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Background: Conventional endoscopic ultrasound-guided fine-needle aspiration (EUS-FNA) has some 
inevitable flaws in the detection of pancreatic solid tumors, such as an incomplete histological structure of 
the obtained pancreatic biopsy tissues and blood coagulation. Heparin can prevent blood coagulation, thus 
improving the structural integrity of the specimen. However, whether the combination of EUS-FNA and 
wet heparin can improve the detection of pancreatic solid tumors needs to be further explored. Hence, this 
study aimed to compare the EUS-FNA combined with wet heparin and the conventional EUS-FNA, and 
analyze the detection value of EUS-FNA combined with wet heparin for pancreatic solid tumors.
Methods: The clinical data of 52 patients with pancreatic solid tumors who had received EUS-FNA at the 
Wuhan Fourth Hospital from August 2019 to April 2021 were selected. Patients were divided into a heparin 
group and a conventional wet-suction group using a randomized number table. The total length of biopsy 
tissue strips, total length of white tissue core in pancreatic biopsy lesions [according to macroscopic on-
site evaluation (MOSE)], total length of white tissue core in each biopsy tissue, erythrocyte contamination 
in the paraffin sections, and postoperative complications were compared between the groups. The receiver 
operating characteristic curve was used to reflect the detection value of EUS-FNA combined with wet 
heparin for pancreatic solid tumors.
Results: The heparin group had a longer total length of biopsy tissue strips (P<0.05) and total length of 
white tissue core (P<0.05) than the conventional group. There was a positive correlation between the total 
length of white tissue core and the total length of biopsy tissue strips in both groups (conventional wet-
suction group: r=0.470, P<0.05; heparin group: r=0.433, P<0.05). The heparin group had milder erythrocyte 
contamination in the paraffin sections (P<0.05). The total length of white tissue core in the heparin group 
had the highest diagnostic performance, with a Youden index of 0.819 [area under the curve (AUC) =0.944]. 
Conclusions: Our research shows that wet-heparinized suction improves the quality of pancreatic solid 
tumor tissue biopsy obtained by 19G fine-needle aspiration and is a safe and efficient aspiration method in 
conjunction with MOSE for tissue biopsy. 
Trial Registration: Chinese Clinical Trial Registry ChiCTR2300069324.
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Introduction

Endoscopic ultrasound-guided fine-needle aspiration 
(EUS-FNA) is an eminent minimally invasive technique 
for diagnosing gastrointestinal tumors and potentially of 
great value in diagnosing and treating pancreatic solid 
tumors (1,2). However, conventional EUS-FNA has some 
defects, such as an incomplete histological structure of the 
obtained pancreatic biopsy tissues and blood coagulation, 
that compromise the quality of the specimen (3). There 
are currently multiple approaches to improve the quality 
of biopsy samples, such as negative micro-pressure and 
fan-shaped puncture, but these methods are subject to 
the operator’s experience and skill (4-6). Wet suction 
can improve the biopsy specimen integrity but fails to 
effectively reduce blood contamination (3,7). Heparin 
can prevent blood coagulation by reducing the adhesion 
between the biopsy tissue strips and the wall of the needle 
tube, thus improving the structural integrity of the 
specimen, increasing the sample quality, and reducing blood 
contamination (8). Although its safety for aspiration has 
been fully validated, whether EUS-FNA combined with 
wet heparin is helpful for the detection of pancreatic solid 
tumors remains to be proven. Therefore, this study aimed 
to perform EUS-FNA using wet-heparinized suction for 

patients with pancreatic solid tumors to assess the effect 
of heparin on improving the structural integrity of the 
biopsied tissue, increasing specimen quality, and reducing 
blood contamination (9). We used a 19G fine needle for 
the puncture and applied macroscopic on-site evaluation 
(MOSE) (10) for the specimen evaluation. MOSE could 
be helpful in the diagnosis of pancreatic malignancies. It 
is poorly studied how to improve the diagnostic efficiency 
of MOSE in pancreatic cancer diagnosis by improving the 
quality of the samples. Therefore, further exploration of 
this issue would be necessary. We have proposed for the 
first time the use of wet-heparinized suction in processing 
the puncture path, in combination with MOSE. We hope 
this would improve the diagnostic efficiency of MOSE for 
pancreatic cancer by improving the quality of the samples.

