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Abstract
In the last 2 decades, endoscopic ultrasound (EUS) has be-
come an important procedure for the diagnosis and man-
agement of several pancreatic diseases, including pancre-
atic cancer. This article presents two recently developed 
EUS-guided techniques for the management of pancreatic 
cancer: fine-needle tattooing and fiducial placement. Preop-
erative EUS-guided fine-needle tattooing of small pancreat-
ic tumors helps in precise localization of these lesions during 
surgery, potentially ensuring adequate margins of resection 
while preserving healthy pancreatic tissue. In pancreatic 
cancer patients planned for imaging-guided radiation ther-
apy, EUS-guided fiducial placement improves the accuracy 
of target delineation during stereotactic body radiation ther-
apy (SBRT). Hydrogel, a new injectable liquid with multimod-
al visibility recently approved as a liquid fiducial, is currently 
under investigation in pancreatic head cancer as an EUS-in-

jected spacer to potentially reduce SBRT gastrointestinal 
wall toxicity. In this article, GRUPUGE presents an updated 
perspective of these two EUS-guided techniques, address-
ing their current clinical applications and technical aspects 
and analyzing existing data on their efficacy and safety.

© 2020 Sociedade Portuguesa de Gastrenterologia 
Published by S. Karger AG, Basel

Perspectiva Do GRUPUGE: Tatuagem Com Agulha 
Fina E Marcação Com Fiduciais Guiadas Por 
Ecoendoscopia No Cancro Do Pâncreas

Palavras Chave
Tatuagem com agulha fina guiada por ecoendoscopia ·  
Marcação com fiduciais guiada por ecoendoscopia · 
Injeção de hidrogel guiada por ecoendoscopia · Cancro 
do pâncreas

Resumo
Durante as duas últimas décadas, a ecoendoscopia tor-
nou-se um procedimento importante para o diagnóstico 
e abordagem de diversas doenças pancreáticas, incluindo 
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o cancro do pâncreas. Neste artigo são apresentadas duas 
técnicas guiadas por ecoendoscopia desenvolvidas re-
centemente na abordagem do cancro do pâncreas: tatu-
agem com agulha fina e marcação com fiduciais. A tatu-
agem pré-operatória com agulha fina guiada por ecoen-
doscopia de pequenos tumores pancreáticos ajuda na 
localização precisa destas lesões durante a cirurgia, po-
tencialmente assegurando margens de resseção adequa-
das e preservando parênquima pancreático saudável. Nos 
doentes com cancro do pâncreas com indicação para ra-
dioterapia guiada por imagem, a marcação com fiduciais 
guiada por ecoendoscopia melhora a acuidade da ra-
dioterapia estereotáxica corporal na delineação do alvo. 
O hidrogel, um novo líquido injetável com visibilidade 
multimodal recentemente aprovado como marcador fi-
ducial, está atualmente em investigação como um espa-
çador injetado por ecoendoscopia no cancro da cabeça 
do pâncreas para potencialmente reduzir a toxicidade da 
radioterapia estereotáxica corporal sobre a parede gas-
trointestinal. Neste artigo, o GRUPUGE apresenta uma 
perspetiva atualizada destas duas técnicas guiadas por 
ecoendoscopia, abordando as suas atuais aplicações clíni-
cas e aspetos técnicos e analisando os dados existentes 
sobre a sua eficácia e segurança.

© 2020 Sociedade Portuguesa de Gastrenterologia 
Publicado por S. Karger AG, Basel

Introduction

In the last two decades, endoscopic ultrasound (EUS) 
has become an important procedure for the diagnosis and 
management of several pancreatic diseases, including 
pancreatic cancer. EUS-guided interventional proce-
dures have expanded the applications of EUS in pancre-
atic cancer and are changing its current management. 

In this chapter, the Portuguese Group for Ultrasound 
in Gastroenterology presents an updated perspective of 
three recently developed EUS-guided techniques for the 
management of pancreatic cancer: fine-needle tattooing, 
fiducial placement, and hydrogel injection, addressing 
their current clinical applications and technical aspects 
and analyzing existing data on their efficacy and safety.

