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AbstrAct

background

Endoscopic Ultrasonography-guided Fine Needle Aspiration (EUS-FNA), which is the preferred method for sampling gastrointestinal malig-
nancies, is dependent on multiple factors. We aimed to evaluate if the experience of the on-site pathologist had an effect on the sample adequacy 
and tissue yield.

Methods

A single center, retrospective cohort study was conducted among patients undergoing EUS-FNA between 2015 to 2018 for solid GI lesions. 
Sample adequacy, pathologist experience, needle passes, size and cytological diagnosis was collected. On-site pathologist reported the sample 
adequacy.

results

A total of 163 patients (47.2% male), median age 68 years, with solid GI lesions (79.8% pancreatic masses), were included. There was no signifi-
cant correlation between the experience of pathologists and the number of EUS-FNA passes required to attain sample adequacy(r =0.158, p= 
0.078). The mean number of passes to attain adequacy was not statistically significant between pathologists with <=10 years of experience versus 
those with >10 years of experience (1.94 vs. 1.97 passes). However, more experienced pathologists requested a greater number of EUS-FNA 
passes for an adequate sample compared to less experienced pathologists (4.05 vs. 3.23; p=0.003). 

conclusions

While there was no difference in determining sample adequacy based on pathologist experience, the experienced pathologists actually requested 
more FNA passes than less experienced ones. One rationale is that younger graduates have better exposure to EUS-FNA, leading to a greater level 
of confidence with securing a diagnosis. Further data is required to evaluate this effect.
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IntroductIon 
Endoscopic ultrasound along with fine‐needle aspiration (EUS-FNA) is 
a rapidly evolving method of tissue acquisition since it was first reported 
nearly 25 years ago.1-3 It has emerged as the test of choice and the prima-
ry technique for the acquisition in otherwise difficult to access anatomic 
locations within the abdomen, specifically the pancreas, subepithelial 
lesions and other structures adjacent to the GI tract. Additionally it is 
useful for lesions in the retroperitoneum, mediastinum, and peri-rectal 
space.4 Obtaining an adequate sample and reaching an accurate diagno-
sis are fundamental endpoints of EUS-FNA. The diagnostic accuracy of 
EUS-FNA for pancreatic lesions is well established in the literature and 
is reported as up to 90%.5,6 Thus, it has proven to be a minimally inva-
sive, cost effective and a relatively safe procedure with a complication 
rate of 0.5% to 2.9%.7,8

 Despite it being a popular choice among advanced endosco-
pists, its accuracy and effectiveness are dependent on several key com-
ponents. These include operator dependent factors (skill of the endos-
copist, sufficient yield and accurate targeting), pathologist dependent 
factors (interpretation and diagnosis by pathologists), presence or ab-
sence of on-site cytopathologists and technical factors (lesion site, size, 
needle type, number of passes, aspiration and expulsion technique).3,9

 While some studies on the availability of Rapid On-Site Evalu-
ation (ROSE) during EUS-FNA have highlighted their presence as being 
beneficial others report otherwise.9-15 The advantage of ROSE is that the 
quality and adequacy of the sample obtained by the endosonographer 
can be interpreted during the procedure by a cytopathologist who can 
also provide a preliminary diagnosis. Thus, reducing the sampling error, 
yield and overall number of FNA passes. It is reported to be associated 
with a 10% to 15% rise of diagnostic yield in the EUS performance for 
pancreatic and non-pancreatic lesions.15 These conflicting results in di-
agnostic yield are likely due to the aforementioned factors that influence 
diagnostic yield, including the operator dependent and technical factors 
for tissue acquisition. Additionally, not all centers have easy accessibility 
to on site cytopathologists.

 In regard to needle sizes, randomized studies and meta-anal-
ysis have demonstrated that there is no significant difference between 
22G and 25G needles used during EUS-FNA for the diagnosis of solid 
pancreatic lesions.16 Although 25G needles may have an added advan-
tage of adequacy there was no difference in accuracy, number of passes, 
or complications compared to 22G needles in the evaluation of pancre-
atic and peri-pancreatic lesions.16-18

 We have identified several studies that have addressed other 
operator dependent and technical factors affecting the diagnostic accu-
racy for EUS-FNA including suction, slow pull, and fanning technique. 
However, to date, there have been no published studies that assess the 
experience of a pathologist on the number of FNA passes and sample 
adequacy. The aim of our study was to evaluate if the experience of the 
on -site pathologist had an effect on the sample adequacy and tissue 
yield, specifically on the number of passes needed for adequacy. We hy-
pothesized that the more experienced pathologist would be more likely 
to deem a sample adequate and require lesser number of FNA passes for 
diagnostic evaluation.

