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Abstract

Background Despite lack of evidence, use of a stylet

during endoscopic ultrasound-guided fine-needle aspiration

(EUS-FNA) is assumed to improve the quality and diag-

nostic yield of specimens.

Aim The purpose of this study was to compare EUS-FNA

specimens obtained with stylet (S?) and without stylet

(S-) for: (i) cellularity, contamination, adequacy, and

amount of blood and (ii) diagnostic yield of malignancy.

Methods Patients who underwent EUS-FNA of solid

lesions by two experienced endosonographers at a tertiary

referral center using a 22-gauge FNA needle with suction

were included. Stylet was used for all EUS-FNA proce-

dures performed between January 2006 and September

2007 and no stylet was used between October 2007 and

April 2009 allowing comparison between the two tech-

niques. Cytology slides were retrieved, de-identified and

evaluated by two experienced cytopathologists blinded to

FNA technique. Slides were evaluated for cellularity,

degree of contamination, adequacy, amount of blood and

cytologic diagnosis. Fisher’s exact and unpaired t-test were

used for comparative analysis.

Results A total of 162 patients with 228 lesions were

included. FNA of 106 and 122 lesions each was performed

in the S? and S- groups, respectively. FNA sites included

pancreas [41 (18%)], lymph node [125 (55%)], liver [20

(9%)], adrenal [21 (9%)] and others [21 (9%)]. No signif-

icant differences in the cellularity (P = 0.37), contamina-

tion (P = 0.18), significant blood (P = 0.42) and adequacy

of specimen (P = 0.45) were found between S? and S-

specimens. There was no statistically significant difference

in the diagnostic yield of malignant lesions (P = 0.48).

Conclusions The use of stylet during FNA does not

appear to confer any advantage with regards to the ade-

quacy of specimen or diagnostic yield of malignancy.
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Introduction

Endoscopic ultrasound-guided fine-needle aspiration (EUS-

FNA) has become widely accepted as an effective modality

in the diagnostic evaluation of lesions in the gastrointestinal

tract and mediastinum as well as other adjacent organ sites

[1]. FNA under EUS guidance provides clinically important

diagnostic and prognostic information–pathologic confir-

mation of the presence (or absence) of malignancy and/or

metastasis to secondary sites (‘histologic staging’) [2, 3].

The most common indications of EUS-FNA include

evaluation of pancreatic masses, mediastinal and intra-

abdominal lymphadenopathy, liver masses, left adrenal

masses and gastrointestinal submucosal lesions [4–7]. The
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strongest support for EUS-FNA has been documented in

cases in which other biopsy techniques such as computer-

ized tomographic (CT) guided biopsy or endoscopic ret-

rograde cholangiopancreatography (ERCP) have failed [1].

EUS-FNA has been reported to provide a diagnostic yield

of 80–95% after other diagnostic attempts have failed

[5, 8]. Thus, EUS-FNA is fast becoming an indispensable

tool for gastroenterologists that can have a tremendous

impact on patient management.

Various techniques have been described to optimize

accuracy, efficiency, and quality of EUS-FNA specimens.

FNA is typically performed using a 22- or 25-gauge needle

with a stylet under EUS guidance [9–15]. There are several

variables that impact the overall diagnostic yield of EUS-

FNA such as skill and experience of the endosonographer

and cytopathologist, type and diameter of the needle,

ability to puncture the lesion, use of aspiration/suction as

opposed to reliance on the capillary and shearing action of

the needle, number of passes performed, sample prepara-

tion, immediate cytologic evaluation in the procedure

room, and pathologic interpretation [10, 16–23].

All commercially available EUS-FNA systems include a

removable stylet. It is currently believed that the use of a

stylet during EUS-FNA helps prevent clogging of the

lumen of the needle by gut wall tissue (as the needle tra-

verses it) which could limit the ability to aspirate cells from

the target lesion. Use of stylet is thought to improve the

quality of specimens and hence enhance the diagnostic

yield of specimens obtained. Although this is a logical

assumption, there are no data demonstrating clearly that the

use of a stylet increases the diagnostic yield or improves

the quality of specimens obtained by EUS-FNA.

