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Macroscopic on-site quality evaluation of biopsy specimens
to improve the diagnostic accuracy of endoscopic
ultrasound-guided fine needle aspiration using a 22-gauge
needle for solid lesions: A single-center retrospective study
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Abstract. The present study aimed to evaluate the clinical
value of macroscopic on-site evaluation (MOSE) of solid
masses by endoscopic ultrasound (EUS)-guided fine needle
aspiration (FNA) using a standard 22-gauge needle and to
explore the cut-off length of macroscopic visible core (MVC)
required to obtain an accurate histopathological diagnosis. In
total, 119 patients who satisfied the inclusion and exclusion
criteria and underwent EUS-FNA were divided into conven-
tional FNA and FNA combined with MOSE groups. In the
MOSE group, the presence of MVC was examined and its
total length measured, after which the pathological results of
FNA were compared with the final diagnosis. The diagnostic
sensitivity, specificity, accuracy, positive predictive value
(PPV) and negative predictive value (NPV) of FNA in the two
groups were calculated and the effect of MOSE on the FNA
result was analyzed. The MOSE group had a higher diagnostic
sensitivity (75.0% vs. 89.8%; P=0.038) and accuracy (74.5%
vs. 90.6%; P=0.026). MVC was observed in 98.4% (63/64) of
patients in the MOSE group. The median length of MVC was
15 mm. The optimal cut-off length of MVC for obtaining an
accurate histological diagnosis was 13 mm, with a sensitivity
0f 90.2%. No statistically significant significance was observed
in the specificity, PPV and NPV between the groups. Thus,
MOSE helps to improve the diagnostic ability of FNA for solid

Correspondence to: Dr Jianfeng Zhang, Department of
Gastroenterology, Affiliated Hospital of Nantong University, 20 Xisi
Road, Nantong, Jiangsu 226001, P.R. China

E-mail: zhangjf@ntu.edu.cn

*Contributed equally
Key words: endosonography, endoscopic ultrasound-guided fine

needle aspiration, macroscopic on-site evaluation, macroscopic
visible core

masses and may be a useful alternative to assess the adequacy
of puncture specimens in units where rapid on-site evaluation
cannot be performed.

Introduction

Endoscopic ultrasound-guided fine-needle aspiration
(EUS-FNA), a minimally invasive interventional diagnostic
technique, involves the insertion of a puncture needle into
the target lesion for aspiration biopsy under real-time EUS
guidance to obtain cells or tissues for pathological analysis.
EUS-FNA has now become the preferred method for obtaining
diagnostic samples of lesions of the gastrointestinal tract and
its adjacent organs (1-3) and is routinely used for pancreatic
lesions, subepithelial lesions, abdominal lymph nodes, the liver,
spleen, adrenal glands, mediastinum and pelvis. EUS-FNA
operates through the natural cavity of the body, shortening the
distance between the probe and the lesion. It passes through
the less normal tissue during puncture, thus reducing the side
injuries caused by the puncture, with an overall complication
rate of less than 1% (4,5).

Wiersema et al (6) first described the important role of
on-site cytopathologists in assessing the adequacy of puncture
specimens and several subsequent studies (7-9) have demon-
strated that rapid on-site evaluation (ROSE) is an effective
method for improving the diagnostic ability of EUS-FNA.
ROSE can assess whether cell sampling is adequate or repre-
sentative in real time. However, owing to the increased human
and financial burden associated with ROSE, it is not routinely
performed in all healthcare facilities (2,10). To improve the
positivity rate of FNA, Iwashita er al (11), in 2015, introduced
the concept of macroscopic on-site evaluation (MOSE), which
helps to determine the presence of a macroscopic visible core
(MVC), a white or yellowish strip of tissue, in histological
specimens obtained by visual inspection during puncture. The
MVC is a more accurate predictor of the presence of a histologic
core in a puncture specimen. A histologic core is a tissue mass
that is structurally intact and sufficient for histologic evaluation
and its presence often indicates good sample adequacy (12).
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Most previous studies related to MOSE (13-19) selected
19G standard FNA needles and 22G fine needle biopsy (FNB)
needles. EUS-FNB with MOSE shows comparable accuracy
to that of EUS-FNB with three needle passes. MOSE reliably
assesses sample adequacy and reduces the number of needle
passes required to obtain a diagnosis with a 22G Franseen
needle (20), whereas 22G FNA needles are currently the most
used in clinical practice. It is uncertain whether the results of
these studies are applicable to 22G standard FNA needles and
further studies are needed to determine whether 22G standard
FNA needles can improve clinical diagnostic efficacy through
MOSE in the absence of ROSE.

