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Stereotactic body radiation therapy (SBRT) is an important treatment option for pancreatic cancer, which is known to be one of the
malignancies with the worst prognosis. However, the high radiation doses delivered during SBRT may cause damage to adjacent
radiosensitive organs. To minimize such damage, fiducial markers are used for localization during SBRT for pancreatic cancer. The
development of endoscopic ultrasound (EUS) has enabled fiducial markers to be inserted into the pancreas using an EUS fine-needle
aspiration (FNA) needle, unlike in the past when percutaneous placement was generally performed. For successful EUS-guided
fiducial marker placement, it is necessary for the fiducial markers to be loaded within the EUS-FNA needles to have a low probability
of complications and a low migration risk, and to be stably observed in SBRT imaging. A systematic review has shown that the
technical success rate of EUS-guided fiducial marker placement is 96.27%, whereas the fiducial marker migration and adverse event
rates are 4.33% and 4.85%, respectively. Nonetheless, standardized techniques for fiducial marker placement and the characteristics
of optimal fiducial markers have not yet been established. This review will introduce the characteristics (e.g., materials and shapes) of
fiducial markers used in fiducial marker placement for pancreatic cancer and will discuss conventional techniques along with their

success rates, difficulties, and adverse events. Clin Endosc 2021;54:314-323
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INTRODUCTION

The American Cancer Society has reported that pancreatic
cancer is the fourth leading cause of cancer death in both men
and women and is one of the malignancies with the worst
prognosis.” Among patients diagnosed with pancreatic cancer,
only 10% are eligible to undergo surgery, whereas 30-40% are
categorized into the borderline resectable or locally advanced
group and the rest into the metastatic disease group.” As a ther-
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apeutic option for pancreatic cancer, radiation therapy may
decrease the recurrence risk; however, it tends to be accom-
panied by adverse effects and to have a prolonged treatment
duration with irradiation with standard fractions.”” With ste-
reotactic body radiation therapy (SBRT), the treatment dura-
tion is reduced, as 5 Gy of radiation per fraction is delivered to
the target organ for a shorter period (i.e., between one and six
sessions) compared with the standard radiation therapy, while
still effectively improving the local control of pancreatic can-
cer. However, the high dose of radiation used in SBRT needs
to be seriously considered, as it can cause damage to normal
tissues adjacent to the target site (i.e., organs at risk [OAR]).’
Accordingly, it is essential to accurately target the lesion to
reduce the radiation dose to OAR; however, it is particularly
challenging to locate the tumor site in the pancreas on cone-
beam computed tomography (CT) imaging generally used in
radiation therapy, unlike on planning CT. For this reason, it
has been reported that SBRT is associated with a rate of toxic-
ity to normal gastrointestinal organs of >10%." In an effort to
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reduce OAR toxicity, fiducial markers were developed to aid in
tumor localization. Fiducial markers providing high contrast
are easily observed even on cone-beam CT with no contrast
enhancement, which would help accurately target the tumor
during SBRT, thereby leading to a decreased risk of damage
to adjacent organs.” A recent study compared the outcomes
between conventional SBRT and SBRT with fiducial marker
placement in unresectable pancreatic cancer. No significant
differences were observed in local recurrence, overall survival,
surgical margins, and lymphovascular invasion between the
two methods. In terms of toxicity, patients who underwent
SBRT with fiducial marker placement had less abdominal pain
but more fatigue and nausea. However, other major toxicities,
such as vomiting, diarrhea, and constipation, were similar be-
tween the two groups. Notably, this study was a retrospective
cohort study at a single institution and the SBRT protocol and
fiducial marker insertion methods were different between the
two groups. In addition, the statistical power was insufficient
owing to the small number of cases. Therefore, well-designed
randomized prospective studies are needed in the future."
Three different methods are available for inserting fiducial
markers into the lesion: surgical insertion, percutaneous inser-
tion, and endoscopic ultrasound (EUS)-guided insertion. The
organs in which fiducial marker placement was first attempted
include the prostate, vertebrae, and lungs because these organs
are relatively easy to target using the percutaneous method."
Conversely, the pancreas is relatively challenging to access
percutaneously, with a higher risk of adjacent organ damage
or vascular injury. In addition, the surgical method is not op-
timal because of its invasiveness."' In contrast, EUS provides