The specific aims of this study were to compare speci-

mens obtained by EUS-FNA with and without stylet for

(i) the degree of cellularity, adequacy, contamination, and

amount of blood and (ii) the diagnostic yield of malignancy.

Methods

Study Design

This was a retrospective, case–control study that was

approved by the Institutional Review Board (IRB) at the

Kansas City Veterans Administration Medical Center. A

waiver of informed consent was obtained through the IRB.

Patients

Using the pathology electronic medical record system at the

Kansas City Veterans Administration Medical Center, all

patients undergoing EUS-FNA for evaluation of solid

lesions (pancreatic mass, liver mass, left adrenal mass,

gastrointestinal submucosal lesions, lymph nodes, medias-

tinal mass) from January 2006 to April 2009 were identified.

Only patients with at least 6 months of radiologic or clinical

follow-up post-EUS-FNA were included in this study. The

computerized patient record system was reviewed to obtain

patient demographics, site of lesion, EUS characteristics of

the lesion, and radiologic, endoscopic and clinical follow-up

information by one of two investigators (NG, SW).

EUS-FNA Technique

EUS was performed with a curved linear array echoendo-

scope (GF-UC30P or GF-UCT30, Olympus, America, Inc.)

by two experienced ([500 cases) endosonographers (AR,

MO). The procedures were carried out with the patients

in the left lateral position under moderate sedation with

intravenous midazolam and intravenous meperidine or

fentanyl. FNA was performed with a 22-gauge needle

(Cook Medical, Inc., Winston Salem, NC) under EUS

guidance with continuous suction using a 10-mL syringe.

All EUS-FNA procedures performed from January 2006 to

September 2007 were with the stylet while all those from

October 2007 until April 2009 were without the stylet. It is

routine practice at this tertiary referral center to have a

cytopathologist in the room at the time of EUS-FNA.

Assessment of Cytology and Final Diagnosis

All cytology slides prepared from the EUS-FNA procedures

were retrieved and de-identified. These slides were then

randomly allocated to two experienced cytopathologists

(MR, OU) who were blinded to the FNA technique (with or

without stylet). All the slides from one patient were allo-

cated to one cytopathologist. The distribution of patients

undergoing EUS-FNA with and without stylet was equal

between the two cytopathologists. All slides were evaluated

for five criteria—cellularity, contamination, amount of

blood, adequacy of specimen and final diagnosis (Table 1).

An overall impression for these criteria was based on review

of all slides and results were entered in a case report form

followed by creation of an ACCESS database. Final inter-

pretation for every lesion was provided based on review of

all the on-site slides [stained with Romanowsky’s stain

(DiffQuik)], slides prepared on-site and stained later

(Papanicolaou stain), and examination of thin-layer cytol-

ogy or cytospin/cell block material prepared from the cel-

lular material placed in the Saccomano or cytolyte solution.

The ideal benchmark for EUS-FNA performance

requires a criterion standard of either surgical pathology or

long-term follow-up [10]. The composite criterion standard

for each lesion was based on the EUS-FNA cytology

report, surgical pathology (if available), repeat radiological

imaging, and clinical follow-up. A final diagnosis of a
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benign lesion was made if the cytologic specimen was not

definite for malignancy (normal, atypical, suspicious) and

confirmed by surgical pathology, stable follow-up imaging,

or stable clinical course for at least 6 months follow-up.

Lesions were considered malignant if the EUS-FNA

cytology or subsequent surgical histologic specimen from

the lesion was definite for malignancy, or if there was

clinical deterioration over 6 months of follow-up or

increasing size of the lesion on radiological imaging during

follow-up. The final diagnoses were made by consensus

review of the patients’ electronic medical records by two

investigators.