A systematic literature search was performed until 
January 2020 using PubMed, Medline, Scopus, and 
Google, using the keywords “pancreatic cancer,” “endo-
scopic ultrasound-guided fine-needle tattooing,” “endo-
scopic ultrasound-guided fiducial placement,” and “en-
doscopic ultrasound-guided hydrogel injection.” Pro-
spective/comparative studies and international consensus 
statements/management guidelines were preferred. The 

final work was revised and approved by all of the mem-
bers of the Governing Board of the Portuguese Group for 
Ultrasound in Gastroenterology (GRUPUGE). 

EUS-Guided Fine-Needle Tattooing
Precise localization of pancreatic tumors undergoing 

surgery is critical to achieve adequate margins of resection 
(R0 resection) and preserve healthy pancreatic tissue, 
therefore minimizing the risk of endocrine and exocrine 
pancreatic insufficiency. Nevertheless, precise localization 
of small pancreatic tumors such as neuroendocrine lesions 
during surgery, particularly during laparoscopic distal 
pancreatectomy, can be difficult because of the decreased 
tactile ability of laparoscopy and the homogeneous appear-
ance of the pancreas and surrounding retroperitoneal fat. 
Inability to localize the tumor via a laparoscopic approach 
can lead to conversion to an open procedure, with conver-
sion rates as high as 30% in one multicenter study [1]. 
Therefore, intraoperative ultrasound (US) has been used 
to locate small pancreatic lesions, with reported success 
rates between 60 and 90% [1–5]. However, laparoscopic 
US probes frequently do not provide the resolution of the 
standard intraoperative probes, and there are several re-
ports of surgeons being unable to identify lesions during 
laparoscopy despite use of intraoperative US [1, 6–8].

Preoperative EUS-guided fine-needle tattooing (EUS-
FNT) helps in the precise localization of pancreatic le-
sions during surgery and it is now becoming a standard 
procedure at several institutions for patients with distal 
pancreatic lesions and planned laparoscopic distal pan-
createctomy. A retrospective cohort study comparing 
EUS-FNT followed by laparoscopic distal pancreatecto-
my and laparoscopic distal pancreatectomy alone showed 
that EUS-FNT was technically feasible and the tattoo was 
visible during laparoscopy in all patients [9]. In all cases 
an R0 resection was achieved and no complications asso-
ciated with EUS-FNT were reported [9]. Also, EUS-FNT 
was associated with a decreased operative time compared 
to non-tattooed patients. Therefore, the authors conclud-
ed that preoperative EUS-FNT of distal pancreatic lesions 
is feasible, efficacious, and safe in patients undergoing 
laparoscopic distal pancreatectomy. Another interesting 
result of this study is that the mean time from EUS-FNT 
to surgery was 20.3 days (range 3–69). This finding sug-
gests that EUS-FNT does not need to be performed im-
mediately before surgery but it can be performed at the 
same time of the diagnostic EUS, thus avoiding the risks 
and costs associated with an additional procedure. 

Using a linear array echoendoscope, a 22-gauge fine-
needle aspiration (FNA) needle is inserted into the pancre-
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atic parenchyma 3–5 mm to the patient’s right of the lesion 
(towards the pancreatic head). A total of 1–5 mL sterile 
purified carbon particles (GI Spot; GI Supply, Camp Hill, 
PA, USA) is injected under EUS guidance in 0.5-mL incre-
ments anterior to the main pancreatic duct and withdraw-
ing the needle slowly from the posterior to the anterior 
direction. During injection, a hyperechoic blush can be vi-
sualized in real time at the tip of the needle. Periprocedur-
al antibiotics followed by 3 days of oral antibiotics are usu-
ally advocated to minimize the infection risk [9]. This tech-
nique has two potential advantages over direct injection 
into the tumor. First, inserting the needle into the patient’s 
right side, rather than into the tumor, avoids the risk of tu-
mor seeding along the needle tract. Second, placing the 
needle 3–5 mm away from the tumor potentially ensures 
negative pathology margins (R0 resection) while preserv-
ing the maximum amount of pancreatic parenchyma [9]. 
More studies are needed to determine whether EUS-FNT 
is associated with improved patient outcomes and lower 
costs of laparoscopic distal pancreatectomy.