Table 1. Types of FDA-Certified Fiducial Markers
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high-resolution images, allowing for real-time observation of
the pancreas from the stomach and duodenum. During the
last three decades, EUS interventions have enabled surgeons
to access any desired site in the pancreas.'” Since the first case
report published in 2006, EUS-guided fiducial marker place-
ment has become the preferred method for fiducial placement
in patients with pancreatic cancer.”""""> However, standardized
techniques and information on the characteristics of optimal
fiducial markers have not been established. Thus, this review
will discuss the characteristics of fiducial markers used in
EUS-guided fiducial placement for pancreatic cancer, the
existing techniques that have already been applied, and the
success rates and adverse events of each technique.

Features of fiducial marker types for EUS-guided
fiducial placement

Optimal fiducial markers for placement in the human body
need to be safe and easily observed with imaging modalities
such as cone-beam CT during SBRT. To increase the visibility
of a fiducial marker in the imaging method commonly used in
SBRT (i.e., cone-beam CT), the fiducial marker should provide
high contrast and produce negligible artifacts. Furthermore,
it should have a structure that provides comfort and safety in
terms of technique during EUS-guided fiducial placement,
as well as helps reduce complications and minimize migra-
tio n.2,9,l6

Fiducial markers are broadly divided into solid and liquid
types, and the solid type is subdivided into three different
materials: gold, platinum, and carbon (Table 1). Among these,
solid gold markers have the most data available from previous

Diameter

Length

Compan Fiducial marker Material Shape
pany (mm) (mm) P
Best Medical International (USA) Loose Gold Marker Gold 0.80 3 Cylindrical
Naslund Medical AB (Sweden) Gold Anchor Gold 0.28 100r20  Folded line shape (ball shape)
RadioMed Corporation/IBA (Germany) Visicoil Gold 0.35 10 Helical coil
Cook Medical (USA) EchoTip Ultra Fiducial Gold 0.43 5 Step shape
Needle
Medtronic (USA) Beacon FNF Preloaded Gold 0.43 5 Cylindrical (knurled exterior
Needle design)
RadioMed Corporation/IBA (Germany) Visicoil MR Platinum 0.350r0.75 5or10 Helical coil
Boston Scientific (USA) LumiCoil Platinum 0.46 50r10  Coiled outer sheath, figure-of-
eight or straight shape
Carbon Medical Technologies Inc. (USA)  Acculoc Carbon Marker ~ Carbon 1.00 3 Cylindrical

FDA, Food and Drug Administration
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studies (Table 2).>'">"7¢

Gold fiducial markers approved by the Food and Drug
Administration (FDA) include the following: 1) Gold Anchor
manufactured by Naslund Medical AB (Huddinge, Sweden), 2)
Visicoil from RadioMed Corporation/IBA (RadioMed Corpo-
ration; Bartlett, TN, USA/IBA; Schwarzenbruck, Germany), 3)
Loose Gold Marker from Best Medical International (Spring-
field, VA, USA), 4) EchoTip Ultra Fiducial Needle from
Cook Medical (Bloomington, IN, USA), and 5) Beacon FNF
Preloaded Needle from Medtronic (Minneapolis, MN, USA)
(Table 1).> Gold fiducial markers are available in diameters of
0.28,0.35,0.43, and 0.8 mm, and a 19-gauge needle is required
for markers with a diameter of > 0.75 mm. In addition, they
have variable lengths of 3, 5, 10, and 20 mm.