Statistical Analysis

Statistical analysis was performed using Stata/IC Version

10.1 (StataCorp, College Station, Texas). Direct compari-

sons were made between the stylet group and the without

stylet group. All lesions were treated as independent

observations even if more than one lesion was sampled in a

single patient. The Wilcoxon-rank sum test was used for

continuous variables including age and lesion size. Fisher’s

exact test was used for categorical variables including

gender, race, lesion location, cellularity, contamination,

amount of blood, adequacy of specimen and diagnosis.

Results were considered statistically significant if P value

\0.05.

Results

A total of 162 patients [mean age 64.7 years (SD 11.2),

97.5% males, 78.7% Caucasians] with 228 lesions met the

study inclusion criteria. Lesion sites included pancreas [41

(18%)], lymph nodes [125 (54.8%)], liver [20 (8.8%)],

adrenal [21 (9.2%)], and others [21 (9.2%)]. The mean

number of passes in the entire cohort was 3.7 (SD 1.3); in

the pancreas 4.6 (SD 1.3) and lymph nodes 3.6 (SD 1.2).

Overall, cytologic diagnoses were malignant 85 (27.2%),

atypical 18 (7.9%), suspicious 8 (3.5%), benign 99

(43.4%), and inadequate 18 (7.9%) in the entire cohort. A

total of 72 patients with 106 lesions underwent EUS-FNA

with a stylet and 90 patients with 122 lesions underwent

EUS-FNA without a stylet.

The baseline patient and lesion characteristics between

the two groups have been highlighted in Table 2. Although

there was a higher proportion of Caucasians in the no stylet

group, there was no statistically significant difference in

mean age, gender, site and mean size of lesion between the

groups. The number of lesions in both groups was equally

distributed between the two cytopathologists (OU 114, MO

Table 1 Cytologic criteria
Criteria and grade Description

Cellularity: Percentage area of slides that contain cells of the representative lesion

0 No representative cells present

1 Representative cells present in \25% area of the slides

2 Representative cells present in 25–50% area of the slides

3 Representative cells present in [50% area of the slides

Contamination: Percentage area of slides that represent gastrointestinal contamination

0 No contamination seen

1 Contamination present in \25% area of the slides

2 Contamination present in 25–50% area of the slides

3 Contamination present in [50% area of the slides

Amount of blood

1 Minimal

2 Moderate

3 Significant

Adequacy of specimen

0 Inadequate

1 Adequate

Cytologic diagnosis

a Benign or negative for malignancy

b Atypical or inconclusive for malignancy

c Suspicious for malignancy

d Malignant

e Inadequate for reporting
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114). No significant differences in the cellularity

(P = 0.37), contamination (P = 0.18), significant blood

(P = 0.42), and adequacy of specimen (P = 0.45) were

found between with and without stylet specimens

(Table 3). EUS-FNA with stylet group had a higher pro-

portion of specimens with only a minimal amount of blood

compared to EUS-FNA without stylet [20 (18.9%) vs. 9

(7.4%), P = 0.02]. There was no statistically significant

difference in the proportion of specimens with a moderate

[43 (40.6%) vs. 57 (46.7%), P = 0.42] or significant

[43 (40.6%) vs. 56 (45.9%), P = 0.42] amount of blood

between the two groups. There was no statistically signif-

icant difference in the diagnostic yield of malignant lesions

[with stylet: 41/106 (38.7%) vs. without stylet: 44/122

(36.1%), P = 0.48]. Similarly, on a patient based analysis,

there was no difference between the two groups [with

stylet: 36/72 (50%) vs. without stylet: 40/90 (44.4%),

P = 0.48].