MAterIAls & Methods
study design

We performed a retrospective cohort study of all consecutive outpatients 
and inpatients who underwent EUS-FNA of solid GI lesions at a single 
tertiary referral hospital (Tampa General Hospital, Tampa, Florida) be-
tween March 1st 2011 to December 31st 2018.The study was approved by 
the local institutional review committee at Tampa General Hospital and 
the University of South Florida [IRB#: Pro00038813, Date: 8/27/2019].

Patient characteristics

All consecutive patients 18 years and older who underwent EUS-FNA of 
solid GI lesions and lymph nodes concerning for malignancy between 
March 1st 2011 to December 31st 2018 who required an on-site cytopa-
thological evaluation (ROSE) were included in the analysis. EUS proce-
dures were reviewed in the electronic health record.

 We excluded patients whose information regarding the pro-
cedure was incomplete and those who were lost to follow-up and for 
whom sufficient information to establish the final diagnosis was un-
available. Additionally, patients who had pancreatic cystic lesions or 
gastrointestinal stromal tumors were excluded as these lesions typically 
have limited cytological yield and we do not routinely use ROSE for 
these lesions. Thus, these lesions and those for which there was no avail-
ability of ROSE were excluded from the study.

Procedural technique

All EUS-guided tissue acquisition procedures were performed by four 
experienced operators, each of whom had performed more than a 1000 
EUS-guided tissue acquisitions. The procedures were performed using 
Propofol with monitored anesthesia care.

 The procedures were performed using The Olympus 
TJFQ180V, linear echoendoscope. The needles used included 22G and 
25G cytology and histology needles. The selection of the needle and the 
number of passes was at the endosonographer’s discretion. All proce-
dures were performed by first localizing the target lesion on EUS and 
confirming the absence of intervening vessels via color flow Doppler. A 
stylet was routinely used when puncturing. Further needle passes and 
FNA technique, either slow pull or suction, were performed at the dis-
cretion of the endosonographer and on-site pathologist after gross vi-
sual assessment of the initial specimen. All procedures were performed 
in the presence of an on-site pathologist. The on-site samples were fixed 
in CytoLyt, Thinprep, air dried and also placed in 2 alcohol fixed slides. 
The on-site pathologist would assess for sample adequacy based on each 
needle pass. These were reported as adequate or inadequate. In some 
cases, a preliminary diagnosis would be provided which was recorded in 
the patient’s pathology report.

 All adverse events following the procedure were documented.

data collection and Final diagnosis

The data collected from the endoscopy reports included: demographic 
variables (age and sex of the patient), target lesion requiring EUS- FNA, 
needle type (22G or 25G), number of EUS-FNA passes. The data col-
lected from the pathology reports included: preliminary specimen ad-
equacy status, experience of pathologist performing ROSE and final 
pathological diagnosis.

 The target lesion was categorized based on location: pancre-
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atic lesions (head, uncinate process, tail, body, genu) and non-pancreatic 
lesions (biliary, lymph nodes, liver).

 Cytopathologists performing ROSE were divided into 2 
groups, based on their years of experience since graduating from resi-
dency as less than 10 years and more than 10 years of experience calcu-
lated by the median years of experience.

 The final tissue diagnosis was made after the slides were as-
sessed by either a different or same pathologist, for confirmation of the 
specimen. Only lesions whose final pathological diagnosis was positive 
for malignancy were considered.