Materials and methods

Patients. The present retrospective study included patients
who underwent EUS-FNA for solid lesions between October
2015 and June 2021 at the Affiliated Hospital of Nantong
University. EUS-FNA was performed using the PENTAX
linear-array echoendoscope (PENTAX EPK-i5000 and
PENTAX EG-3270UK; PENTAX Medical) under anesthesia.
Patients in whom the first puncture had been performed by
the same endoscopist using a standard 22G FNA needle and
those with relatively complete clinical data, detailed records
of FNA operations and traceable follow-up information were
included. Patients operated with 19G or 25G FNA needles or
FNB needles; those with severe cardiac, cerebral and pulmo-
nary disorders and hence could not tolerate the operation;
those with severe psychiatric disorders who could not coop-
erate with the clinical team members; those with untreated
bleeding tendencies, including a platelet count <50x10%1, an
international normalized ratio >1.5, or those on anticoagula-
tion or antiplatelet drugs; and those with incomplete follow-up
data and unknown clinical outcomes were excluded from the
present study. All patients provided written informed consent
prior to enrolment. The present study was conducted in accor-
dance with the principles of the Declaration of Helsinki and
was approved by the Ethical Committee of Affiliated Hospital
of Nantong University (approval no. 2019-K055).

Endoscopic procedures. EUS was performed using the
PENTAX linear scanning video echoendoscope (PENTAX
EPK-i5000 and PENTAX EG-3270UK; PENTAX Medical)
and a 22G needle (Expect™; Boston Scientific Corp.) was
used as the EUS-FNA needle in all cases. All solid lesions
were classified as pancreatic and non-pancreatic. EUS-FNA
was performed by a single endoscopist who had experience
in performing the operation under sedation with intravenous
propofol, without any specific experience in cytopathology. No
on-site cytologic pathologist was present during the puncture.
The puncture site was determined under real-time EUS guid-
ance by avoiding blood vessels, pancreatic ducts, bile ducts
and other important organs. The puncture needle, which was
pressed against the wall of the GI tract, was linearly hyper-
echoic on EUS and the ‘comet tail’ sign produced by the metal
could be observed. The puncture needle was inserted into the
target lesion, the core was removed, a negative-pressure syringe
was attached and the needle was lifted and inserted into the
lesion more than 20 times (Fig. S1). The endoscopist decided
the number of punctures and chose the appropriate puncture

method, such as using the needle core, adjusting the negative
pressure and the fan puncture technique, according to the
characteristics of the lesion, the situation while obtaining the
specimen and his or her own experience. After each puncture,
the negative pressure was released, the puncture needle was
withdrawn and the specimen was pushed into the culture dish.

MOSE technique. The specimen was carefully examined by
the endoscopist for the presence of MVC, which was defined
as whitish or yellowish pieces of tissue with an apparent
bulk, not including paste-like or liquid-like material (Fig. 1).
The FNA procedure would be terminated if the endoscopist
observed MVC in the obtained specimen. MVCs scattered
throughout the sample were collected and aligned using an
injection needle, after which the total length of the MVC was
measured using a ruler. If the endoscopist could not detect the
MVC, additional punctures were performed while ensuring
procedural safety.

Final diagnosis. On the basis of the patient's preoperative
laboratory tests, imaging data and clinical presentation, the
final diagnosis was established based on the following points:
i) Pathological findings after surgical resection; ii) positive
FNA malignancy without surgical intervention and a clinical
course consistent with the FNA diagnosis; and iii) negative
FNA or puncture pathology showing benign lesions without
worsening or spontaneous lesions on imaging review after at
least 6 months of regression observed on follow-up.

