
Introduction
Endoscopic ultrasound-guided fine-needle aspiration (EUS-
FNA) is a high yielding and safe diagnostic modality to obtain a
tissue diagnosis for various indications [1, 2]. Both lymph nodes
and solid organs in the vicinity of the gastrointestinal tract can
be approached with EUS-FNA. The sensitivity of EUS-FNA is
more than 85%, and is higher for nodes than for submucosal le-
sions [3].

During EUS-FNA, a needle is inserted into the area of interest
and a sample is aspirated by various methods. Methods such as

suction, no suction, and capillary action have been reported in
the literature but without concluding which of the methods is
best. The use of the stylet and suction have not been properly
assessed, but it is clear that many operators continue to use the
stylet despite extensive data proving its lack of value [4–8],
and many continue to use suction despite conflicting data [9–
12].

We conducted this study to compare the various methods of
EUS-FNA– suction, no-suction, and capillary action.

Comparison of endoscopic ultrasound-guided fine-needle
aspiration by capillary action, suction, and no suction methods:
a randomized blinded study
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ABSTRACT

Background and study aim Different types of endo-

scopic ultrasound (EUS)-guided fine-needle aspiration

(FNA) techniques are used in clinical practice; the best

method in terms of outcome has not been determined.

The aim of the study was to compare the diagnostic ade-

quacy of aspirated material, and the cytopathological and

EUS morphological features between capillary action, suc-

tion, and no-suction FNA methods.

Patients and methods This was a prospective, single-

blinded, randomized study conducted at a tertiary care hos-

pital. Patients were randomized to the three groups: capil-

lary action, suction, and no suction. A total of 300 patients

were included, with 100 patients in each arm.

Results A total of 300 patients (195 males) underwent

EUS-FNA of 235 lymph nodes and 65 pancreatic masses

(distribution not statistically different between the

groups). The mean age was 52±14 years. A 22 gauge nee-

dle was used in the majority (93%) of procedures. There was

no statistical difference between the three groups regard-

ing lymph node size at the largest axis and ratio, type of

needle, echo features, echogenicity, calcification, necrosis,

shape, borders (lymph nodes), number of passes, and cellu-

larity. Diagnostic adequacy of the specimen was 91%, 91%,

and 94% in the capillary, suction, and no suction groups,

respectively (P=0.67). Significantly more slides and blood

clots were generated by the suction method compared

with the other methods.

Conclusion The capillary action, suction, and no suction

methods of EUS-FNA are similar in terms of diagnostic ade-

quacy of the specimen. The suction method has the disad-

vantages of causing more bleeding and generating more

slides.
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Patients and methods
Inclusion criteria and study design

The study was conducted from January 2015 to December
2015 at a tertiary care center in North India (Delhi NCR). All
consecutive patients aged 18 years or more who underwent
EUS-FNA of lymph nodes and/or solid mass were included in
the analysis. Informed consent was obtained from all patients.
Exclusion criteria included age less than 18 years, pregnancy,
submucosal lesions, coagulopathy (international normalized
ratio > 1.5, platelets < 50000/mm3), and failure to provide in-
formed consent for the procedure.

The study was conducted prospectively after clearance from
the institute’s review board/ethical committee. The study was
single-blinded and randomized. The cytopathologists were
blinded to the method of FNA (suction, no suction, or capillary
action). Computer-generated randomization was done.

EUS-FNA procedure

All procedures were carried out with the patient under con-
scious sedation with midazolam, which was administered by
an anesthesiologist. EUS-FNA was performed using the linear-
array GF-UCT140 echoendoscope (Olympus, Tokyo, Japan) by
experienced endosonographers (R. P., N. S. C.). EUS features
such as echogenicity, calcification and necrosis, and shape and
border of lymph nodes were recorded. For echogenicity, hypo-
or hyper- or mixed echogenicity was recorded. The shape of the
lymph node was either round or oval, and borders were either
ill-defined or sharply defined.