 Inconclusive, benign and negative cytology were not included. 
Cystic lesions and those concerning for gastrointestinal stromal tumors 
were also excluded due to the need for histologic tissue acquisition and 
false negative rate.19

outcomes

The primary outcome was correlation between number of passes re-
quired to attain an adequate EUS-FNA samples and the experience of 
the on-site pathologist. Sample adequacy was defined as ability to pro-
cure cytologic/ histologic samples adequate for interpretation. Each 
FNA pass requested by the cytopathologist was deemed either adequate 
or inadequate. The adequacy of each sample obtained from a pass was 
determined by the cytopathologist in real time. The final diagnosis was 
determined based on a combination of surgical pathology; biopsy of 
primary tumor or metastatic lesions; serial imaging; labs such as tumor 
markers; and clinical course.

 Secondary outcomes included correlation of sample adequacy 
and pathologists’ experience according to needle type, target location, 
procedure time and adverse events. We also assessed the association be-
tween pathologist experience and sample adequacy by categorizing the 
experience as <= 10 years versus more than 10 years.

statistical Analysis

The demographic and procedure variables were summarized as mean 
and standard deviation for continuous variables and rates for categori-
cal variables.20 The correlation between pathologist experience and 
EUS-FNA sample adequacy was summarized using the non-parametric 
Spearman’s rank correlation coefficient. The association between ad-
equacy of EUS-FNA sample according to experience of pathologist (bi-
nary) was assessed using binary logistic regression and summarized as 
odds ratio (OR) along with 95% Confidence Intervals (CI).

 A p-value of <0.05 was considered statistically significant. All 
analyses were performed using IBM SPSS statistical analysis software 
(BM Corp. Released 2017. IBM SPSS Statistics for Windows, Version 
25.0. Armonk, NY: IBM Corp.).

results
clinical characteristics

A total of 163 patients with solid GI lesions suspicious for malignancy 
underwent EUS-FNA between March 2011 to December 2018. The 
median age was 68 years, ranging from 31 years to 96 years. A total of 
47.2% (n=77) were male. A total of 79.8% (n=130) target lesions were 
solid pancreatic lesions and the remainder were non-pancreatic lesions. 
Among the various needles used, 25G needles were used in 35% (n=57) 
cases and 22G needles in 65% (n=106) of cases. (Table 1)

Pathologist experience

There was a total of 16 pathologists who were involved in on-site evalu-
ation of EUS-FNA specimens. Of these, their mean years of experience 
was 14 years and median year of experience 10 years. The cut off for less 
experienced pathologist was taken as less than or equal to 10 years and 
that for more experienced pathologists was greater than 10 years. The 
range of experience extended from 3 years of experience to a maximum 
of 46 years of experience.

correlation between Pathologist experience and number of 
passes for sample adequacy: As shown in, there was a very weak 
correlation between pathologist years of experience and the pass at 
which the sample was deemed adequate (correlation coefficient=0.158, 
p=0.078) as shown in the graph in Figure1. The correlation between 
pathologist years of experience and the pass at which the sample was 
deemed adequate according to needle size was also very weak. The cor-
relation coefficient was 0.121 (p=0.429) for the 25G needle and 0.131 for 
the 22G needle (p=0.248). The correlation was weak for non-pancreatic 
cancers (correlation coefficient = 0.4; p=0.035) and very weak for pan-
creatic cancers (correlation coefficient = 0.105; p=0.308).

Association between pathologist experience and final ade-
quacy of eus-FnA sample: The difference in adequacy rate was not 
statistically significant between pathologists with <=10 years of experi-
ence (77%) versus pathologists with >10 years of experience (76%). The 

Figure 1. Scatter plot illustrating the correlation between number of passes (y axis) and pa-
thologist experience (x axis).

Variables Total Number %
Overall N=163  
Age(years), mean years 67.44(12.6)  
Males 77 47.2
Females 86 52.8
Needle type 
25G 57 35
22G 106 65
Target Lesion
Pancreatic 130 79.8
Non-Pancreatic 33 20.2

Table 1.  Patient characteristics undergoing EUS-FNA



14

Gastroenterology Open Access Open Journal

Research | Volume I | Number 1|

unadjusted OR was 1.01 (95% CI 0.47 to 2.22; p=0.965). The findings 
remained unchanged when adjusted for needle size and location (pan-
creatic versus non-pancreatic). The adjusted odds ratio was 0.978 (95% 
CI 0.44 to 2.15; p=956).