Main outcome measures. The primary objectives of the
present study were to evaluate the ability of different lengths
of MVC to obtain an accurate histological diagnosis and to
determine the optimal cut-off value for MVC length and to
study the effect of the application of MOSE on the diagnostic
efficacy of FNA. The secondary objectives were to analyze
the factors affecting the accuracy of histological diagnosis and
to compare any differences between the two groups in terms
of operative time, number of punctures and the incidence of
puncture-related complications.

Cases in which the nature of the lesion could be deter-
mined by puncture, including cytological or (and) histological
pathological findings that clearly defined the histological
diagnosis of the lesion as benign or malignant, tumor cells or
cancer cells seen by puncture, were considered as FNA posi-
tive and otherwise, as FNA negative (Fig. S2). The accuracy
of FNA was defined as the sum of cases with true positive and
true negative results divided by the total number of cases. The
operative time was defined as the difference in time from the
insertion to the exit of the endoscope.

Statistical methods. SPSS 23.0 software (IBM Corp.) was
used for statistical analysis and the results of the normality test
for continuous variables showed that they did not obey normal
distribution; hence, median (quartiles) was used for descriptive
statistics and frequency or percentage was used for descriptive
statistics for categorical variables. The Mann-Whitney U test
was used for intergroup comparisons of continuous variables
and the y? test or Fisher exact probability method was used
to compare the variables between the groups. The accuracy
of the area under the curve (AUC) of the receiver-operating
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Figure 1. Macroscopic visible core at macroscopic on-site evaluation
(magnification, x10).

characteristic (ROC) curve was assessed by plotting the curve
of the length of the MVC for histopathological diagnosis, using
the Youden index to calculate the optimal cut-off value of MVC
length required to obtain an accurate histological diagnosis.
Factors that may be associated with an accurate histological
diagnosis were investigated using univariate and multivariate
logistic regression analysis. P<0.05 was considered to indicate
a statistically significant difference.

Results

Patient and lesion characteristics. A total of 141 patients
underwent FNA for occupying lesions during the study period,
of whom 22 were excluded according to the inclusion and
exclusion criteria, including 15 patients in whom puncture was
performed using other types of puncture needles (including
19G and 25G FNA needles and FNB needles), 6 patients with
cystic lesions and 1 patient who was excluded owing to his
absence. Finally, 119 patients, namely 55 in the conventional
FNA group and 64 in the FNA combined with MOSE group,
were included (Fig. 2).

The patient and lesion characteristics of the two groups
are listed in Table I. There were no statistically significant
differences in sex, age, lesion site (divided into pancreatic and
non-pancreatic lesions), or lesion size between the two groups.
In the conventional FNA group, 33 patients had pancreatic
lesions and 22 had non-pancreatic lesions. Among patients with
non-pancreatic lesions, five had gastric lesions; five had hepa-
togastric interstitial lesions; four had lymph node enlargement;
three had hepatic lesions; and one patient each had esopha-
geal, rectal, hepatopancreatic interstitial, retroperitoneal and
adrenal lesions. In the FNA combined with MOSE group,
47 patients had pancreatic lesions and 17 had non-pancreatic
lesions. Among patients with non-pancreatic lesions, seven

had gastric lesions; two had lymph node enlargement; two had
mediastinal lesions; two had hepatic lesions; and one patient
each had rectal, adrenal, parapancreatic and splenogastric
interstitial lesions.

Outcomes. The success rate of FNA was 100% in both groups,
with 1-5 punctures performed per lesion. The differences in
the number of punctures (a median of 3 in the conventional
FNA group and 3 in the FNA combined with MOSE group;
P=0.151), operative time (a median of 17 min in the conven-
tional FNA group and 19 min in the FNA combined with
MOSE group; P=0.448), puncture route (P=0.353) and compli-
cation rates (5.4% vs. 1.5%; P=0.506) in both groups were not
statistically significant. Three puncture-related complications
occurred in the conventional FNA group, namely two cases
of hyperamylasemia and one case of transient fever and one
case of self-limiting bleeding at the puncture site in the FNA
combined with MOSE group, all of which improved after
symptomatic treatment, without serious puncture-related
complications (Table II).

