and computed  
tomography scan), and biochemical evaluation (including serum 
levels of Ca19.9) over a minimum follow-up of at least 12 months 
was considered as gold standard.

Data analysis. The major end point of the study was the differ-
ence in diagnostic accuracy of EUS-guided FNA according to the 
presence or absence of the cytopathologist on site. The following 
data were consistently recorded: demographic characteristics of 
patients, EUS diagnosis, location and size of the lesion, number 
of needle passes, adequate specimen collection rate, cytological 
diagnosis, final diagnosis, and complications. Data are shown as 
mean and range, mean±s.d., and percentages and 95% confidence 
intervals (CIs) as appropriate. Categorized variables were analyzed 
by Fisher’s exact test or χ2 test, as appropriate. After confirming a 
normal distribution of data, quantitative variables were analyzed 
using the two-sample Student’s t-test. Sensitivity, specificity, over-
all accuracy, and positive and negative predictive values for ma-
lignancy were calculated. To minimize the impact of a potentially 
insufficient sample size, accuracy data are shown with a 95% CI.

RESULTS
Patient characteristics and final diagnoses
A total of 182 patients underwent EUS-guided FNA of solid pan-
creatic lesions over the study period. On-site cytopathologist  

was present in 95 cases (52.2%), whereas EUS-guided FNA was 
performed in the remaining 87 cases (47.8%) without on-site 
cytopathologist. There was no difference between both groups in 
terms of age, sex, and location and size of the lesions (Table 1).

Final diagnoses according to the presence or absence of on-site 
cytopathology are shown in Table 2. Mean follow-up of patients 
with benign lesions was 15 months (range 12–23 months).

Outcome of EUS-guided FNA
A higher number of needle passes was performed when on-site 
cytopathologist was not available (3.5±1.0 vs. 2.0±0.7; P < 0.001; 
Figure 4). Adequate cytological samples were obtained more fre-
quently when on-site cytopathologist was available (98.9%, 95% CI 
98.4–99.5) compared with procedures performed without on-site 
cytopathological evaluation (87.4%, 95% CI 86.7–88.0; P = 0.002). 
Except for the proportion of inadequate samples, distribution of 
patients according to cytological result was not influenced by the 
presence or absence of on-site cytopathology (Table 3).

Out of the 79 malignant masses evaluated by EUS-guided FNA 
with on-site cytopathology, 76 were correctly classified as malig-
nant (sensitivity 96.2%; 95% CI 95.5–96.9), compared with 43 
out of the 55 malignant masses correctly classified as malignant 
by EUS-guided FNA without on-site cytopathology (sensitivity 
78.2%; 95% CI 77.2–79.2; P = 0.002). No false-positive result for 
malignancy was observed among the 51 cases of benign pancre-
atic masses independently of whether on-site cytopathologist was 
available or not. Diagnostic accuracy of EUS-guided FNA with and 
without on-site cytopathology is shown in Table 4.

Complications related to the technique
Two patients (1.1%) suffered from mild acute pancreatitis related 
to the procedure, and they required hospitalization for 4 and 5 
days, respectively. One patient (0.55%) developed bleeding at the 
site of gastric puncture, which was successfully managed endo-

Figure 2. On-site cytological evaluation of a pancreatic sample obtained 
by endoscopic ultrasound (EUS)-guided fine needle aspiration (FNA), sup-
porting the final diagnosis of pancreatic adenocarcinoma (Diff-Quick ×20).

Figure 3. Cytological evaluation of a pancreatic sample obtained by endo-
scopic ultrasound (EUS)-guided fine needle aspiration (FNA). The pres-
ence of marked cellular atypia supports the diagnosis of adenocarcinoma 
of the pancreas (Papanicolau staining, ×40).

Table 1. The demographic and tumor characteristics of the 
patients

With on-site 
pathologist 

(n =95)

Without on-site 
pathologist 

(n =87) P value

Number of patients 95 87 NS

Mean age (range) 62 years 
(24 – 84)

59 years 
(20 – 83)

NS

Sex (male/female) 57/38 52/35 NS

Localization of the lesion within the pancreas

  Head 69 64

  Body 20 19 NS

  Tail 6 4

Mean size of the �
lesion (mean ± s.d.)

31.7 ± 13.6 mm 30.7 ± 12.9 mm NS

NS, not significant.
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scopically. All three complications occurred in patients in whom a 
high number of needle passes was required related to the absence 
of on-site cytopathologist. Thus, the rate of complications was 3.4 
and 0% in EUS-guided FNAs without and with on-site cytopatho-
logical evaluation, respectively (P = 0.1). There was no death asso-
ciated with the technique.

DISCUSSION
This study in a large series of consecutive patients provides strong 
evidence supporting EUS-guided FNA as a very accurate and use-
ful tool for the cytological diagnosis of solid pancreatic masses. It 
points out that on-site cytopathological evaluation is needed to 
improve the diagnostic yield of EUS-guided FNA in this setting. 
On-site cytopathological evaluation of EUS-guided FNA samples 
for adequacy is associated with a significantly lower number of 
inadequate samples, lower number of needle passes required, and 
higher diagnostic sensitivity and overall accuracy for malignancy. 
Complications were infrequent and occurred only in the group 
without on-site cytopathology, but the difference between groups 
was not statistically significant.