The FNA needle with stylet was introduced through the
working channel. Doppler was used to avoid any vascular struc-
tures in the needle path. The stylet was withdrawn slightly be-
fore puncture. A 22-gauge needle (EchoTip Ultra HD; Cook
Endoscopy, Winston-Salem, North Carolina, USA) was used in
the majority of the patients; 19 and 25 gauge needles were
used in the remaining patients.

The method of FNA – capillary action, suction or no suction
– was selected by computer-based randomization and defined
as follows: suction – after removing the stylet, a 10mL suction
syringe, loaded with maximal suction, was attached in a
“locked” position to the needle and suction was applied after
the lesion was punctured; no suction – suction was not applied
after removing the stylet, before performing EUS-FNA; capillary
action – suction was not applied as the stylet was removed gra-
dually after the lesion was punctured.

Each pass consisted of 15–20 to-and-fro movements of the
needle within the lesions, using the fanning technique when-
ever possible. A separate needle was used for different lesions
if needed. Each of the lesions in the study were sampled using
one of the three methods, following computer-generated ran-
domization, with the same needle.

Cytopathology

After aspiration, the material inside the needle was pushed
onto slides, little by little, with the help of the stylet. One or
two slides from each pass were immediately fixed in absolute

alcohol and the remaining slides were air-dried. The slides
were stained with Papanicolaou, Giemsa stain, and Ziehl-Neel-
sen stain (when required) for the detection of acid-fast bacilli.
No on-site cytopathologist facility was available.

The cytopathological specimens were graded on a previous-
ly validated scale for cellularity, blood contamination, and ade-
quacy. Cellularity was assessed using a 3-point scale (0 =no
cells; 1 = sparsely cellular; 2 =moderately cellular). Blood con-
tamination was graded on a 3-point scale (0=no blood; 1 = con-
taminated with red blood cells; 2 =blood clots present). Speci-
men adequacy was graded on a 2-point scale (0 = inadequate
aspirate for the cytopathologist to make a diagnosis; 1 = ade-
quate aspirate). A final diagnosis was achieved if the specimen
was positive for malignancy or granuloma or reactive.

A lymph node was considered reactive when FNA showed
lymphoid cells in different stages of activation in the presence
of adequate cellularity and absence of granulomas, necrosis, or
malignant cells.

All study specimens were reviewed and graded by an experi-
enced cytopathologist, who was blinded to the FNA method
used but was provided with demographic information and clin-
ical history of the patient.

Data collection

The following data were recorded for each patient and compar-
ed between three groups: age, sex, indication for procedure,
site of lymph node or solid mass, echo features of lymph node,
size at long axis and ratio, type of needle and number of needle
passes, number of slides, result of FNA, adequacy of specimen
for diagnosis, cellularity, blood contamination, and any proce-
dural complications. In the case of multiple lymph nodes, the
largest node or the node with sharply demarcated borders or
hypoechoic in nature was preferred for FNA.

Study end points

The primary end point of the study was the adequacy of the as-
pirated material. Secondary end points were cytopathological
diagnosis and contamination of the specimen with blood.

Statistical methods

To achieve a diagnostic yield of 94%, a sample of 100 was ade-
quate with 95% confidence level and+/–0.05 precision; thus
100 patients were included in each group. The data are present-
ed here as number, percentage, mean (SD), and median with in-
terquartile range (IQR). The three groups were compared using
analysis of variance test (parametric data), Kruskal-Wallis test
(nonparametric data) or Fisher’s exact test (categorical data).
A two-tailed P value of < 0.05 was considered to be significant.
All statistical analyses was performed using SPSS, version 19
(IBM Corp. Armonk, New York, USA).

Results
A total of 337 patients were enrolled in the study after provid-
ing consent. A total of 37 patients were excluded owing to no
informed consent (n =16) and decompensated cirrhosis with
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coagulopathy (n =21); the remaining 300 patients were includ-
ed in the final analysis (▶Fig. 1).

The mean patient age was 52±14 years and 65% were males
(▶Table 1). FNA samples were taken from lymph nodes in 235
patients and from pancreatic masses in 65 patients. The distri-
bution of samples was not statistically different among the
three groups (▶Table1). A 22 gauge needle was used in the
majority (93%) of the patients. All three groups had a similar
number of needle passes (median 2 in each group; not signifi-
cant).