A larger puncture needle could obtain as many specimens 
as possible to facilitate the subsequent diagnosis. We aimed 
to assess the effectiveness of this method in improving 
biopsy specimen quality in pancreatic solid tumors and 
guiding optimum aspiration strategies. We present the 
following article in accordance with the STARD and 
CONSORT reporting checklists (available at https://
gs.amegroups.com/article/view/10.21037/gs-22-742/rc).

Methods

Study participants

A total of 52 patients with pancreatic solid tumors admitted 
to the Wuhan Fourth Hospital between August 2019 and 
April 2021 and who agreed to receive EUS-FNA were 
enrolled in the current study. All patients were given 
detailed information about the two aspiration methods 
and potential complications and were assigned to two 
groups using a randomized number table. There were 
27 patients assigned to the experimental group (heparin-
based aspiration, heparin group) and 25 to the control 
group (conventional wet-suction group). Clinical data were 
collected, including patient age, gender, type of tumor, 
and puncture site. The study conformed to the provisions 
of the Declaration of Helsinki (as revised in 2013). This 
study was approved by the Ethics Committee of Wuhan 
Fourth Hospital (ID: KY 2019-022-01). Participants signed 
informed consent.

Highlight box

Key findings
• Wet-heparinized suction in conjunction with macroscopic on-site 

evaluation improved the quality and aspiration efficiency of tissue 
biopsy for pancreatic solid tumors.

What is known, and what is new?
• EUS-FNA has some defects, such as an incomplete histological 

structure of the pancreatic biopsy specimen and blood coagulation. 
Wet-heparinized suction could improve the histological integrity 
of pancreatic biopsy specimens and reduce blood contamination.

• Macroscopic on-site evaluation can improve FNA efficiency.

What is the implication, and what should change now? 
• Wet-heparinized suction can improve the quality and efficiency 

of FNA for pancreatic biopsy specimens in conjunction 
with macroscopic on-site evaluation, thus reducing surgical 
complications.
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Inclusion criteria

(I) Patients who were aged over 18.
(II) The presence of a solid space-occupying lesion in the 

pancreas confirmed by imaging and laboratory testing.
(III) A suspected diagnosis of solid pancreatic tumor. 

Exclusion criteria

(I) Concomitant  with  coagulat ion dysfunct ion: 
international normalized ratio (INR) >1.5 or blood 
platelet count <8×104/mm3.

(II) Unable to cooperate with the procedure.
(III) Solid lesions with cystic changes in the pancreas.

Operating equipment and operator
Ultrasound mainframe: HI VISION Avius. Ultrasonic 
e n d o s c o p e :  E G - 3 8 7 0 U T K .  F i n e  n e e d l e :  1 9 G 
SonoTipProContr puncture needle (GUS-33-21-019, 
Germany, Medi-Globe GmbH). All procedures were 
conducted by one highly qualified endoscopist who had 
performed more than 500 EUS-FNA procedures. 

Puncture process
Conventional wet suction
EUS was used to locate the puncture target, and the 
puncture was conducted without a needle core. Saline was 
injected into the needle cavity before each puncture with 
10 mL negative pressure. Punctures were performed three 
times, lifting and thrusting 40–50 times each.
Wet-heparinized suction
The pre-puncture preparation was the same as the 
conventional wet suction, without a needle core, and  
100 U/mL of heparin saline was injected into the needle 
cavity. The tail of the needle was connected to a negative 
pressure syringe (containing 5 mL of heparin solution at the 
same concentration with 10 mL of negative pressure). The 
puncture method was the same as the routine puncture, and 
the above operation was repeated before each puncture. 
Liquid-based cytology was performed after collecting the 
flushing fluid. The remainder of the process was the same 
as the conventional method. 

Specimen collection and processing
Collection
(I) A needle core was used to push the strip tissue specimen 
onto a transparent plate with a diameter of 10 cm (10% neutral 
formalin-fixed solution). The plate was shaken intermittently, 
and the quality of the specimen was observed by the naked 

eye. (II) A 10 mL syringe was vacuumized, and the residual 
hemorrhagic tissues in the needle cavity were extracted onto 
the slide to make cell smears (3–6 smears at a time). (III) The 
hemorrhagic tissues within the negative pressure syringe and 
the flushing fluid of the needle were collected.
Processing
(I) Paraffin sections were made for hematoxylin-eosin (HE) 
and immunohistochemical staining. (II) The cell smears 
were air-dried for Pap staining. (III) The hemorrhagic 
tissues and flushing fluid of the needle were collected for 
liquid-based cytological examination (centrifugation and 
membrane negative pressure suction).

