
Introduction
Endoscopic ultrasound (EUS) with fine-needle aspiration (FNA)
has become an indispensable resource for obtaining a patho-
logical diagnosis in a variety of clinical conditions. Adequate tis-
sue for diagnosis can be obtained with high sensitivity, specifi-
city and safety [1]. Exciting new developments in needle de-
sign, and the ability to deliver a “core” specimen are likely to
further advance the diagnostic ability of EUS. Similarly, investi-
gations to determine the optimal needling technique and suc-
tion strengths have yielded new and important information
[2–4].

For example, “fanning” the EUS-FNA needle within the tar-
get has become the standard technique for solid lesions [5].
Minimal or no suction, for example via the “slow pull” tech-
nique, also seems to be useful for delivering specimens with
less blood and more tissue [6]. The “wet suction” technique
has also shown promise in delivering higher tissue yields [7]. In
this technique, the needle is flushed with saline prior to FNA
with suction. In a prospective comparison to conventional FNA
technique, wet suction yielded higher tissue cellularity and spe-
cimen adequacy.

The accumulation of blood with successive EUS- FNA passes
can lower the quality of the specimen [8]. Additionally, blood
clogging can make it increasingly difficult to insert the stylet
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ABSTRACT

Background and study aims Endoscopic ultrasound

(EUS)-guided fine-needle aspiration (FNA) or biopsy (FNB)

is an indispensable diagnostic tool. Improvements in need-

ling technique have led to increasing tissue yields. Blood

clogging of the needle can cause difficulties with specimen

handling and stylet passage, which improves when the nee-

dle is primed with heparin before use. However, the effect

of heparin on cytology, histology or immunochemistry

(IHC) of FNA and FNB specimens is unknown. The goal of

the study was to evaluate heparin priming on cytologic/his-

tologic appearance, IHC staining, ease of stylet passage,

and specimen bloodiness.

Patients and methods This was a retrospective study of

patients undergoing EUS-FNA/FNB. Needle sizes were 25

gauge (g), 22g, and 19g. Heparin priming of the needle

was done and the stylet replaced (“dry heparin”) or suction

attached without replacing the stylet (“wet heparin”).

Smears and cellblocks were examined by pathologists, and

IHC staining were done as needed. Specimen bloodiness

was compared with matched controls.

Results Adequate tissue yields were obtained in all sam-

ples (37 heparin, 36 no heparin). Heparin priming did not

exhibit negative effects on cytologic or histologic interpre-

tation of the specimens, nor IHC. There was no difference in

cellblock bloodiness between the heparin primed needle

specimens and the non-heparin control group.

Conclusions Heparin priming of EUS-FNA or FNB needles

does not negatively affect cytologic or histologic interpre-

tation, nor interfere with IHC. In addition, heparin priming

does not increase specimen bloodiness. When the “wet

suction” technique is used for EUS-FNA, heparin priming

can be used instead of saline priming of the EUS needle.
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into the needle lumen. Given these two negative aspects of
blood contamination, it may be hypothesized that priming the
needle with an anticoagulant such as heparin could resolve
these issues.

The technique of flushing a needle with heparin has been
evaluated for EUS-FNA in only 2 studies [9–10]. With the in-
creasing importance of immunohistochemical (IHC) character-
ization of FNA tissue, it is vital to assess if heparin priming alters
IHC staining of these specimens. The aims of this study were to
demonstrate that use of a heparin-primed EUS-FNA needle
does not disturb cytologic or histologic architecture, and that
IHC evaluation of these specimens is not adversely affected.

Patients and methods
This pilot study was performed using retrospectively collected
data obtained between January 2013 to September 2016 at a
tertiary care center in the United States. This study received ap-
proval from our Institutional Review Board.

Patients

Patients undergoing EUS for solid lesions in or adjacent to the
gastrointestinal lumen were included. Use of heparin priming
of the EUS needle served as the case group, and no-heparin as
the control group. To provide a non-heparin needle control
group, cases were matched to a group of EUS-FNA procedures
done in a period (2013–2014) before heparin priming of nee-
dles was adopted. Heparin specimens were matched to con-
trols using similar FNA targets.

Patients were excluded if any of the following criteria were
present: age under 18 years, pregnancy, allergy to heparin pro-
ducts, a religious reason for avoidance of porcine products, INR
>1.5, and platelet count < 50,000.

Device selection

Procedures were done by three experienced endosonographers
who perform about 400 EUS procedures/year. Interventional
endoscopy fellows took part in the procedures. Prior to EUS, all
patients underwent standard pre-procedural evaluation by the
participating endosonographer and an anesthesiologist. Selec-
tive pre-procedural labs were obtained when there was a possi-
bility of abnormal hemostatic parameters (e. g. platelet count
and INR for patients with liver disease). Sedation was done
with monitored anesthesia care with propofol administered by
a nurse anesthetist. Endosonographic examination was per-
formed to locate the target lesions for each patient. Prior to
needle puncture, color Doppler imaging was utilized to identify
vessels and ensure a safe needle trajectory into the target le-
sion.