Diagnostic adequacy of the specimen was achieved in 92%
of patients (91%, 91%, and 94% of patients in the capillary, suc-
tion, and no suction groups, respectively; P=0.67). There was
no statistically significant difference between the groups on
subgroup analysis of diagnostic adequacy according to site
(i. e. lymph node and pancreas) (▶Table 2).

A positive cytological diagnosis of malignancy was achieved
in 97 patients, 112 patients had either granuloma or were posi-
tive for acid-fast bacilli, and 67 patients had reactive lymph
node changes (▶Table1). One patient had both granuloma
and malignancy (granuloma in the lymph node and malignancy
in the pancreas). In 24 patients, aspirates were labeled as sub-
optimal (20 lymph nodes, 4 pancreatic masses). Suboptimal,
reactive, granulomatous, and malignancy were present in 9,
24, 35, and 32 patients in the capillary group, in 9, 17, 41, and
33 patients in the suction group, and in 6, 26, 36, and 32 pa-
tients in the no suction group, respectively; distribution was
not statistically different between the three groups (P=0.77)
(▶Table 1).

There was no significant difference between the capillary,
suction, and no suction groups regarding lymph node size at
long axis (median 20mm [IQR 12–30], 16mm [14–24], and
19mm [12–24], respectively; P=0.15] and ratio (median 1.52
[IQR 1.33–2.00], 1.55 [1.40–2.00], and 1.50 [1.23–2.00],
respectively; P=0.25] (▶Table 1). There were no significant dif-

ferences between the three groups in term of echogenicity,
echo structure, calcification, necrosis, and shape and border of
lymph nodes (▶Table 1).

In terms of cellularity, 4 patients had a score of 0, 53 patients
had a score of 1, and 243 patients had a score of 2. Cellularity
scores were 0, 19, and 81 in the capillary group, 2, 14, and 84
in the suction group, and 2, 20, and 78 in the no suction group,
respectively (P=0.49) (▶Table 3).

The median (IQR) numbers of slides used were: 11 (9–12) in
the capillary group, 12 (11–15) in the suction group, and 10
(7–12) in the no suction group (P<0.001). The suction group
required significantly more slides.

In terms of blood contamination, there was no blood (score
0) in the specimens from 71 patients, contamination with red
blood cells (score 1) in 174 patients, and clots (score 2) in 55
patients. Blood contamination scores were 28, 63, and 9 in the
capillary group, 11, 59, and 30 in the suction group, and 32, 52,
and 16 in the no suction group, respectively. Significantly more
blood clots were observed in the suction group (P<0.001)
(▶Table 3).

There were no FNA-related adverse events in any of the
study groups.

Discussion
Martin and Ellis first presented their results of a tumor diagno-
sis by needle aspiration in 1930, by using an 18 gauge needle
mounted onto a 20mL syringe [13]. A similar technique was ap-
plied for EUS-FNA along with some modifications, including
changes in needle design and use of variable amounts of suc-
tion, including capillary action.

Although EUS and EUS-guided FNA has become the modality
of choice for examining lesions in the mediastinum and abdo-
men, and for obtaining tissue in the same sitting, sensitivity is
highly variable and depends on many factors including the ex-
perience of the endosonographer. Whether the method of FNA
has any impact on sensitivity and cellularity is largely unknown.
Different types of EUS-FNA technique are used in clinical prac-
tice, but the best method in terms of outcome has not been de-
termined.

In the current study, the suction group required significantly
more slides and had more blood clots compared with the no
suction and capillary action methods. The suction method ap-
plies a lot of pressure, which causes more tissue damage as
well as bleeding, leading to an increase in the number of slides
used. Suction improves cellularity and the quality of aspirate,
but at the cost of increased bleeding and contamination [14].
Wallace et al. revealed that capillary action may improve speci-
men quality by reducing the amount of blood in the aspirated
material [9]. The greater the number of slides generated by
the acquisition process, the more time required by the pathol-
ogist to process and examine the specimens.

There was no significant difference between the three
groups regarding lymph node size at long axis and ratio. There
was no statistically significant difference between the three
groups regarding type of needle used, echo features, adequacy
of the specimen, and number of needle passes.