Meanwhile, platinum markers include Visicoil MR manu-
factured by RadioMed Corporation/IBA (RadioMed Corpora-
tion; Bartlett, TN, USA/IBA; Schwarzenbruck, Germany) and
LumiCoil manufactured by Boston Scientific (Marlborough,
MA, USA). They are available in 0.35, 0.46, and 0.75 mm di-
ameters and 5 and 10 mm lengths (Table 1). Platinum markers
are considered to have better visibility on magnetic resonance
imaging than gold markers because, theoretically, platinum
has unpaired electrons in its outer shell; however, further
investigations are needed to clinically prove this theory, and
it should be considered that cone-beam CT is widely used in
SBRT for pancreatic cancer when selecting fiducial markers
according to material.”’

Lastly, Acculoc Carbon Marker manufactured by Carbon
Medical Technologies Inc. (Saint Paul, MN, USA) is available
with a diameter of 1 mm and a length of 3 mm (Table >
Carbon has a lower atomic number than gold or platinum. It
has been shown to provide improved images in a study that
used a high-resolution phantom model applied to one of the
external beam radiotherapies (i.e., proton radiotherapy). How-
ever, the use of carbon markers in EUS-guided fiducial place-
ment can be limited by their diameter, which can be as large
as 1 mm, and there have been only a few studies on the use of
carbon markers in SBRT for pancreatic cancer.”

Slagowski et al. compared the visibility and artifacts of 11
commercially available fiducial markers in a virtual SBRT
study using a phantom model.” Of the fiducial markers, Visi-
coil MR (5 mm length, 0.75 mm diameter, coiled shape, plat-
inum) showed the highest contrast, followed by Loose Gold
Marker (3 mm length, 0.8 mm diameter, cylindrical shape,
gold), EchoTip Ultra Fiducial Needle (5 mm length, 0.43 mm
diameter, step shape, gold), and Gold Anchor (10 mm length,
0.28 mm diameter, ball shape, gold), in the order listed.” In
addition, fewer artifacts were produced by Acculoc Carbon
Marker (3 mm length, 1 mm diameter, cylindrical shape,
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carbon), Gold Anchor (10 mm length, 0.28 mm diameter,
linear shape, gold), and Visicoil MR (10 mm length, 0.35 mm
diameter, coiled shape, platinum).” Moreover, well-balanced
images in terms of contrast and artifacts were observed with
Beacon FNF Preloaded Needle (5 mm length, 0.43 mm diam-
eter, cylindrical shape, gold) and Visicoil (10 mm length, 0.35
mm diameter, coiled shape, gold).” However, the study results
were derived from phantom models instead of live pancreatic
tissues, and visibility was assessed without considering tech-
nical convenience or the incidence of complications. Larger
diameters and longer lengths are associated with improved
visibility but also with increased technical difficulty. A survey
conducted among physicians showed that their most preferred
fiducial markers were coil- or cylinder-shaped gold fiducials
with diameters of 0.35-0.43 mm and lengths of 5-10 mm
showing a balance between contrast and artifacts (Fig. 1).”

Liquid-type fiducial markers

Despite their various advantages, fiducial markers made
from metallic materials still have the following disadvantages:
artifacts cannot be completely removed; there is a risk of mi-
gration; and the lesion tends to remain even after treatment
if not surgically resected. Recently, there has been an attempt
to create space between the tumor and adjacent tissues by in-
jecting liquid gel, with the aim of reducing damage to adjacent
tissues during radiation therapy for prostate cancer.”* The
most frequently used liquid component is hydrogel (TracelT
Fiducial Marker; Augmenix Inc., Bedford, MA, USA) made
of iodinated polyethylene glycol particles.”*
approved as soft-tissue fiducial markers by the FDA, remain
in the body for 3 months, become absorbed intravitally at 7
months, and are finally cleared through the kidneys.” Ussui
et al. in 2016 demonstrated the feasibility of liquid hydrogels
as fiducial markers in a study with two participants with pan-

Hydrogels,

creatic cancer.” Theoretically, liquid fiducial markers do not
produce artifacts typical with metal fiducials, have no injury
risk to operators during fiducial loading, have a lower risk of
migration, and disappear from the lesion by itself after treat-
ment. However, there have been only a few studies using liquid
fiducial markers, and other well-designed, comparative studies
with other markers made of different materials are needed.”