Data measurement and evaluation criteria
The measured value was accurate to 1 mm.

The total length of the biopsy tissue strip was measured 
(the length of the needle core used to push out the tissue 
strip completely from the needle cavity). The total length 
of the white part in the tissue strip (white tissue core) was 
measured using a metric ruler. The length of the white 
tissue core obtained by the first, second, and third punctures 
was measured respectively.
Pathological result assessment criteria
Positive: benign, malignant, or atypical cells were identified 
in the pancreatic tissues; negative: no benign, malignant, or 
atypical cells were observed in the pancreatic tissues.
Specimen integrity evaluation criteria
Great: continuous tissue strips with minimal breakages 
(<30% of the total length); good: partially continuous tissue 
strips with partial breakages (<60% of the total length); 
poor: discontinuous tissue strips with multiple breakages 
(>60% of the total length). 
Specimen pathological quality assessment
Good: sufficient tissues were obtained for pathological 
diagnosis, and enough tissues for immunohistochemical 
staining if necessary; poor: insufficient tissues were obtained 
for pathological diagnosis. The quality was assessed by a 
pathologist. 
Evaluation criteria of blood contamination
Great: no red blood cells/monolayer red blood cells were 
observed, with no accumulation; good: red blood cell 
accumulation was less than one high-power field; qualified: 
red blood cell accumulation was over one high-power field. 

The pathological results were diagnosed by two senior 
pathologists.

Follow-up
Routine blood examination, serum amylase, and other 
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indexes and clinical symptoms and signs were monitored 
within 48 hours of puncture to identify any complications 
(intrapancreatic hemorrhage, elevated serum amylase, 
gastrointestinal bleeding, or gastrointestinal perforation). 
In-hospital observation or telephone follow-up after 
discharge was continued for one week.

Statistical analysis

The statistical analysis was performed using SPSS (v 
18.0, IBM.com). A normality test was conducted for the 
quantitative data using the Shapiro-Wilk test. Normally 
distributed quantitative data were expressed as the mean ± 
standard deviation (SD), and the independent-sample t-test 
was performed for comparisons between the groups. Non-
normally distributed quantitative data were expressed as M 
(P25, P75), and the Wilcoxon rank-sum test was performed 
for comparisons between the groups. The qualitative data 
are expressed by the number of cases. Chi-square test was 
used for comparison between groups, and correction for 
continuity chi-square test was used when 25% of the cell 

frequencies were lower than 5. The Fisher exact probability 
method was used when the theoretical frequency was less 
than 5. Measurement data were expressed by percentage, 
and the Wilcoxon rank-sum test was applied for ranked data. 
A linear correlation analysis was used for normally distributed 
data. Receiver operating characteristic (ROC) curve was 
used to reflect the detection value of EUS-FNA combined 
with wet heparin for pancreatic solid tumors. The area under 
the curve (AUC) was compared to identify the optimal cut-
off value. A two-sided P value less than 0.05 indicated a 
statistically significant difference.

Results

Patient characteristics 

A total of 48 patients were included, with 22 in the 
conventional group and 26 in the heparin group. Three 
cases were excluded because they were unable to cooperate 
with the procedure, and one case contained cystic lesions 
(Figure 1) (Table 1).

Enrollment Assessed for eligibility (n=52)

Excluded (n=0)
• Not meeting inclusion criteria (n=0)
• Declined to participate (n=0)
• Other reasons (n=0)

Randomized (n=52)

Allocated to intervention (n=25)
• Received allocated intervention (n=22)
• Did not receive allocated intervention (n=3)

Allocated to intervention (n=27)
• Received allocated intervention (n=26)
• Did not receive allocated intervention (n=1)

Allocation

Lost to follow-up (n=0)
Discontinued intervention (n=0)

Lost to follow-up (n=0)
Discontinued intervention (n=0)

Follow-up

Analysed (n=22)
• Excluded from analysis (n=0)

Analysed (n=26)
• Excluded from analysis (n=0)

Analysis

CONSORT 2010 flow diagram

Figure 1 The recruitment process for study participants.
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Table 1 Baseline characteristics of the participants

Characteristics Heparin group Conventional group Statistic P value

Age (year) (mean ± SD) 60.50±10.44 59.55±12.04 t =0.294 0.770

Gender t =0.099 0.753

Male 13 12

Female 13 10

Tumor site

Pancreatic head 5 4

Pancreatic body 12 10

Pancreatic tail 9 8

The longest diameter (mm) (mean ± SD) 17.35±3.50 17.95±3.34 t =−0.613 0.543

Pathological type

PDAC 25 22

PET 1 0

Site of puncture

Stomach 23 18

Duodenum 3 4

SD, standard deviation; PDAC, pancreatic ductal adenocarcinoma; PET, pancreatic endocrine tumor.