The final diagnosis of malignancy was designated to 94

patients and 116 lesions. The diagnostic yield of EUS-FNA

Table 2 Baseline

characteristics
Characteristic With stylet

(n = 72)

Without stylet

(n = 90)

P value

Median age (y, range) 65.1 (43–89) 64.4 (33–88) 0.55

Gender (males, %) 71 (98.6) 87 (96.6) 0.42

Caucasians (%) 51 (70.8) 76 (84.4) 0.03

Site of lesion (n, %) 0.5

Pancreas 14 (13.2) 27 (22.1)

Lymph node 62 (58.5) 63 (51.6)

Adrenal 11 (10.4) 10 (8.2)

Liver 9 (8.5) 11 (9)

Others 10 (9.4) 11 (9)

Median size of lesion (mm, range) 25.2 (2–70) 23.2 (5–120) 0.39

Table 3 Comparison of

cytologic characteristics

between the stylet and no stylet

groups

Characteristic With stylet

(n = 106)

Without stylet

(n = 122)

P value

Cellularity (n, %) 0.37

None 4 (3.8) 2 (1.6)

\25 15 (14.1) 27 (22.1)

25–50 34 (32.1) 37 (30.3)

[50 53 (50) 56 (45.9)

Contamination (n, %) 0.18

None 21 (19.8) 21 (17.2)

\25 66 (62.3) 64 (52.5)

25–50 14 (13.2) 29 (23.8)

[50 5 (4.7) 8 (6.6)

Amount of blood (n, %)

Minimal 20 (18.9) 9 (7.4) 0.02

Moderate 43 (40.6) 57 (46.7) 0.42

Significant 43 (40.6) 56 (45.9) 0.42

Adequacy of specimen (n, %) 0.45

Inadequate 6 (5.7) 11 (9)

Adequate 100 (94.3) 111 (91)

Cytologic diagnosis (n, %) 0.49

Benign 45 (42.4) 54 (44.3)

Atypical 7 (6.6) 11 (9)

Suspicious 6 (5.7) 2 (1.6)

Malignant 41 (38.7) 44 (36.1)

Inadequate for reporting 7 (6.6) 11 (9)
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for malignancy in pancreatic lesions was 61% (68.3% if

suspicious lesions are included in the malignant category).

Based on the final diagnosis, the accuracy of EUS-FNA for

pancreatic lesions was 85.7% (96.4% if suspicious lesions

are included in the malignant category). The diagnostic

yield of EUS-FNA for malignancy in lymph nodes was

25.6% (28.8% if suspicious lesions are included in the

malignant category). Based on the final diagnosis, the

accuracy of EUS-FNA for lymph nodes was 62.7% (70.5%

if suspicious lesions are included in the malignant cate-

gory). In the stylet group 43 patients and 58 lesions had a

final diagnosis of malignancy, whereas 51 patients and 58

lesions had a final diagnosis of malignancy in the no stylet

group (P = 0.69). Of the malignant lesions, S? passes

were positive in 41/58 (71%) vs. 43/58 (74%) for

S- passes (P = 0.29). If suspicious lesions are included in

the malignant category, S? passes were positive in 47/58

(81%) vs. 45/58 (77.5%) for S- passes (P = 0.82).

Discussion

EUS-FNA has emerged as an accurate and safe method for

diagnosing and staging gastrointestinal and some non-

gastrointestinal malignancies [24]. Despite the lack of evi-

dence, use of stylet during EUS-FNA is assumed to improve

the quality of specimen obtained and the diagnostic yield.

At the present time, it is common practice to re-insert the

stylet back into the needle prior to each FNA pass. How-

ever, the use of stylet during EUS-FNA procedure is cum-

bersome, labor intensive, prolongs procedure time and

administered dosage of sedation. Use of stylet also increases

the cost of EUS-FNA needle systems. In some circum-

stances, the stylet may actually make EUS-FNA more dif-

ficult as it may be hard to advance or remove the stylet once

the target lesion has been punctured. This tends to occur

when the echoendoscope is looped or the needle is bent

while accessing the lesion and a larger bore (19 gauge)

needle is being used. In addition, reinserting the stylet back

into the needle for the next pass can be difficult and

sometimes impossible especially if there is a kink or bend in

the needle sheath. On the other hand, the stylet may be

needed to stiffen the needle to allow puncture into a fibrotic

lesion. The stylet is also useful for carefully expressing the

material in a controlled manner onto the slides rather than

blowing the material onto the slides with air.