The final diagnosis of the patient was used as the criterion
to determine the FNA results and to evaluate whether the
application of MOSE had any effect on the diagnostic ability
of FNA and the results are shown in Table III. Compared with
the conventional FNA group, the diagnostic sensitivity (75.0%
vs. 89.8%, P=0.038) and accuracy (74.5% vs. 90.6%, P=0.026)
were higher in the FNA combined with MOSE group and the
differences between the groups were statistically significant,
whereas the differences in the specificity (66.7% vs. 100.0%),
PPV (97.5% vs. 100.0%) and NPV (13.3% vs. 45.5%) were not
statistically significant (P<0.05).

The final diagnosis of the patients was established by
combining the FNA results, surgical pathology findings and
follow-up observations. Tables IV and V show the specific
pathological types and the corresponding number of patients
in each of the two groups according to the primary site of the
pancreatic and non-pancreatic lesions. A total of 39 patients
in the conventional FNA group could be diagnosed based on
FNA results and/or post-surgical pathology. Only tumor cells
or cancer cells were seen by FNA puncture in eight patients;
however, the specific pathology was not known. FNA did
not show any abnormalities and on follow-up, two patients
remained in good general condition without receiving any
special treatment; hence, they were considered as true nega-
tives. In the FNA combined with MOSE group, a specific
histopathological diagnosis could be established in 55 patients
in combination with FNA results or (and) surgical pathology,
as shown in Table V. FNA cytology showed positive results
in four patients; however, the histopathology was unknown
because no surgical operation was performed. The results
were confirmed as true positive on follow-up; five patients had
FNA-negative results, which were confirmed at follow-up.

MVC was observed in 63 of 64 (98.4%) patients in the
FNA combined with MOSE group, with a median MVC
length of 15 (interquartile range, 13-19) mm. Analysis of
the relationship between histological diagnosis and MVC
length showed that MVC length was greater in the group
of patients in whom an accurate histological diagnosis
was obtained compared with those in whom an accurate
histological diagnosis was not obtained (median: 12 mm vs.
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Figure 2. Diagram of study flow. FNA, fine needle aspiration; MOSE, macroscopic on-site evaluation.

17 mm, P<0.001; Fig. 3). ROC curves were plotted regarding
the MVC length for histological diagnosis (Fig. 4) and the
optimal MVC cutoff length required to obtain an accurate
histological diagnosis was determined using the Youden
index. The results showed that the optimal MVC length
cutoff value was 13 mm and the AUC was 0.775 (95% CI
0.651-0.898), which corresponds to a diagnosis at this MVC
length cutoff value, at a sensitivity of 90.2%.

Factors that may be associated with obtaining an accurate
histological diagnosis were investigated using univariate and
multifactorial logistic regression analysis, which included sex,
age, lesion site (divided into pancreatic and non-pancreatic
lesions), lesion size, number of punctures and MVC length.
The data from the statistical analysis are shown in Table VI.
Univariate logistic regression analysis showed that histological
diagnostic accuracy was associated with the number of punc-
tures (P=0.042) and MVC length (P=0.001). Multifactorial

logistic regression analysis showed that only MVC length
13 mm (odds ratio=9.426, 95% CI 1.923-46.204; P=0.006)
was associated with a correct histopathological diagnosis.

Discussion

ROSE is a more reliable method to improve the diagnostic
efficacy of FNA and the role of ROSE in FNA has been
confirmed by several studies (8,21-23). The presence of an
on-site cytopathologist helps to improve sample adequacy
and diagnostic positivity, while also avoiding unnecessary
repetitive FNA procedures. In addition, fewer punctures
may reduce the rate of potential procedure-related complica-
tions and improve procedural safety. However, ROSE is not
routinely performed in many hospitals and a global survey
showed that ROSE is available in only 55% of Asian institu-
tions (24). Moreover, ROSE requires additional time for slide



EXPERIMENTAL AND THERAPEUTIC MEDICINE 26: 338, 2023 5

Table I. Comparison of patient and lesion characteristics between the two groups.