EUS-Guided Fiducial Placement
Radiation therapy has an important role in the treatment 

of locally advanced or metastatic pancreatic cancer and can 
be used alone or in combination with systemic chemother-
apy. Advancements in radiation therapy technique contrib-
ute to tumor downstaging, improving the chances of a sec-
ondary resection, and enhance local control for unresect-
able disease and palliation of symptoms related to local 
progression [10, 11]. Stereotactic body radiation therapy 
(SBRT) is a recent technique that uses advanced imaging 
technology to verify the target lesion position before and 
during radiation therapy, allowing precise delivery of high-
dose radiation to pancreatic tumors. Major challenges for 
SBRT included respiratory organ motion and accurate as-
sessment of tumor size and location in real time. SBRT usu-
ally relies on fiducial markers to target and track the loca-
tion of the tumor in real time. This ensures the treatment is 
delivered to the tumor with high precision while decreasing 
the toxicity to normal surround tissue [10, 11]. 

Fiducials are radiographically visible markers, usually 
made of gold, that are inserted into the target lesion. They 
can be placed surgically or percutaneously under US or 
computer tomography guidance or endoscopically by EUS. 
EUS is a minimally invasive procedure that provides an ex-
cellent visualization of the pancreas and it is an optimal ap-
proach for fiducial placement in pancreatic lesions [10, 11]. 

Various types of fiducial markers (spheres, coils, or 
seeds) and different delivery systems have been devel-
oped. Fiducials can be delivered using a linear array echo-

endoscope with 19-gauge or 22-gauge FNA needles or via 
multifiducial delivery systems [10, 11]. The 22-gauge is 
potentially advantageous over a 19-gauge needle because 
of its greater flexibility, particularly when used in chal-
lenging anatomic locations or postsurgical anatomy [12]. 

The retrograde or back-loading technique is the most 
common method used to load the fiducial marker into the 
EUS needle [13]. The stylet is withdrawn approximately 3 
cm. The fiducial marker, which is loaded on a needle car-
rier, is then inserted into the FNA needle tip. The fiducial 
is deployed into the needle tip by removing the needle car-
rier. Sterile bone wax is used to seal the tip of the needle to 
secure the fiducial. The needle is then advanced down the 
operating channel of the echoendoscope. Once the needle 
is inserted into the target lesion, the fiducial is deployed 
by simultaneously retracting the needle while advancing 
the stylet. Then, the needle is withdrawn from the operat-
ing channel of echoendoscope and reloaded with a new 
fiducial and the technique is repeated until the desired 
number of markers has been placed [13]. Generally, at 
least 3 fiducial markers should be placed on different EUS 
viewing planes so that the pancreatic tumor borders and 
planes can be well defined during SBRT simulation and 
delivery [11]. A potential disadvantage of using the back-
loading method is the possibility of needle stick injuries, 
particularly when the FNA needle is reloaded [12].

Another approach to load the FNA needle is by using 
the anterograde or front-loading technique [12]. In this 
method, the stylet is removed, the needle tip is sealed with 
sterile bone wax, and the fiducial marker is inserted into 
the top of the needle. The stylet is then reinserted and 
slowly advanced, thereby pushing the fiducial into the 
distal end of the needle [12]. This technique has two po-
tential advantages over the retrograde or back-loading 
technique; it not only minimizes needle stick injuries but 
it also allows a more rapid deployment of multiple fidu-
cials since needle loading can be performed once the nee-
dle has been inserted into the target lesion [12].

Fiducial placement under EUS guidance has been re-
ported as feasible, safe, and effective in several studies. The 
feasibility of EUS-guided fiducial placement for pancre-
atic cancer has been reported with technical success rates 
of 90–100% [14–18]. Reported complications in these 
studies include mild acute pancreatitis, minor bleeding, 
vomiting and abdominal pain. Some authors have sug-
gested the use of prophylactic antibiotics during EUS-
guided fiducial placement, and further studies are needed 
to validate this recommendation [12]. The rate of fiducial 
migration is low (7%) and no migration-related complica-
tions have been reported [15]. Other studies have shown 
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that fiducial markers improve the accuracy of target delin-
eation during SBRT [19–21]. Furthermore, a recent case-
control study reported data on comparative outcomes be-
tween pancreatic cancer patients who underwent RT with 
and without EUS-guided placement of fiducial markers. 
According to that study’s results, a similar treatment effect 
was achieved with a lower target radiation dose (2862 vs. 
3712 cGy; p  = 0.004) and fewer sessions (5 vs. 13; p  = 
0.002) utilizing EUS-guided fiducial placement [22]. 

In light of these promising findings, the most recent 
international guidelines on pancreatic adenocarcinoma 
(NCCN version 1.2020) state that, for localized, intact 
pancreatic cancer (resectable, borderline, and locally ad-
vanced), placement of 1–5 (preferably ≥3) gold fiducial 
markers, preferentially by EUS, may be useful for radio-
therapy targeting purposes [23]. 