Both Boston Scientific (Marlborough, MA) 22g and 25g, and
22g Shark Core (Medtronic Inc, Minneapolis, MN) EUS needles
were used for the solid lesions sampled in this series.

Heparin EUS technique

EUS-FNA of a variety of lesions was done using standard means
with either dry or wet technique done at the discretion of the
endoscopist. Definitions of both wet and dry heparin priming

are described below. Standard FNA technique, including fan-
ning, was done in all cases.

Before use, the EUS needle was primed with heparin flush
(500 USP units heparin/ 5mL), 5mL fill in 12-mL syringe (Mede-
fil, Inc., Glendale Heights, IL) until drops of the flush came out
of the needle tip. The stylet was reinserted (“dry heparin” tech-
nique), or the heparin was left in the needle lumen and a suc-
tion syringe attached to the needle hub (“wet heparin” tech-
nique).

Slow-pull suction was done for the dry heparin approach,
and the needle primed with heparin only the first time, and
not on subsequent passes. Wet heparin technique used full suc-
tion (20mL). After FNA, the stylet was inserted into the needle
to deliver the specimen. The stylet was then removed and the
needle again primed with heparin prior to the next pass. The
number of passes into the lesion was determined at the discre-
tion of the endoscopist (▶Video 1).

Specimen collection and processing

A small portion of the specimen was expressed from the needle
onto a slide, and a cytologic smear made. One slide was air
dried and stained with Diff-Quik stain, and the other sprayed
with cytology fixative (Leica, Richmond, IL) for Papanicolaou
stain. The remaining needle contents were placed into RPMI
transport medium, and transported to the cytology receiving
lab. Flow cytometry was done in selected cases as needed. Ra-
pid on-site cytologic evaluation was done when requested by
the endoscopist. IHC stains were performed using a Ventana
Discovery Ultra automated staining platform (Ventana Medical
Systems, Tucson, AZ) as ordered by the cytopathologist for le-
sion characterization. Both smears (air dried and fixed), cell-
blocks, and IHC stains were reviewed by the cytopathologist,
who then made a pathological diagnosis.

Cellblock H&E slides were pulled from slide files. Slides were
blinded and order of microscopic reading randomized. Bloodi-
ness of the cellblock specimens was rated (▶Fig. 1) according

Video 1 This video depicts the stepwise process of creating
dry and wet heparin using a standard FNA needle.
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to the following scale: 0: nearly absent of red blood cell (RBC); 1
+ : monolayer of RBC, no cluster formation; 2 + : aggregates of
RBC present, < one high power field (×400); 3 + : aggregates of
RBC present, > one high power field (× 400).

Outcomes

The primary outcome was the ability to perform IHC staining
and obtain a final pathologic diagnosis. Secondary outcomes
included the nature and organ of the lesion sampled, number
of needle passes, final pathological diagnosis, cellblock bloodi-
ness, use of flow cytometry, and IHC stains. All data was obtain-
ed via review of our institution’s electronic medical records to
evaluate procedural and pathology results. Post-procedure
complications if any, were sought by telephone calls to patients
24 hours after the procedure, and chart review looking for
other events, as is the standard at our institution.

Statistical methods

Descriptive statistics are presented for all demographic data in-
cluding age, gender, race and reason for EUS-FNA. Continuous
variables are reported as median and inter-quartile range, and
categorical variables are shown as frequency and percentage.
Comparisons between the cases (heparin priming) and controls
(no heparin priming) were made using Wilcoxon Ranksum and
Pearson’s Chi-square tests, as appropriate. Data analysis was
performed using Systat version 13 (Systat Software, San Jose,
CA), and SPSS version 22 (IBM Corp., Armonk, NY). A P <0.05
was considered statistically significant.

Results
Data from a total of 73 EUS-FNA procedures was evaluated dur-
ing our study period. Of the EUS-FNA procedures, 37 were per-
formed with heparin and 36 without heparin. Of the EUS-FNAs,
31 (84%) were performed with the dry heparin technique, and
6 (16%) using the wet heparin technique.

▶ Fig. 1 Grading scale of blood of cell block specimen. Photomicrographs show grading of the degree of blood present in a specimen. 0 (A):
nearly absent of RBC; 1+ (B): monolayer of RBC, no cluster formation; 2 + (C): aggregates of RBC, < 1 per high power field (HPF) (x400); 3 + (D):
aggregates of RBC present, > 1 per HPF (×400)
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Among all cases, 46% were male and 95% were Caucasian.
There were no significant differences in the study demograph-
ics (▶Table 1). A median of 4 needle passes (interquartile range
3–6) were made for every discrete lesion sampled with heparin
and non-heparin EUS-FNA (P=0.74).