Characteristic Conventional FNA group (n=55) FNA united MOSE group (n=64) P-value
Sex, n 0.800
Male 34 41
Female 21 23
Median age (range), years 65 (60-72) 66 (58-71) 0.769
Location of lesions, n 0.119
Pancreatic lesions 33 47
Non-pancreatic lesions 22 17
Median lesion size (range), mm 33 (28-45) 34 (25-40) 0.602
FNA, fine needle aspiration; MOSE, macroscopic on-site evaluation.
Table II. Comparison of puncture-related parameters between the two groups.
Conventional FNA FNA combined
Puncture-related parameter group (n=55) MOSE group (n=64) P-value
Median number of punctures (range) 3(2-3) 3(2-4) 0.151
Median operation time (range), min 17 (13-24) 19 (14-23) 0.448
Puncture paths, n 0.353
Trans-duodenal 17 25
Trans-esophageal, stomach or rectal 38 39
Complications associated with puncture, n 1 0.506
FNA, fine needle aspiration; MOSE, macroscopic on-site evaluation.
Table III. Comparison of the diagnostic ability of FNA between the two groups.
Diagnostic ability Conventional FNA group FNA combined MOSE group P-value
Sensitivity, % 75.0 (60.8-85.5) 89.8 (78.5-95.8) 0.038
Specificity, % 66.7 (12.5-98.2) 100.0 (46.3-100.0) 0.375
PPV, % 97.5 (85.3-99.9) 100.0 (91.6-100.0) 0.430
NPV, % 13.3 (2.3-41.6) 455 (18.1-75.4) 0.095
Accuracy, % 75.0 (60.8-85.5) 90.6 (80.7-96.0) 0.026

P<0.05 was considered to indicate a statistically significant difference. FNA, fine needle aspiration; MOSE, macroscopic on-site evaluation;

PPV, positive predictive value; NPV, negative predictive value.

staining and pathological analysis, increasing the procedural
duration (25,26).

Iwashita et al (11) reported on direct MOSE performed by
an endoscopist on the acquired specimens. They found that the
diagnostic rate was significantly higher when the MVC was
4 mm and that MVC >4 mm could be used as an indicator of
specimen adequacy, which serves as an important reference
indicator when performing FNA in many endoscopy centers
where ROSE cannot be performed. However, as the present
study used a 19G FNA needle, this criterion may not be appli-
cable to other needle types. A similar study using a 22G FNB
needle (Acquire™) reported that MVC length predicted

correct pathologic diagnosis and that the diagnostic accuracy
of the FNB needle was positively correlated with MVC length,
with a length of 10 mm independently influencing correct
diagnosis (16). A recent prospective multicenter study using
the same FNB needle (Acquire™) showed that MVC length
was positively correlated with the number of samples with a
score of 5 (cytology, 1-2; histology, 3-5). The optimal cut-off
value of MVC length for sample score 5 was 15 mm and the
histological diagnostic accuracy and sensitivity of specimens
with MVC >15 mm was greater than that of specimens with
MVC <15 mm. MVC length is also positively correlated with
the sensitivity of histological diagnosis (12). In a systematic
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Table I'V. Final pathological results of conventional FNA group.

Lesion site and pathological results n

Pancreatic lesions
Adenocarcinoma 1
Neuroendocrine tumor
Mucinous tumor
Parenchymal pseudopapillary tumor

—_— = A

Non-pancreatic lesions
Gastrointestinal mesenchymal tumor
Lymphoma
Tuberculosis
Esophageal adenocarcinoma
Gastric squamous carcinoma
Gastric adenocarcinoma
Liver Cancer
Mucinous smooth muscle sarcoma
Metastatic cancer
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Table V. Final pathological results of FNA combined with
MOSE group.