Shapes of fiducial markers

Among the studies on fiducial markers, metal markers have
been examined the most. Moreover, the studies similarly con-
cluded that fiducials should have a shape that can aid the load-
ing and placement of EUS-FNA needles cause less migration
after insertion, and produce high contrast and fewer artifacts
on imaging. Fiducial markers have been developed in several



Kim SH et al. EUS-guided fiducial placement for SBRT

"901A9p AIDAI[DP I9LLIED J[PIAU & UO PIPEOAI],

*Apmys 93 JO J[ey puodas Ay} ur pasn Jou sem £dodsoIonfy 910Jo1aY) ST UO UIIS [[oM Sem [ednply a1 Inq quatuade[d Surmp pasn sem Adoosozonyy Kyenruy,

“ejep ou ‘(N ‘9Sned ‘0

‘Te 39 019
VSN ‘NL Sydwapy ‘ysn Ansunsoq vgr  30adxg uoysog ‘Oze %Sbm& Joeq Snd 0t S€0 PI®D [IOJISIA Ly/Ly -Eomwh (6107) 1
300D dioyg SL0 . Te 10 wey
VSN NI NapIeq “Ou] paNOIpey ‘DTT 10 HT Surpeor yoeq SNda 01 106¢0  PIOD [TOOTSIA P1S/881 -peyd (9107) 11
(27) oq/(LT) TOIISIA
VSN VM ‘Pues] 12010 430[00uQ 2100 e Surpeoy ypeq aN S0 PlOD [10JISIA /() Jotpuy ploo
Aydeido )
Uapamg S3uIppnH ‘qV [eAIPSIA Pun[seN ) 4d Surpeo>peg  -perpuesndg 01 8C0 PI0D  Ioypuy p[oD €T/€T oprefe] (7107) 01
vsn Aydeido [ernpy oI
VI Q[[IA[eI0D) ‘SUonn[og [BIIPIN ODAID  YooD dijoyoq ‘D6l Surpeopdpeq  -Ipel pue SOH € 80 PIoD [euonipedy, (4[4 P10YD (F107) 6
[eronpy o Te 12 1opuumn(
aN aN Surpeo| Ypeq SNA S 80 PIoD [euonipedy, 6£/6€ -e]N (€100) 8
(1) TOAISIA
VSN VM ‘Puefs 12019 430[00u( 2100 300D diLoypd ‘Dzz  Surpeo yorg 01  S€0 PO [IOIISIA “(67)reuonIpei,
vsn [eronpYy B qe
VA ‘PPYSuLdS Teuoneusiu] [eIIpajN 359g Yoo difoydg ‘D61 Surpeo] yoeg SNH S 80 PIoD [euonrpedy, 6£/6¢ -ysey (¢107) £
vsn BENALI AN e 32 nnfex
‘VA ‘PPYySunIdg ‘TeuoneuIsiu] [edIpaAl 359 D61 Surpeo| Ypeq SNd € 80 [%S9) PIoD 9s00T 6/6 -epereA (0102) 9
vsn [eonpY [P
VD Temopy[eg “ouf so1a1eg edow( eydly  yooD dijoydsg ‘De1  Surpeoy yoeg snA S 80 pPIoo [euonIpel, 1S/1S s1opues (0107) S
vsn [eronpy o [©
‘YO Temop[Rg “ou] s01a19¢ oW eydly  YooD difoyoq ‘D1 Surpeo 3oegq Nkt ST 80 [%(S9) [euonipely, LS/LS 1o3Ied (0107) ¥
g I8
VSN VM Puefs] 2013\ £80[0ouQ 210 oo difoydq ‘Hzz  Surpeof yoeq SNd 01T €0 %) [TOOISIA 0€/6 OTeNI (0T07) ¢
LTe3
VSO ‘N.L BopIeg £nsunsoq vl 300D ‘DT Surpeo Juox] SNd (01 ce0 PO [TOSISIA €T/ Tewwry (0T07) ¢
vsn ID[TEIA  Te 30 uerea
VA ‘PPY3und Teuoneuwsau] [edIpIIA 1S9 qO[D-IPIN ‘D61 Surpeo[juor] Nkt glog¢ 80 %) P10 98007 €1/L -Usid (9002) 1
UOTJBULILJUO0D (wurur) $3sBD
Auedwron S[paau Jo a8nen) POYIOIN Juduroed (vru) 190 [eLIdIR]N oued [e/sased oneanued fompne *ON.
[epNpLy pauaT -wer(q [PRIpH ‘syuanyed Jo "ON (xeak) kpms