There were 13 males and 13 females in the heparin 
group (mean age: 60.50±10.44) and 12 males and 10 
females in the conventional group (mean age: 59.55±12.04)  
(t =0.294, P=0.770). No statistically significant difference 
was observed in the solid tumor volumes between the 
two groups (t =−0.613, P=0.543). A total of seven patients 
received duodenum puncture, and pancreatic ductal 
adenocarcinoma accounted for most of the diagnosed cases 
(47/48, the remaining case was diagnosed with pancreatic 
endocrine tumor). Most of the tumors occurred in the body 
and tail of the pancreas (39/48).

Comparison of puncture results

The heparin group had a longer total length of tissue strips 
(P<0.05) and a longer total length of white tissue core 
(P<0.05) than the conventional group (Figure 2). The total 
length of white tissue core in the heparin group was greater 
in the first puncture than in the second or third puncture 
(P<0.05). The heparin group had a significantly longer total 
white tissue core length from the first puncture compared 
with the conventional group (W =545, P<0.05) (Table 2). 
There was a positive correlation between the total length 

of white tissue core and the total length of tissue strips in 
the two groups (conventional wet-suction group: r =0.470, 
P<0.05; heparin group: r =0.433, P<0.05). The heparin 
group had milder erythrocyte contamination in the paraffin 
sections (χ2=6.506, P<0.05) (Table 3).

The heparin group had higher-quality specimens 
compared with the conventional group, and the difference 
was statistically significant (P<0.05). Taking the “good” 
pathological specimen quality as the gold standard for 
diagnostic analysis, the optimal cut-off value of the 
specimen total length in the heparin group was 477.50 mm,  
the sensitivity was 61.10%, the specificity was 100%, 
and the Youden index was 0.611 [AUC =0.774; 95% 
confidence interval (CI): 0.597–0.951; P<0.005]. The 
optimal cut-off value of white tissue core total length 
in the heparin group was 55.50 mm, the sensitivity was 
94.40%, the specificity was 87.50%, and the Youden index 
was 0.819 (AUC =0.944; 95% CI: 0.857–1.000; P<0.05). 
The optimal cut-off value of the white tissue core length 
in the first puncture was 34.50 mm in the heparin group, 
the sensitivity was 66.70%, the specificity was 87.50%, 
and the Youden index was 0.542 (AUC =0.806; 95% CI: 
0.637–0.974; P<0.05) (Figure 3).
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Figure 2 The specimens obtained from the first to third puncture in the heparin group (A-C). The specimens obtained from the first to 
third puncture in the control group (D-F).

A B C

D E F

Table 2 Comparison of the total length of tissue strips between the two groups

Tissue strips and White tissue core Heparin group Conventional group Statistic P

Total length of tissue strips (mm) (M, P25, P75) 469.50 (458.50, 529.25) 379 (335.75, 418.75) W =535 <0.05

Total length of white tissue core (mm) (mean ± SD) 62.23±9.92 50.55±12.05 t =3.690 <0.05

Total length of white tissue core (mm) (first puncture) (M, P25, P75) 34.50 (28.50, 42.25) 17 (14.25, 20) W =545 <0.05

Total length of white tissue core (second puncture) (mm) (mean ± SD) 16.31±4.66 21.00±5.63 t =3.159 <0.05

Total length of white tissue core (third puncture) (mm) (M, P25, P75) 11 (9, 13) 11.50 (10, 14.75) W =257.500 >0.05

M, median; P25, lower quartile; P75, upper quartile.

Complications

Postoperative hyperamylasemia occurred in five patients, 
three of whom were in the heparin group (two received 
intra-stomach puncture, and one received duodenum 
puncture). The two patients from the conventional group 
both received intra-stomach punctures. They all recovered 
after receiving conservative medical treatment. There was 

no difference in the incidence of complications between 
the two groups (χ2=0.077, P>0.05) or among the different 
puncture sites (χ2=0.132, P>0.05).