The accuracy of EUS-guided FNA for the cytological diagno-
sis of pancreatic masses has been widely analyzed. The overall 
accuracy of this method ranges from 64 to 96% in different series  
(6–19). Obtaining an appropriate sample for cytological evaluation 
is absolutely needed for an adequate diagnostic accuracy (19). This 
supports the concept of rapid on-site cytopathological evaluation 
of EUS-guided FNA for sample adequacy (7–9,22–29).

The influence of on-site cytopathological interpretation on the 
diagnostic yield of percutaneous ultrasound-guided FNA of lymph 
nodes and breast, thyroid, and lung masses is well established 
(32–36). Based on that, experts advocate on-site cytopathological 
assessment for tissue sample adequacy also after EUS-guided FNA 

(21,24,26,27). Actually, several studies on the diagnostic accu-
racy of EUS-guided FNA have included on-site cytopathological 
evaluation as part of their methodology (7–9,25). However, studies 
specifically designed with the aim of evaluating the influence of 
on-site cytopathological interpretation of EUS-guided FNA sam-
ples on diagnostic accuracy are scarce.

Klapman et al. (23) compared the diagnostic yield of EUS-
guided FNA from two different hospitals, with and without on-
site cytopathology, respectively. They showed that EUS-guided 
FNAs performed with on-site cytopathology were less likely to 
produce an unsatisfactory tissue specimen and more frequently 
had a cytological diagnosis. However, as the study compares two 
groups of patients who were recruited at two different hospitals, 
a center-related bias cannot be excluded. Actually, the two groups 
of patients were not similar, and pancreas was significantly the 
most common target site at the center without on-site cytopa-
thology, whereas more accessible thoracic and/or abdominal 
nodes were the most common target sites at the center with on-
site cytopathology.

More recently, Hikichi et al. (28) evaluated the diagnostic accu-
racy of EUS-guided FNA with on-site assessment of sample ade-
quacy either by endosonographers or cytopathologists in patients 
with solid pancreatic masses from two different periods of time. As 
no differences were observed, they recommended on-site sample 
evaluation by the endosonographer if no cytopathologist is avail-
able. However, these two approaches of on-site sample evaluation 
were carried out at two different 2-year periods of time, with on-site 
sample evaluation by endosonographer being the last period. Expe-
rience could be thus a bias, mainly taking into account that sample 
size was low, with 73 EUS-guided FNAs of pancreatic masses per-
formed over 4 years (average of 18 procedures performed per year). 
Contrary results were reported by Alsohaibani et al. (29) in a retro-
spective study comparing two consecutive periods of time, in which 
interpretation of EUS-guided FNA samples was performed on-site 
by a cytotechnologist or an endoscopy nurse, respectively. Although 
the number of needle passes performed in the two study periods was 
similar (2.1 and 2.6 as a mean, respectively), the diagnostic yield of 

Table 2. Final diagnoses of solid pancreatic masses (n) in this 
study

Final diagnosis

With on-site 
cytopathologist 

(n=95)

Without on-site 
cytopathologist 

(n=87)
Total 	

(n=182)

Pancreatic adeno
carcinoma

66 49 115

Inflammatory mass 16 24 40

Neuroendocrine tumor 8 3 11

Serous cystadenoma 
with solid appearance

0 8 8

Metastasisa 2 2 4

Cystadenocarcinoma 
with solid appearance

2 0 2

Lymphoma 0 1 1

Teratoma 1 0 0

aThree metastases of lung oat cell cancer and one of epidermoid carcinoma.
Data are shown according to the presence or absence of on-site cytopathology 
evaluation of endoscopic ultrasound (EUS)-guided fine needle aspiration (FNA) 
samples.
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Figure 4. Distribution of patients (n) according to the number of needle 
passes performed during endoscopic ultrasound (EUS)-guided fine needle 
aspiration (FNA) for cytological diagnosis of solid pancreatic masses. 
EUS-guided FNAs with on-site cytopathologist are shown in red bars, and 
without on-site cytopathologist in yellow bars. Statistical difference between 
the two groups: P < 0.001.
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of the samples, are considered as complementary and highlight dif-
ferent cellular details, they offer a similar diagnostic accuracy (24). 
Moreover, studies evaluating the rapid on-site cytological interpre-
tation of EUS-guided FNA specimens reported a high accuracy 
compared with final cytological diagnosis by using similar sample 
preparations as those used in this study (38).

In this study, an adequate sample was obtained with just one or 
two needle passes in the majority of patients when samples were 
evaluated on-site by the cytopathologist, compared with three to 
four passes that were usually performed in order to increase the 
probability of adequate sample when no on-site cytopathology was 
available. Conversely, four or even five needle passes had to be per-
formed in some cases before an adequate sample was called by the 
cytopathologist, which was very helpful and could not have been 
done in his absence. In addition, the area of puncture is changed 
according to the information provided by the on-site cytopatholo-
gist in cases of inadequate samples. This may impact the number of 
passes needed to obtain an appropriate sample too.