sealouBd 8y} Ul uoijejuejdw] JaxJe|y [e1onpl4 UO SaIpnig Jo Alewwng *Z a|qeL

317



ce CLINICAL ENDOSCOPY

Fig. 1. Fluoroscopic and endosonographic views after EUS-guided fiducial placements. (A) Fluoroscopic view of Loose Gold Marker (0.80 mm diameter, 3 mm
length; red arrow) and Gold Anchor (0.28 mm diameter, 20 mm length; yellow arrowhead). (B) Fluoroscopic view of Visicoil (0.35 mm diameter, 10 mm length; arrow). (C)
Endosonographic view of Gold Anchor (0.28 mm diameter, 20 mm length; arrow).

shapes, most commonly cylindrical, linear, coiled, and step
shapes, which may appear spherical in images depending on
the level of transformation after insertion or the imaging an-
gles (Table 1). Traditional fiducial markers were cylindrical in
shape. Cylindrical markers are relatively easy to manufacture;
however, they might have an increased risk of migration be-
cause their homogeneous shape tends to allow them to move
easily."""**' To allow fiducial markers to be inserted with a
decreased migration risk, their shapes have been changed and
the surface area in contact with the adjacent tissues has been
increased.

Gold Anchor, a linear-shaped fiducial marker, was designed
to have a lower risk of migration. When the FNA needle is
withdrawn from the lesion, the multiple cutouts at regular
intervals of Gold Anchor allow thinner parts of the marker to
gradually fold and be imbedded with the adjacent tissues (Fig.
1A,C). As a linear-shaped fiducial marker with a surface area
in the shape of a helical coil, Visicoil easily bends and changes
its shape when inserted. Theoretically, this property allows
Visicoil to be more firmly implanted in the lesion. Such high
flexibility may enable the marker to adjust to the movements
of adjacent tissues (Fig. 1B). In addition, Visicoil is known to
have high stability and low migration risk because the helically
coiled shape increases the surface area that comes into contact
with soft tissue."*

The shapes of EchoTip Ultra Fiducial Needle and Beacon
FNF Preloaded Needle are similar to those of the previous
fiducial markers, but these FNA needles are preloaded with
fiducial markers for operator convenience. The EchoTip Ultra
Fiducial Needle is preloaded with four solid fiducial markers,
which are step-shaped and resemble a cylinder with notches
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carved into them (Fig. 2A)."”* The needle and fiducial design
allows for the stylet to sequentially deploy the four fiducials,
and the step-shaped structure may help reduce migration
within tissues. The Beacon FNF Preloaded Needle is preloaded
with two fiducial markers in a cylindrical configuration with
knurls or ridges etched on their surface to decrease the risk of
migration.” Platinum Visicoil MR is shaped similar to a helical
coil and resembles gold Visicoil in many respects, whereas
LumiCoil has a coil-shaped surface and has two different con-
figurations: straight and figure of eight (Fig. 2B).