Recently, newer preloaded fiducial needles have been 
developed to overcome some of the previously noted is-
sues associated with the traditional back-loading tech-
nique. These new needles are preloaded with 2 (Beacon 
EUS FNF pre-loaded 19 and 22-gauge needles; Medtron-
ic, Dublin, Ireland) or 4 fiducials (EchoTip Ultra Fiducial 
22-gauge needle; Cook Medical, Bloomington, IN, USA) 
and do not require an assistant to load the fiducials into 
the needle, therefore potentially reducing needle stick in-
juries and procedure time [24].

A recent randomized controlled trial assessed the per-
formance of these new preloaded fiducial needles over the 
traditional back-loaded needles [24]. This trial showed that 
EUS-guided placement of preloaded fiducials required less 
time (9 vs. 16 min; p  <  0.001) compared to back-loaded fi-
ducial, with similar technical success, adverse events, mi-
gration rates and visibility during SBRT simulation. These 
new preloaded fiducial needles may offer the potential for 
increased procedure efficiency while reducing needle stick 
injuries [24]. Further studies are required to confirm these 
findings and to evaluate cost effectiveness.

Hydrogel is a new injectable sterile liquid made of io-
dinated polyethylene glycol particles (TraceIt Fiducial 
Marker; Augmenix Inc., Waltham, MA, USA) that has 
been approved as a liquid fiducial on solid tumors. It is 
readsorbable, has multimodal visibility, and can be easily 
injected through 19-gauge FNA needles into the tumor 
and surrounding tissues with a single puncture [25].

In a report of 2 patients with locally advanced pancre-
atic cancer, EUS-guided hydrogel injection was feasible 
and safe and provided adequate visibility during SBRT, 
and may become an alternative to metal fiducials [25].

Another potential application for EUS-guided hydro-
gel injection in pancreatic cancer is currently under in-

vestigation. Despite recent advances in imaging-guided 
radiotherapy, local gastrointestinal toxicity remains a 
major limitation for effective dose delivery due to the 
close proximity of the gastrointestinal wall to the pan-
creas, particularly the head of the pancreas. In a report of 
4 patients with borderline or locally advanced pancreatic 
cancer planned for radiation therapy, hydrogel was in-
jected under EUS guidance into the pancreatic head-du-
odenal wall interface to increase the physical distance be-
tween the pancreas and the duodenal wall [26]. In that 
study, this technique was technically feasible and no radi-
ation-induced duodenal toxicity was reported. Further 
studies are warranted to confirm that hydrogel might me 
used has a spacer in pancreatic cancer to potentially re-
duce SBRT gastrointestinal wall toxicity [26].

Discussion and Conclusion

In recent years, EUS has become an invaluable tool for 
the diagnosis and management of pancreatic cancer. Re-
cent technical advances have contributed to the develop-
ment of new EUS-guided techniques for the management 
of pancreatic cancer, such as fine-needle tattooing and 
fiducial placement. Due to the fact that these are novel 
procedures, most published studies have focused on tech-
nical success and safety, and data on patient outcomes is 
limited. Furthermore, there is still a lack of standardiza-
tion of several technical aspects of both procedures. 
Hence, more studies, and randomized controlled trials in 
particular, are needed to further and better evaluate their 
clinical role and impact in pancreatic cancer manage-
ment before definite guidelines can be established. 

Key Points
Preoperative EUS-guided fine-needle tattooing of 

small pancreatic tumors is technically feasible and helps 
in precise localization of these lesions during surgery, po-
tentially ensuring adequate margins of resection (R0 re-
section) while preserving healthy pancreatic tissue.

In borderline, locally advanced and metastatic pancre-
atic cancer planned for imaging-guided radiation thera-
py, EUS-guided fiducial placement is feasible, safe and 
effective, improving the accuracy of target delineation 
and reducing radiation exposure during SBRT. Compar-
ing to the traditional back-loaded needles, new preloaded 
fiducial needles appear to reduce the procedure time 
while reducing needle stick injuries.

Hydrogel, a new injectable liquid with multimodal vis-
ibility recently approved as a liquid fiducial, is currently 
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under investigation in pancreatic head cancer as an EUS-
injected spacer to potentially reduce SBRT gastrointesti-
nal wall toxicity.
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