The potential for patients’ selection bias in our study could be 
an issue. Actually, it could be argued that we could be more prone 
to schedule cases where a pathological diagnosis is critical on days 
with on-site cytopathology. As information regarding availability 
of on-site cytopathologist was unknown at the time of scheduling 
patients for EUS, we believe the potential of patient selection bias 
in this study is minimal. In addition, patients were scheduled for 
EUS by a secretary, who had no information about availability of 
on-site cytopathologist.

A final important issue to be discussed is safety. It is well known 
that EUS-guided FNA of the pancreas is a safe technique (39–41), 
with slightly higher complication rate related to the use of trucut 
needles (22). This study supports the safety of the technique, and 
only three major complications (1.65%) developed over the study 
period. Although complications are expected to occur in relation 
to a higher number of needle passes, because of the low compli-
cation rate of FNA, the size of this study is inadequate to show 
statistical differences in complications between groups with and 
without on-site cytopathology.

In conclusion, this study demonstrates that on-site cytopatho-
logical evaluation reduces the number of inadequate FNA samples 
and improves the sensitivity and overall accuracy of EUS-guided 
FNA for the diagnosis of malignancy in patients with solid pancre-
atic masses. Hence, we recommend the use of on-site cytopatho-
logical evaluation during EUS-guided FNA of pancreatic masses.

EUS-FNA was significantly improved by evaluation of sample ade-
quacy by a cytotechnologist (29). Similar results were also reported 
by Savoy et al. (37) in a prospective double-blind controlled trial. 
They found a higher diagnostic accuracy when EUS-guided FNA 
samples were evaluated on-site for adequacy by cytotechnologists 
compared with endosonographers. Nevertheless, diagnostic accu-
racy of EUS-guided FNA without on-site sample assessment was 
not evaluated in any of these three studies (28,29,37).

Compared with previous studies, all EUS and EUS-guided FNAs 
were performed by the same two endoscopists in this study. They 
had a previous EUS experience of several years and more than 250 
EUS-guided pancreatic FNAs performed. Similarly, the same two 
experienced cytopathologists evaluated all FNA samples. A further 
strength of this study is that the diagnostic accuracy of EUS-guided 
FNA with and without on-site cytopathology was evaluated in one 
center over the same period of time. All this allows excluding expe-
rience of both endoscopists and cytopathologists as a potential bias 
of the reported results. Finally, this study is focused on the evalu-
ation of a large number of unselected, consecutive patients with 
solid pancreatic masses, avoiding bias associated with a limited 
number of cases, a selected series of cases, or different target sites.

Differences in diagnostic accuracy of EUS-guided FNA accord-
ing to the presence or absence of on-site cytopathologist could be 
explained at least partially by differences in the sample processing 
method. However, although Diff-Quick, used for on-site cytologi-
cal evaluation, and Papanicolau stains, used after alcohol fixation 

Table 3. Distribution of patients (n) based on cytological finding according to the final diagnosis (malignant or benign masses)

Cytological finding With on-site cytopathologist Without on-site cytopathologist

Malignant masses Benign masses Malignant masses Benign masses

Positive for malignancy 70 0 34 0

Suspicious for malignancy 6 0 9 0

Negative for malignancy 0 16 0 24

Indeterminate or atypical 2 0 1 8

Inadequate sample 1 0 11 0

Table 4. Diagnostic accuracy of EUS-FNA for pancreatic 
malignancy according to the presence or absence of on-site 
pathologist

With on-site 	
pathologist (n =95)

Without on-site 
pathologist (n =87) P value

Sensitivity 96.2% (95.5– 96.9) 78.2% (77.2–79.2) 0.002

Specificity 100% (96.9 –100) 100% (98.4 –100) NS

Positive �
predictive value

100% (99.3 –100) 100% (98.8 –100) NS

Negative �
predictive value

84.2% (81.5 – 86.9) 72.7% (71.5 –73.9) NS

Overall accuracy 96.8% (96.3 – 97.4) 86.2% (85.6 –86.8) 0.013

EUS-FNA, endoscopic ultrasound-guided fine needle aspiration; NS, not 
significant.
95% Confidence intervals are shown in brackets.
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Study Highlights

WHAT IS CURRENT KNOWLEDGE
3Endoscopic ultrasound (EUS)-guided fine needle aspiration 

(FNA) has been proven to be a safe and useful method for 
tissue sampling of intramural and extramural gastrointesti-
nal lesions including the pancreas.

3Reports on the need of on-site cytopathological evaluation 
during the procedure are scarce.

WHAT IS NEW HERE
3On-site cytopathological evaluation reduces the number of 

inadequate FNA samples and improves the sensitivity and 
overall accuracy of EUS-guided FNA for the diagnosis of 
malignancy in patients with solid pancreatic masses. 
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