Techniques of EUS-guided fiducial placement

The technique of EUS-guided fine-needle injection is the
foundation of EUS-guided fiducial marker placement.”” The
sizes of FNA needles used for EUS-guided fiducial placement
are 19 and 22 gauge. The gauge of the FNA needle is deter-
mined by the diameter of the fiducial marker. For example,
a fiducial marker with a diameter of >0.75 mm would need
to be used with a 19-gauge needle. Traditional cylindrical
markers that were used in the early years of EUS-guided
fiducial placement had a diameter of 0.8 mm and were ac-
cordingly used with 19-gauge needles. However, inserting a
19-gauge FNA needle with high rigidity into a lesion located
in the pancreatic head may be difficult to achieve using the
transduodenal approach owing to the angulations of the EUS
scope.'""* For this reason, 22-gauge FNA needles are pre-
ferred for use with fiducial markers with diameters <0.75 mm
(ie., 0.28 or 0.35 mm)."** However, when using too small fi-
ducials relative to the size of the FNA needle channel, the fidu-
cials could fall out of the needle lumen or kinking could occur
while deploying the fiducials with the stylet. Therefore, it is



Kim SH et al. EUS-guided fiducial placement for SBRT

Fig. 2. Echo Tip Ultra Fiducial Needle and LumiCoil. (A) EchoTip Ultra Fiducial Needle is preloaded with four fiducial markers. (B) LumiCoil is a platinum fiducial

marker with two different shapes: figure of eight and straight.

Fig. 3. Fiducial back-loading technique using a needle carrier delivery device. (A)

advisable to use fiducials that can easily move within the FNA
needle lumen and that fit the diameter of the FNA needle.”
There are two different approaches for loading a fidu-
cial marker within the EUS-FNA needle: back-loading and
front-loading techniques. In 2006, Pishvaian et al. performed
a front-loading technique using the following steps: first, the

Approximately 3 cm of the outer plastic sheath of the FNA needle package is cut

with scissors. (B) The needle carrier delivery device is pushed into the FNA needle tip. (C) The fiducial loaded in the needle carrier delivery device is inserted into the
FNA needle tip using a stylet. (D) The tip of FNA needle with the fiducial is sealed with bone wax. FNA, fine needle aspiration

EUS-FNA needle was inserted into the lesion; second, the
stylet was completely removed; third, a fiducial marker was
inserted into the needle lumen; and finally; the fiducial marker
was pushed with the stylet." Likewise, in 2010, Ammar et al.
used the front-loading technique and suggested that the stylet
should be left out as long as the length of the fiducial marker
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to prevent the fiducial marker from being inserted into non-
target lesions.” However, the front-loading approach has dis-
advantages in that it can be challenging to deploy the fiducial
marker with the stylet in cases of angulated FNA needles. In
addition, air bubbles often enter the lesion through the FNA
needle channel after stylet removal, which degrades the images
and accordingly makes it difficult to confirm the success of the
procedure.

Another approach for loading fiducial markers is the
back-loading technique (Fig. 3). In the back-loading approach,
before FNA needle insertion into the EUS scope channel,
Owens et al. retracted the stylet by 10 mm. Thereafter, they
back-loaded the fiducial marker into the FNA needle using
forceps and sealed the fiducial with sterile bone wax.”” The
back-loading technique described above shortened the time to
push the fiducial with a long FNA needle, which was consid-
ered a drawback of the front-loading approach, and reduced
the possibility of introducing air into the lesion. However, the
procedure for back-loading a fiducial into the FNA needle tip
using forceps can be complicated, and there is a risk of nee-
dle stick injury to the operator. To overcome this drawback,
DiMaio et al. in 2010 simplified the complicated procedure
of loading fiducials into the FNA needle tip using forceps by
preloading fiducial markers on the needle carrier delivery de-
vice."® Unlike the front-loading approach, bone wax is used to
seal the needle tip to avoid the loss of preloaded fiducial mark-
ers while inserting the FNA needle into the EUS scope in the
back-loading technique. The disadvantages of using bone wax
include the possibility of blocking the entry of the needle tip
owing to its hardness and the theoretical potential of bone wax
itself to remain in the lesion and cause granuloma formation.
The “wet-fill technique” was introduced as a method to reduce
the use of bone wax. With the wet-fill technique, the fiducial
marker is back-loaded into the FNA needle filled with saline
by placing the needle tip into sterile saline and pulling the sty-
let by approximately 10 cm.”