Lesion site and pathological results n

Pancreatic lesions
Adenocarcinoma 27
Neuroendocrine tumor
Acute pancreatitis
Chronic pancreatitis
Autoimmune pancreatitis
Parenchymal pseudopapillary tumor
Metastatic cancer

_— == NN W

Non-pancreatic lesions
Gastrointestinal mesenchymal tumor
Lymphoma
Metastatic cancer
Gastric squamous carcinoma
Mediastinal nerve sheath tumor
Gastric adenocarcinoma
Gastric Induced cell carcinoma
Abscess

_— = = N W WA

FNA, fine needle aspiration; MOSE, macroscopic on-site evaluation.

review and meta-analysis, excellent pooled diagnostic accuracy
parameters were observed in EUS-guided tissue acquisition by
FNB using the MOSE method (27).

The European Society of Gastrointestinal Endoscopy
recommends 3-4 punctures when performing FNA on target
lesions when ROSE cannot be performed (2). Previous related
studies (11,15,16) have shown that obtaining an MVC above
the truncation length may be a useful indicator for terminating

Figure 3. Comparison of the lengths of the two groups of MVC for an accu-
rate histological diagnosis. MVC, macroscopic visible core.
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Figure 4. ROC curve on the length of MVC for histological diagnosis. ROC,
receiver-operating characteristic; MVC, macroscopic visible core.

the puncture, which may be helpful for institutions unable to
perform ROSE. Using this cut-off length to guide the puncture
process is expected to improve the rate of diagnosis by FNA,
reduce the number of punctures and subsequently reduce the
occurrence of potential needle tract metastases, which may
benefit patients with surgically resectable caudal pancreatic
body tumors.

A standardized MOSE procedure has not yet been estab-
lished and evidence regarding its guidance for the puncture
procedure is limited and controversial (2,11,17,28). By
performing MOSE on specimens obtained with a 22G FNA
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Table VI. Univariate and multivariate logistic regression analysis associated with accurate histological diagnosis.

Univariate Multivariate

Characteristic OR (95% CI) P-value OR (95% CI) P-value
Sex

Male 0.355 (0.110-1.140) 0.082 0.435 (0.094-2.010) 0.286

Female 1.000 1.000
Age, years 1.027 (0.984-1.073) 0.223 1.044 (0.982-1.110) 0.165
Location of lesions

Pancreatic lesions 0.453 (0.128-1.603) 0.220 0.423 (0.083-2.147) 0.299

Non-Pancreatic lesions 1.000 1.000
Size of lesions 1.042 (0.999-1.087) 0.056 1.053 (0.992-1.118) 0.092
Number of punctures 1.778 (1.022-3.094) 0.042 1.688 (0.867-3.287) 0.123
Length of MVC, mm

>13 10.091 (2.705-37.648) 0.001 9.426 (1.923-46.204) 0.006

<13 1.000 1.000

P<0.05 was considered to indicate a statistically significant difference.

needle, the present study aimed to investigate the effect of
MOSE on the results of FNA guided by a standard 22G needle
and to determine the optimal cut-off value of MVC length
required to perform an accurate histological diagnosis, with
the aim of using this length to guide the subsequent FNA
procedure and improve the FNA positivity rate and safety.

The present study showed that FNA combined with MOSE
was superior to conventional FNA for the diagnosis of solid
masses, with statistical differences in diagnostic sensitivity
and accuracy, suggesting that MOSE can be used to improve
the diagnostic efficiency of FNA when ROSE cannot be
performed. MVC length may predict the correct histologic
diagnosis of FNA; an MVC length >13 mm may provide
accurate histological pathology results, corresponding to a
sensitivity of 90.2% at this truncation length, following which
the FNA operation can be terminated. Univariate and multi-
variate logistic regression analyses also showed that MVC
length =13 mm influenced accurate histopathological diag-
nosis and puncturing with this cut-off length as a reference
was expected to improve the FNA positivity rate and reduce
the number of punctures required for diagnosis.

The MOSE procedure involves several steps such as visual
observation, collection and measurement of MVC length,
which may prolong the operation time; however, the results of
the present study showed that the operative time in the FNA
combined with MOSE group was not significantly different
from that in the conventional FNA group, indicating that
MOSE did not significantly increase the operative time.