difference in number of passes required for adequacy and 
pathologist experience: The mean number of passes to reach ad-
equacy was not significantly different between pathologists with <=10 
years of experience (1.94 passes ± 1.25) versus >10 years of experience 
(1.97 ± 1.3) resulting in a mean difference of 0.32 (95% CI -0.52 to 0.46; 
p=0.826). The results remained unchanged regardless of needle size or 
location (pancreatic versus non-pancreatic).

number of passes needed for an adequate versus inadequate 
sample and pathologist experience: Overall, the mean number of 
passes for an adequate sample was 3.49 (± 1.38), which was significantly 
lower, versus 4.13 (± 1.47) for an inadequate sample (p=0.014). While 
the difference in number of passes needed for an adequate versus in-
adequate sample was statistically significant for the 25G needle (3.13 
[± 1.35] for adequate sample versus 4.17 [± 0.718] for an inadequate 
sample; p=0.008), the difference was not statistically significant for the 
22G needle (3.69 [± 1.37] for adequate sample versus 4.12 [±1.7] for in-
adequate sample; p=0.194). Similarly, the difference in number of passes 
needed for an adequate versus inadequate sample was statistically sig-
nificant for pancreatic (3.55 [± 1.31] for adequate sample versus 4.27 
[± 1.38] for an inadequate sample; p=0.009) but not for non-pancreatic 
(3.29 [± 1.63] for adequate sample versus 3.2 [± 1.92] for inadequate 
sample; p=0.898).The mean number of passes for an adequate sample by 
pathologists with <=10 years of experience was 3.23 (±1.3), which was 
significantly lower, versus 4.05 (± 1.43) by pathologists with >10 years of 
experience (p=0.003).

dIscussIon
Endoscopists are cognizant of the multiple factors affecting the effective-
ness of the EUS-FNA procedure. A factor that has been debated over 
the years is the presence of ROSE by cytopathologists. Several studies 
initially reported it as enhancing the sample adequacy, diagnostic yield 
and requiring fewer needle passes.9,10,12,21,22 More recent meta-analysis 
and randomized controlled trials also indicated that there was a reduc-
tion in required needle passes, but overall no benefit was established 
on diagnostic yield, proportion of adequate specimens and accuracy in 
pancreatic masses.13-15,23 Thus, ROSE is not rendered mandatory for this 
purpose. At our institution (Tampa General Hospital) we have the avail-
ability of experienced on- site pathologist and thus have their presence 
in all our cases suspicious for malignancy requiring EUS-FNA, which 
was incorporated in our study. While utilizing the benefit of ROSE, a key 
component to keep in mind is the expertise of the endosonographer and 
the on-site cytopathologists. This in turn may affect the final diagnostic 
yield.

 Our retrospective study is the first of its kind in evaluating 
the effect of a pathologist experience on sample adequacy. Our findings 
show that there is no significant correlation between the experience of 
pathologists and the number of passes required to attain adequacy of 
EUS-FNA sample. Furthermore, the results remained essentially un-
changed when adjusted for needle size and location (pancreatic versus 
non-pancreatic). The difference in adequacy rate was not statistically 
significant between pathologists with <=10 years of experience (77%) 
versus pathologists with >10 years of experience (76%), neither was the 

mean number of passes required to attain adequacy <=10 years of ex-
perience (1.94 passes ±1.25) versus >10 years of experience (1.97 ± 1.3). 
This suggests that regardless of experience, cytopathologists are equally 
confident in deeming a sample adequate. This finding was contrary to 
our initial hypothesis that more experienced pathologists would be more 
likely to deem a sample adequate given their increased exposure and 
patient volume. One plausible rationale for our results is that given the 
significant growth of EUS-FNA in the last 2 decades, less experienced 
pathologists may actually have more exposure to EUS-FNA samples and 
better formal training.

 However, we noted that the pathologists with greater than 10 
years of experience requested a greater number of EUS-FNA passes for 
the target lesion for an adequate sample compared to the less experi-
enced pathologist 4.05 (±1.43) vs. 3.23 (±1.3), which was statistically 
significant (p=0.003). Thus, while there was no difference in determin-
ing adequacy of a sample based on pathologist experience, more expe-
rienced pathologists actually requested a greater number of FNA passes 
than less experienced pathologists. Again, this was contrary to our ini-
tial hypothesis in that more experienced pathologists should request 
less FNA passes given their increased exposure to the process of on-site 
cytopathology. The significant growth in volume of EUS-FNA has likely 
provided younger graduates with excellent exposure and led to a greater 
level of confidence with securing a diagnosis.