Discussion 

EUS-guided biopsy is the preferred method for diagnosing 
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pancreatic solid tumors (11). 

Wet fine-needle puncture is an improved puncture 

technique. Sisman et al. (12) reported that the wet tubing 

wall forms a water film to prevent adhesion between the 

tissues and the tubing wall, which increases the amount 

of tissue obtained. We selected the 19G puncture needle 

for wet suction in this study because a puncture needle 

with a thicker diameter ensures a maximum amount of 
specimen can be obtained to facilitate the pathological 
and immunohistochemical diagnosis (13). Although it is 
generally believed that the performance of thicker puncture 
needles is unsatisfactory in some specific locations, such as 
the duodenum (14), a recent study by de Nucci et al. (15) 
has confirmed the feasibility and accuracy of using 19G 
puncture needles to obtain samples from the duodenum.

Heparin (16) has previously been used in percutaneous 
liver puncture to increase the specimen yield by reducing 
blood coagulation during the puncture process. Subsequent 
studies (8,12) have adopted heparin for EUS-guided fine-
needle liver biopsy and discovered that heparin prevented 
the adhesion of tissue strips to the needle tubing wall 
because of blood coagulation, thus increasing the amount 
of obtained specimen. A recent study has explored the 
merits of wet-heparinized pancreas biopsy (17), but there 
is currently no data available to explore its effect on the 
quality of pancreatic specimens. Our study found that the 
heparin group had longer pancreatic tissue strips than the 
conventional group (P<0.05), which indicated that the 
coagulative activity of heparin increased the sample yield in 
the pancreatic biopsies.

Attempts have been made for the assessment of biopsy 
pancreatic cancer specimens under the guidance of EUS. 
Rapid On-site Evaluation (ROSE) could perform real-time 
cytological assessment for the biopsy specimens, and could 
determine the number of times for FNA (18). Even so, 
controversies exist among the current studies about using 

Table 3 Specimen assessment

Specimen quality and BCPS Heparin group Conventional group Statistic P

Specimen integrity 

Great 3.30 1.27 W =181 <0.05

Good 36.85 26.82 W =186 <0.05

Poor 59.85 71.91 W =409.500 <0.05

SPQ χ2=3.884 <0.05

Good 18 9

Poor 8 13

BCPS χ2=6.506 <0.05

Great 8 4

Good 13 6

Qualified 5 12

BCPS, blood contamination in paraffin section; SPQ, specimen pathological quality.
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Figure 3 The ROC of the TLBS, the TLWC, and the LWC-F. 
TLBS, total length of biopsy specimen; TLWC, total length of 
white tissue core; LWC-F, white tissue core length in the first 
puncture from the heparin group; ROC, receiver operating 
characteristic.
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ROSE to improve the diagnostic performance of EUS-
FNA (19). Despite the practicability of ROSE, its operation 
still needs the assistance of pathologists. Some researchers 
have proposed MOSE as an alternative that could also 
improve the diagnostic performance of EUS-FNA (20,21).

We also used MOSE, which can quantitatively evaluate 
the red and white parts of the puncture tissues, in which the 
white part (white tissue core) is often purer pancreatic lesion 
tissue (22). The total length of white tissue core in the 
heparin group was longer than in the control group (P<0.05), 
suggesting that using heparin may increase the amount 
of white tissue core collected. Meanwhile, the specimen 
integrity in the heparin group was better than in the 
control group, which is essential for accurate pathological 
diagnosis. Kaneko et al. measured the length of the white 
tissue core by manual cutting and linear arrangement (23). 
However, this method potentially results in a large amount 
of tissue loss and compromises the integrity of the tissue 
strip, so we chose not to cut the specimen to perform direct 
measurement in an effort to guarantee histological integrity. 
The heparin group had more “great” and “good” specimen 
integrity categories than the control group (P<0.05). In 
summary, wet-heparinized suction improved the extraction 
of pancreatic white tissue core more effectively than the 
conventional wet-suction method (19). With the deepening 
exploration by recent studies, the quality of the EUS 
biopsy specimens has been significantly improved. The 
pathological diagnosis of the specimens has shifted from 
cytology to histology, and is now changing to genetics. 
Several studies perform Next Generation Sequencing (NGS) 
for endoscopic ultrasound-guided tissue acquisition (EUS-
TA), use genetic analyses to guide the clinical diagnosis, and 
construct clinical models to guide the treatment (24,25). 
These make it possible to conduct the Precision Medicine.