The advantage of the present study is that it selected the most
widely used 22G standard FNA needle for puncture, whereas
most previous related studies used 19G standard FNA needles
and 22G FNB puncture needles. Although these needles are of
higher caliber and more likely to obtain the core tissue, their
stiffness and poor flexibility reduce the feasibility of FNA
and limit the endoscopic position, angle and forceps lifter
function, increasing the potential risk of complications (29).

Compared with FNA needles, FNB needles are characterized
by their lateral beveled orifice or barb (5), a special design
that improves tissue access; however, owing to the charac-
teristics of the FNB tip shape and the stiffness of the needle
body, this procedure is more difficult than that using standard
FNA needles, which is more commonly performed by less
experienced endoscopists (17). 22G standard FNA needles are
more flexible and visualization is improved under ultrasound
for obtaining adequate cytology or histology samples without
increasing the risk of operation-related complications (5). The
effect of MOSE on the diagnostic role of the 22G standard
FNA needle has not been fully elucidated and studies on the
relationship between MVC length obtained with the 22G FNA
needle and histological diagnosis are lacking.

In the present study, MVC was observed in 98.4% (63/64)
of patients in the FNA combined with MOSE group, while
pathological diagnostic information was available in only
89.1% (57/64) of patients. This indicated that the MVC did not
contain valuable diagnostic components in six patients and
the white or yellowish samples in these cases could have been
necrotic material or fibrous components. Thus, MOSE is not
completely accurate for visual inspection and it may mistake
non-diagnostic components for meaningful pathological tissue,
leading to the occurrence of false-negative diagnosis. Moreover,
unlike ROSE, it cannot assess the presence of tumor cells;
hence, obtaining a large number of samples and a longer MVC
does not necessarily lead to a correct diagnosis. In this context,
the assessment in the present study of the relationship between
MVC length and histological diagnostic accuracy is of greater
clinical value, especially for pancreatic lesions, where pancre-
atic adenocarcinoma often contains a large fibrous component
and less substantial tissue or cellular components (30), which
may be mistaken for core tissue during visual assessment. A
study by Iwashita er al (11) also showed that pancreatic lesions
are important risk factors for false-negative puncture. The use
of computer analysis software to quantify the characteristics
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of core tissue (including chromaticity, transparency and hard-
ness) and to elucidate the criteria for good-quality core tissue
may reduce the number of false-negative cases to some extent,
compared to visual assessment (15).

The present study has several limitations. First, it was a
single-center retrospective study with a small sample size,
which may lead to a bias in the FNA diagnostic results and
patient selection. For example, the small number of GIST
cases made it difficult to group by lesion type. Therefore, the
present study attempted to minimize the selection bias through
quality score matching, such as number of functions, operation
time and function route. (Tables I and II). Further validation
in multicenter studies with larger sample sizes may be needed,
considering the differences in equipment and technical level
between the various procedures. Second, the present study
only performed a preliminary study with the 22G FNA needle
and the results may vary when other types of puncture needles
are used for tissue sampling. In addition, the amount of tissue
obtained by aspiration with the 22G FNA needle is relatively
small compared with the tissue obtained using large-bore
puncture needles. Further, it is often difficult to identify MVC
in samples containing large amounts of blood-based compo-
nents, which may require a body vision microscope for the
collection and measurement of MVC. Finally, the diagnostic
expertise of different pathologists may vary and all FNA
specimens may not be judged by the same pathologist; use of
blinded methods can only minimize the relevant variability.

Based on the current evidence, FNB using Franseen
or Fork-tip needles is a clinically preferred scheme for
solid lesions (31). However, in cases where FNB cannot be
performed, FNA combined with MOSE may be used. When
using 22G FNA for puncture sampling of solid masses, an
MVC length of >13 mm may help to achieve an accurate
histologic diagnosis and this truncation length may be used
to guide the puncture procedure and improve the diagnostic
yield. MOSE helps to improve the diagnostic ability of FNA
for solid masses and may be a useful alternative to assess the
adequacy of puncture specimens in units where ROSE cannot
be performed.
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