Both the front- and back-loading methods involve compli-
cated and time-consuming procedures for loading the fiducials
in the FNA needle. To solve this problem, EUS-FNA needles
preloaded with two or four fiducials have been designed to en-
able multifiducial delivery. Two products of preloaded fiducial
markers are currently available: EchoTip Ultra Fiducial Needle
from Cook Medical and Beacon FNF Preloaded Needle from
Medtronic. The EchoTip Ultra Fiducial Needle holds four
fiducial markers loaded in a 22-gauge FNA needle, and each
of the four markers is successively implanted depending on
the depth of pushing by the stylet (Fig. 2A).* Meanwhile, the
Beacon FNF Preloaded Needle has a unique design in that
two fiducial markers are preloaded in a 22-gauge FNA needle
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with a locking system at the tip of stylet, which prevents si-
multaneous deployment of the two markers.” In a randomized
controlled trial, Machicado et al. in 2019 compared the pre-
loaded EchoTip Ultra Fiducial Needle with the back-loading
technique using Visicoil. They found no significant differences
in adverse events, migration rate, and visibility, but observed
a decrease in procedure time with the EchoTip Ultra Fiducial
Needle.”

Technical success rate of EUS-guided fiducial
placement

Chavalitdhamrong et al. in 2015 reviewed nine research
articles and concluded that the technical success rate of
EUS-guided fiducial placement was between 85% and 100%."
In 2020, Patel et al. analyzed 820 patients with pancreatic can-
cer selected from 11 studies and reported that the technical
success rate of EUS-guided fiducial placement was 96.27%
(95% confidence interval [CI], 95.35-97.81).” Although not
limited to pancreatic cancer, Coronel et al. in 2019 analyzed
1155 patients with gastrointestinal malignancy selected from
nine research articles and five abstracts. They estimated the
technical success rate of EUS-guided fiducial placement to be
98% (95% CI, 96-99)."

Technical difficulties of EUS-guided fiducial
placement

The technical difficulties of EUS-guided fiducial placement
are broadly divided into three areas: operator characteristics,

. . . o 4. 16,39
lesion attributes, and device characteristics.

First, operator
characteristics refer to the operator’s proficiency level in imple-
menting novel techniques. Park et al. found failure incidents in
12 of 57 cases in total and suggested that an adequate learning
curve is required.” The second area is the attributes of the
lesion. In patients who have undergone surgeries such as pan-
creaticoduodenectomy, it can be difficult to locate the lesion
using EUS. Moreover, if the lesion is located in the pancreatic
head or uncinate process, a transduodenal approach would be
required. In this case, using a 19-gauge FNA needle may make
it more challenging to target the lesion because of the rigidity
of the needle, and it may be more difficult to push fiducial
markers through the FNA needle tip using the front-loading
approach. In cases in which there are intervening vessels, the
procedure is also challenging. Finally, device characteristics
are divided into the characteristics of the EUS-FNA needle
and those of the fiducial markers. As previously stated, the
22-gauge EUS-FNA needle is the recommended size, as it
allows for more versatility in procedures. The characteristics
of fiducial markers include their diameter, shape, and loading
method. The optimal fiducial markers in terms of technical



characteristics are those that are small in diameter, easily load-
ed into the FNA needle, and easily deployed by the stylet of
the EUS-FNA needle into the lesion. The loading methods of
EUS-FNA needles with fiducial markers can also contribute
to technical difficulties. Recent studies have revealed that fi-
ducials with diameters <0.75 mm that could be loaded into
22-gauge EUS-FNA needles are preferred; the back-loading
technique is preferred over the front-loading technique; and
preloading fiducial marker needles may reduce the procedure
time and eliminate the risk of needle stick injury to opera-