Diagnostic analysis of the heparin group showed that the 
total length of the biopsy specimen, total length of white 
tissue core, and the white tissue core length in the first 
puncture were associated with “good” pathological quality. A 
comparison of the AUC of the three variables indicated that 
the total length of white tissue core had the largest area under 
the curve If the total length of white tissue core obtained 
by wet-heparinized suction reached 55.50 mm (sensitivity 
94.40%, specificity 87.50%), the biopsy specimen was 
considered great quality. We found that in most cases, the 
total length of white tissue core reached above the optimal 
cut-off value after the second puncture, indicating that wet-
heparinized suction might help to reduce the number of 
punctures needed, which in turn could reduce the incidence 

of related complications.
Severe fibrosis in the pancreatic peritumoral tissues 

can cause the white tissue strips to mingle with segmental 
fibrotic tissues (10,17,23), leading to bias in the MOSE. 
Therefore, additional laboratory diagnosis is essential. 
There were 45 cases that were directly diagnosed in this 
study via paraffin section, and the remaining three cases (two 
in the conventional group and one in the heparin group) 
were subsequently diagnosed by cytological smear and 
immunohistochemistry. 

Liquid-based cytology is an effective complement to 
FNA, with the ability to collect and concentrate more 
tumor cells and reduce blood contamination. Sekita-
Hatakeyama et al. (26) performed NGS for liquid-based 
cytological specimens to assess the mutations of KRAS, 
TP53, CDKN2A, SMAD4, and PIK3CA, which could 
improve the diagnostic efficiency of FNA for pancreatic 
tumors. The PDAC protein found by Souche et al. (27) 
in liquid-based cytological specimens could be a potential 
biomarker for pancreatic tumors.

The cytological images from the paraffin sections of 
the diagnosed cases were all positive, which suggests that 
laboratory examination might be more sensitive in positive 
cases (28). There was very little erythrocyte contamination 
in the heparin group (P<0.05), supporting the previous 
speculation that heparin might reduce the hemagglutination 
in the puncture tissue strip. Heparin processing of the 
puncture specimens did not interfere with the cytological or 
immunohistochemical detection, which is consistent with 
the conclusion made by Diehl (29).

Hyperamylasemia occurred in five patients but returned 
to normal after 1–2 days of medical treatment. The 
remaining patients had no related complications. There was 
no significant difference in the incidence of complications 
between the groups or among the different puncture sites 
(P<0.05). The follow-up was extended to March 2023 for all 
the participants. There were 5 participants (2 in the heparin 
group and 3 in the control group) who had lost to follow-up. 
Among the remaining 43 patients, only 2 are still alive after 
receiving surgery and conventional treatments, and the other 
patients had died. Their survival time ranged from 3 months 
to 5 months. All of these patients reported no relevant 
adverse events after receiving the biopsy. This demonstrates 
that heparin is safe for pancreatic puncture (30,31). 

In this study, we made the following observations: (I) 
heparin can increase the total length of pancreatic white 
tissue core specimens, improve histological integrity, reduce 
blood contamination, and facilitate pathological diagnosis. 
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(II) The use of MOSE for the total length of pancreatic 
white tissue core and specimen integrity evaluation is an 
important reference index for wet-heparinized suction 
strategies for pancreatic solid tumors. It has certain 
merits in reducing the number of unnecessary punctures 
and the risk of complications. (III) Cytological and 
immunohistochemical detection of the puncture specimens 
is an essential adjunct and supplement for pathological 
diagnosis after FNA and provides evidential support for the 
follow-up treatment of pancreatic tumors. (IV) The use of 
heparin is safe and feasible in pancreatic EUS-FNA.

The main limitation of this study was the small number 
of cases included, in the future, randomized controlled trials 
with larger sample sizes will be needed. Additionally, the 
efficacy of using different puncture needle sizes and tubing 
diameters when performing EUS-FNA remains to be 
elucidated. 

Conclusions 

This study has demonstrated that wet-heparinized suction 
improved the quality of biopsy specimens obtained by 19G 
fine-needle aspiration for pancreatic solid tumors, with 
considerable safety. MOSE of biopsy specimens is helpful 
for improving puncture efficiency and reducing the risk of 
related complications.
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