 Our study was compatible with the data reported in literature, 
in that the average number of EUS-FNA passes for solid lesions is a 
mean of 3-4.24-26 In regard to FNA needle gauge, our endosonographers 
primarily used the 22G and 25G needles. Overall, there was no correla-
tion with needle gauge, sample adequacy and the years of pathologist 
experience. This was in line with previous studies.17,27,28 In the presence 
of ROSE, 19 G EUS-FNA needles did not confer a diagnostic advantage 
over the more commonly used 22 and 25 G needles with respect to diag-
nostic accuracy, number of passes, and complications.29

 There are multiple advantages to our study. We included a 
wide spectrum of lesions in addition to pancreatic malignancies. The 
non-pancreatic lesions being-lymph nodes, metastatic lesions in the 
liver, adrenal and retroperitoneal masses. We only included lesions in 
which the final pathological diagnosis was consistent with malignancy 
or those in which there were significant atypical cells and the overall 
clinical picture (based on imaging, labs, surgical specimen) was consis-
tent with malignancy, thus eliminating samples which were partly in-
conclusive or benign lesions. We utilized ROSE pathologist at our cen-
ter to determine sample adequacy. The final pathological diagnosis was 
read by a different pathologist than the one present on site, reducing the 
possibility of sample bias. 

 The procedure was performed safely and efficiently. There 
were no adverse events during or immediately following the procedure 
highlighting EUS-FNA to be a safe intervention with a low post-proce-
dural adverse events rate.7,30

 The limitations of our study are varied. First, it was retrospec-
tive, single centered with a relatively small sample size. Second, there is 
no standardized definition on the adequacy of a sample and that was 
left to the discretion of the on-site pathologist. Sampling cells from a 
lymph node and pancreatic mass may be easier compared to other le-
sions. Thus, adequacy cannot be defined equivalently across different 
organs and organ systems and further studies are needed to define the 
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precise number of cells required to label a slide positive for malignancy. 
We did not consider the details of sample preparation, which are fac-
tors that may have contributed to sample adequacy. Lastly, none of our 
pathologists had formal training on GI pathology. It is also difficult to 
interpret the expertise and skill of the pathologist based solely on years 
since graduating from residency. Further prospective studies are needed 
to investigate ideal sample preparation to maximize the diagnostic yield 
of ROSE, and also to determine the optimal number of FNA passes to 
perform during this procedure.

 An obvious limitation of this study is that each sample was 
evaluated by either a more experienced or less experienced cytopatholo-
gist, but never both. Thus, there was no direct head-to-head comparison 
for a particular sample between pathologists with varying degrees of ex-
perience. This type of evaluation would not be possible in a retrospective 
study and prospectively, would require significant time and cost. Finally, 
sample adequacy may also be dependent on the endosonographer skill 
level and the quality of specimens obtained. Given that the majority of 
FNAs were performed by two endosonographers with the same number 
of years of training, the effect of endosonographer skill level was un-
likely to affect the final results.

 We hoped to shed light on the prospect of the experience of 
a pathologist on the efficacy and adequacy of an EUS-FNA sample. Fu-
ture studies are warranted that incorporate a more standardized method 
to assess sample adequacy, cost analysis, procedure time and the expe-
rience of an endoscopist. Current methods in sample preparation for 
ROSE may also need to change to optimize the detection of malignant 
cells during this procedure. Lastly, one must consider newer modali-
ties such as EUS-guided core biopsy that may soon replace EUS-FNA 
as it is reported to have comparable pathologic diagnostic yield to EUS-
guided FNA with fewer passes required and better yield in the absence 
of ROSE.31

conclusIon
Although the future remains promising, current procedural practices 
are dictated by numerous technical factors including needle availabil-
ity and cost, lesion location and type, sample adequacy, pathologist and 
endosonographer’s experience and preferences. Our study showed that 
ROSE is accurate regardless of the experience of a pathologist. Further 
research is required to validate these findings.
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