Capillary
n = 100

Suction
n = 100

No suction
n = 100

Specimen 
adequacy

91 %

Specimen 
adequacy

91 %

Specimen 
adequacy

94 %

EUS-FNA  n = 337

Excluded 
n = 37

Analyzed
n = 300

No consent n = 16

Coagulopathy n = 21

▶ Fig. 1 Flow diagram showing study design. EUS-FNA, endoscopic
ultrasound-guided fine-needle aspiration.
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There was no statistically significant difference regarding
cellularity and sensitivity. Previously it was believed that the
use of suction increased cellularity and sensitivity: Bhutani et
al. reported improved cellularity with suction [15]; Puri et al.
found that suction was associated with higher sensitivity and
negative predictive value [11]; and Lee et al. also demonstrated
better cellularity with the suction method [12].

Our study has certain limitations, including the lack of an on-
site cytopathological evaluation and the single-center setting.
The strengths of the study are that it was a randomized study

with a large sample size. Various EUS characteristics and cyto-
pathological features were compared. Furthermore, this is the
first study to compare the three methods of FNA. The cytopa-
thologist was blinded to the FNA method used, and this further
strengthens the study design.

In conclusion, the capillary action, suction, and no suction
methods of EUS-FNA are similar in terms of diagnostic ade-
quacy of the specimen; however, the suction method has the
disadvantages of generating more slides and more blood clots.
We strongly recommend that a multicenter study with a large

▶ Table 1 Comparison of baseline characteristics and endoscopic ultrasound morphological features between the three methods of fine-needle
aspiration.

Capillary Suction No suction P value

Age, mean± SD, years 52±14 49± 14 53±15 0.14

Sex, Male/Female, n 65/35 64/36 66/34 0.24

Site, Lymph node/Pancreas, n 82/18 82/18 71/29 0.08

Diagnostic adequacy, % 91 91 94 0.67

Diagnosis, Suboptimal/Reactive/Granulomatous/Malignancy) 9/24/35/32 9/17/41/33 6/26/36/32 0.77

Lymph node size at largest axis, median (IQR), mm 20 (12–30) 16 (14–24) 19 (12–24) 0.15

Ratio, median (IQR) 1.52 (1.33–2.00) 1.55 (1.40–2.00) 1.50 (1.23–2.00) 0.25

Echogenicity, Hypo/Hyper/Mixed, n 60/16/24 55/27/18 67/13/20 0.07

Echo-structure, Homo-/Heterogeneous, n 61/39 70/30 63/37 0.38

Calcification, No/Yes, n 93/7 97/3 99/1 0.07

Necrosis, No/Yes, n 99/1 97/3 95/5 0.25

No. of needle passes, median (IQR), n 2 (1–3) 2 (1–3) 2 (1 –3)

Number of slides, median (IQR), n 11 (9– 12) 12 (11–15) 10 (7–12) < 0.001

Complications, n 0 0 0

IQR, interquartile range.

▶ Table 2 Diagnostic adequacy of the specimen from the three methods of fine-needle aspiration according to site.

Diagnostic adequacy Capillary Suction No suction P value

Lymph node, No/Yes, n 7/75 8/74 5/66 0.84

Pancreas, No/Yes, n 2/16 1/17 1/28 0.56

Total, No/Yes, n 9/91 9/91 6/94 0.67

▶ Table 3 Comparison of cytopathological features between the three methods of fine-needle aspiration.

Capillary Suction No suction P value

Cellularity, 0/1/2,1 n 0/19/81 2/14/84 2/20/78 0.494

Blood contamination, 0/1/2,2 n 28/63/9 11/59/30 32/52/16 0.000

Specimen adequacy,3 0/1, n 9/91 9/91 4/96 0.665

1 0=no cells; 1 = sparsely cellular; 2 =moderately cellular.
2 0 =no blood; 1= contaminated with red blood cells; 2 =blood clots present;
3 0 = inadequate aspirate for the cytopathologist to make a diagnosis; 1= adequate aspirate.
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numbers of patients is conducted to investigate this subject
further.
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