No procedure-related adverse events and specifically no epi-
sodes of bleeding after FNA were observed. There were no ad-
missions for medical care required in any subjects after their
procedure.

FNA indications

A total of 37 lesions were sampled with heparin priming, among
which pancreatic masses (12) were the most common FNA tar-
get in the heparin group (32%). This was followed by followed
by lymph nodes 12 (32%), liver masses 7 (19%), left adrenal
masses 2 (5%), and gastric lesions 2 (5%). There was a single
mediastinal mass (3%), one thyroid mass in the heparin group
(3%), and one peritoneal mass in the non-heparin group (3%).

FNA histopathologic characteristics

A final diagnosis of malignancy was made in 87% of heparin
cases and 86% of non-heparin cases. A summary of all clinical
diagnoses by location is depicted in ▶Table 2. Of all proven ma-
lignant lesions, 31 (100%) were positive for malignancy in the
heparin group and 94% in the non-heparin group, none were
read as “suspicious” or atypical. Two lesions were carcinoma of
unknown primary; one was a poorly differentiated carcinoma
and a second an “unclassified malignancy.” There was 1 case
of scant cellularity in the heparin group and two in the control
group. In non-malignant lesions, a diagnosis was made in 6 and
5, respectively (heparin v. non-heparin), and malignancy ruled
out in these patients (100%). Details are provided in ▶Table 2.

IHC staining was done in 28 heparinized cases and 32 non-
heparinized cases. Staining using IHC was successful in all but
one (96%) of cases in the heparin group, and 94% in the non-
heparin group (P=0.53). All 3 failures of IHC were due to lack
of cellularity of the specimen. A wide variety of IHC targets
were used (48 different markers), and heparin priming of the

▶ Table 1 Demographics.

Heparin

n=37

No heparin

n=36

P value

Mean age (years) (IQR) 71 (63.5 –77.5) 74 (66.5 –80.5) 0.831

Sex Female 20 18 0.91

Male 17 18

Race Caucasian 33 35 0.79

African american 2 1

Southeast asian 2 0

Location Pancreatic 12 13 0.99

Lymph node 12 10

Liver 7 6

Left adrenal 2 3

Gastric 2 2

Mediastinal mass 1 1

Peritoneal mass 0 1

Thyroid mass 1 0

EUS Median needle passes (IQR) 4 (3–6) 4 (3–6) 0.74

22g core 6 2 0.39

22g 1 4

25g 30 30

Dry heparin 29 0

Wet heparin 6 0

IQR, interquartile range; CI, confidence interval; EUS, endoscopic ultrasound; g, gauge
1 Comparisons between the heparin and non-heparin groups were accomplished using Wilcoxon Ranksum and Pearson’s Chi-square tests, as appropriate
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needle did not alter expression and/or detection of these mar-
kers.

Additionally, flow cytometry was performed in 5 cases in
each group, 100% of which were successful in making a clinical

diagnosis. Of such cases, 3 v. 4 (heparin and non-heparin
respectively) cases were benign lymph nodes and 2 v. 1 were
found to have B-cell lymphoma.

▶ Table 2 Histopathologic characteristics of EUS FNA procedures.

Heparin

n=37

No heparin

n=36

P value1

Flow cytometry result Benign 3 4 1

B-cell lymphoma 2 1

0.53

IHC result Complete 27 30

Not possible 1 2

Not done 9 4

FNA site Diagnosis

Pancreatic mass Adeno pancreas 9 11 0.96

Lymphoma 1 0

Mucinous 1 1

NET 1 1

Liver mass Adeno pancreas 2 4

Adeno colon 2 0

Biliary mucinous neoplasm 2 0

NSC 1 1

Lymph node Adeno pancreas 1 1

Adeno breast 0 1

HCC 1 0

Lymphoma 2 1

NET 1 2

NSC 1 1

Benign 6 4

Adrenal Adeno pancreas 1 0

Adeno colon 0 2

Adeno lung 0 1

RCC 1 0

Gastric Adeno 0 1

GIST 1 1

Leiomyoma 1 0

Mediastinal mass NSC 1 1

Peritoneal mass Carcinoma 0 1

Thyroid Malignant 1 0

IHC, immunohistochemistry; NET, neuroendocrine tumor; NSC, non-small cell; HCC, hepatocellular carcinoma; RCC, renal cell carcinoma; GIST, gastrointestinal
stromal tumor; Adeno, adenocarcinoma; EUS, endoscopic ultrasound
1 Comparisons between the heparin and non-heparin groups were accomplished using Wilcoxon Ranksum and Pearson’s Chi-square tests, as appropriate
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Using the objective scale to quantify the degree of specimen
bloodiness, there was no overall difference between the hepar-
in versus non-heparin groups. Additionally, there was no statis-
tical difference in any of the 4 grades of bloodiness in the he-
parin versus non-heparin group (▶Fig. 2).