This retrospective study compared specimens obtained by

EUS-FNA with and without stylet for the diagnostic yield of

malignancy and cytologic characteristics such as cellularity,

contamination, amount of blood and specimen adequacy.

These cytologic characteristics were compared by using

well-defined criteria. This study demonstrates that com-

parison of EUS-FNA technique with and without stylet

yielded no significant differences in cellularity (P = 0.37),

contamination (P = 0.18), or adequacy of specimen

(P = 0.45). EUS-FNA without stylet group had a lower

proportion of specimens with minimal amount of blood

(P = 0.02); however, there was no statistically significant

difference in the proportion of specimens with a moderate/

significant amount of blood. There was no difference in the

diagnostic yield of malignancy (EUS-FNA with stylet: 50%

vs. EUS-FNA without stylet: 44.4%, P = 0.48) between the

two techniques.

The data comparing the effectiveness of EUS-FNA with

stylet to FNA without stylet is limited. In a prospective,

randomized controlled trial of EUS-FNA with and without a

stylet, Sahai et al. compared the adequacy, the bloodiness,

and the yield of FNA samples obtained with a stylet to FNA

without a stylet. A total of 111 patients undergoing EUS-

FNA of solid lesions performed with a 22-guage needle by a

single experienced endosonographer were included. Passes

were performed with or without stylet in a 1:2 ratio. From a

total of 309 needle passes (mean 2.3 passes/lesion), there

were 118 (38%) passes in the stylet arm and 191 (62%) in the

without stylet group. In this study, the use of stylet for EUS-

FNA was associated with a reduced specimen adequacy

(75% vs. 87%, P = 0.013) and more bloody specimen (75%

vs. 52%, P \ 0.0001) [25]. Similarly, another retrospective

study compared the yield and number of passes required to

obtain adequate samples among cases with and without stylet

in 47 consecutive patients and 54 sites (pancreas 55%, lymph

nodes 14%, liver/biliary 13%, and gastric or others 17%)

with the predominant use of 25-gauge needles. No difference

in cellularity, contamination and diagnostic yield was

reported between the two techniques [26].

A few limitations of this study merit consideration. The

main limitation of this study was the retrospective design

and comparison of the two techniques in two separate time-

frames. Although predefined criteria were used to compare

the cytologic characteristics of the specimens, there is still

a certain amount of subjectivity in their assessment by

cytopathologists. However, the cytopathologist were blin-

ded to the technique used to obtain the specimens in order

to obviate any bias in reporting. This study did not assess

the interobserver agreement among pathologists in the

assessment of EUS-FNA specimens. Variability in the

diagnosis of malignancy among pathologists and its impact

on the results cannot be excluded. Only 22-gauge EUS-

FNA needles were used in this study, and hence these

results may not be generalizable to other needle sizes.

Suction was used in all patients which may have increased

the amount of blood. More than half of the lesions in this

study were lymph nodes with a relatively smaller number

of lesions from the pancreas. The relatively small sample

size may have prevented the detection of difference in

cytologic characteristics and diagnostic yield between the
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two techniques for specific lesion sites. The follow-up

period for patients with no surgical pathology was rela-

tively short. Given the longitudinal nature of the study, the

impact of increasing experience of the endosonographer

with time on the tissue acquisition by EUS-FNA cannot be

excluded.

Thus the practice of using a stylet during EUS-FNA is

questionable in as to whether it improves the quality of the

specimen obtained. Results of this study challenge the

current belief that the use of a stylet during EUS-FNA helps

prevent clogging of the lumen of the needle by gut wall

tissue. The diagnostic yield, adequacy and quality of spec-

imens obtained by EUS-FNA without a stylet were found to

be equivalent to that with a stylet. If these results are con-

firmed by prospective multicenter randomized controlled

trials, it would be reasonable not to use a stylet during EUS-

FNA. This would make the procedure easier, less labor

intensive, as well as more time- and cost-efficient.

Conflict of interest None.
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