Discussion
This study is the first to show that use of a heparin-primed EUS-
FNA needle does not affect cytological or histological interpre-
tation, nor expression and/or detection of a variety of IHC mar-
kers. In addition, specimens were not bloodier than those ob-
tained without use of heparin.

The first published report of the use of heparin to prime the
FNA needle was from a 1985 study of percutaneous FNA of liver
lesions (hepatomas) [9]. Heparin priming was found to increase
both diagnostic and tissue yields. This study also found that ad-
ditional small tissue fragments could be collected which would
be otherwise trapped in the needle, and therefore also in-
creased the diagnostic yield.

The wet suction technique (“WEST”) has been shown to in-
crease EUS-FNA specimen yields [7]. In this study, the investiga-
tors primed the needle with saline prior to performing FNA, and
compared this technique to conventional EUS-FNA. Wet suction
using heparin instead of saline (“wet heparin” technique) led to
no significant difference in FNA specimen cellularity, adequacy,
or degree of blood contamination. The results of the current
study suggest that heparin priming can be safely used for the
WEST technique, rather than saline.

A technical “trick” to manage blood clogging of the EUS nee-
dle is to flush the needle with heparin [11]. Conversely, a text-

book of EUS states that the introduction of heparin into cytolo-
gic specimens could negatively affect the cytologic yield [12]. A
more recent study sought to determine if heparin priming of
the EUS-FNA needle led to improved diagnostic yields [10].
However, no difference in diagnostic accuracy, number of nee-
dle passes or blood contamination for heparin as compared
with non-heparin priming technique was found.

In this study, we have found that heparin priming does not
lead to degradation of specimens, performance of IHC staining,
or difficulty in diagnostic interpretation. The “dry heparin”
technique in particular uses only enough heparin to coat the in-
side of the needle. Even this small amount of anticoagulation
appears to largely prevent blood clotting within the needle. An
evaluation of cellblock bloodiness in our study found no differ-
ence in amount of blood with heparin compared to a historical
control group of FNA done without use of heparin.

Gastroenterology technicians and nurses who work with EUS
needles on a regular basis can attest to the progressive difficul-
ty with stylet reinsertion in subsequent passes. This may be
particularly difficult with the 25-g needle, whose stylet is corre-
spondingly small, and difficult to manipulate. We have also
found that heparin priming of the needle, even if only at the be-
ginning of sampling (“dry heparin“) can lead to easier stylet
passage into the needle, even up to 7 stylet insertions. Thus,
heparin priming of the needle could potentially be done in ev-
ery case to simplify the job of the endoscopy assistant in hand-
ling the specimen and the stylet.

There may be concern for an increased risk of bleeding after
FNA with a heparin-primed needle. However, we did not see any
episodes of bleeding with either the dry or wet heparin tech-
nique. The amount of heparin is small, the area of tissue ex-
posed to heparin on the needle tip tiny, and heparin in the nee-
dle is being suctioned away from the target lesion, and not in-
jected into it.

Potential weaknesses of this study included the retrospec-
tive analysis of a prospectively recorded database, which does
not possess the scientific rigor of a prospective trial. Target
and needle size heterogeneity may have also be a source of
study weakness, however despite this variability we did not
find a difference in several cytologic outcomes. A strength of
this study was a successful proof of concept in a variety of situa-
tions that are relevant to the endosonographer anatomically,
histologically and clinically.

Conclusion
In conclusion, we strongly favor heparin priming of the EUS
needle prior to use in all procedures utilizing FNA. Even if the
flush is done only once (“dry heparin” technique), subsequent
prevention of blood clot formation within the needle lumen is
observed, which can potentially make expression of tissue
from the needle much easier. Heparin can be used instead of
saline if the “wet suction” technique is being used. Heparin
priming of the needle appears to be safe. There were no dele-
terious effects on cytological or histological interpretation,
and IHC staining is preserved over a wide range of stains.

no 1+ 2+

No-heparin Heparin

3+

16

14

12

10

8

6

4

2

0

▶ Fig. 2 Grading of specimen blood, heparin versus non-heparin
groups. Comparative data are shown, evaluating the degree of
blood for the heparin priming group and control group. There was
no statistical difference in the following scale parameters no: 0.41,
1 + : 0.1, 2 + : 0.94, 3 +0.56.Overall there was no difference in the
heparin priming and control group bloodiness (P=0.49).
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