11,15,17-26
tor.

Risk of migration of fiducial markers

In 2020, Patel et al. performed a systematic review and
meta-analysis of seven studies on EUS-guided fiducial mark-
er placement for pancreatic cancer and reported a 4.33%
migration rate of fiducial markers (95% CI, 2.45-6.71).”
Similarly, Coronel et al,, in a systematic review of five studies
of EUS-guided fiducial placement for gastrointestinal ma-
lignancy, reported a migration rate of fiducial markers of 3%
(95% CI, 1.0-8.0)." Depending on the onset time, fiducial
migration is divided into immediate migration and delayed
migration.” Immediate fiducial migration may occur owing
to technical difficulties, and an additional fiducial marker can
be inserted once the migration is detected by the operator.
Delayed fiducial migration can have three main causes: 1)
changes in tissue related to tumor regression resulting from
neoadjuvant chemotherapy; 2) relocation of fiducial markers
induced by bleeding, swelling, or inflammation in the tissue
due to fiducial insertion into the lesion; and 3) infiltration of
air bubbles into the lesion along with the fiducial marker, lead-
ing to delayed detection of the precise location of the marker
after its EUS-guided insertion.”” In the strict sense, the third
case is seldom distinguished from incorrect placement occur-
ring at the point of EUS-guided fiducial placement. To avoid
the third case, caution is required to avoid the inclusion of an
air bubble within the EUS-FNA needle while loading fiducial
markers.””” For accurate targeting, efforts should be made to
reduce fiducial migration during SBRT, although no adverse
events linked with migration have been reported in the ex-
isting studies." Factors assumed to contribute to fiducial mi-
gration may include the shape of the fiducial markers. Kerd-
sirichairat et al. reported that the fiducial markers of Beacon
FNF Preloaded Needle have a higher risk of migration than
Visicoil and Gold Anchor fiducial markers, with Gold Anchor
having the lowest risk.** This can be interpreted to mean that
the cylindrical type, which has the smallest surface area in
contact with the adjacent tissues, would have the highest risk
of migration; therefore, Gold Anchor, which folds after inser-
tion, would have the lowest risk of migration. Furthermore,
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the fiducial marker of Beacon FNF Preloaded Needle (5 mm
length) is shorter than the other fiducial markers included in
the study, which may have resulted in a higher migration rate.

Adverse events of EUS-guided fiducial placement

A systematic review of 10 studies that included only pa-
tients with pancreatic cancer reported that the complication
rate of EUS-guided fiducial implantation was 4.85% (95% CI,
3.04-7.03).” Although the systematic review conducted by
Coronel et al. included patients with all types of gastrointesti-
nal malignancies, their meta-analysis produced similar results
and showed a 4% adverse rate of EUS-guided fiducial implan-
tation.'® However, lethal or life-threatening bleeding cases have
not been reported. The complications reported in the study
mostly included minor bleeding, mild pancreatitis, and infec-
tion. Abdominal pain, vomiting, and needle malfunction have
also been reported; however, no study evaluating long-term
complications has been published."*"

Since the publication of an early report on cholangitis after
EUS-guided fiducial placement for pancreatic cancer, prophy-
lactic antibiotics have been widely used and no further cases of
lethal infectious complications have been reported."*'*'**"*

CONCLUSIONS

From the outcomes of the existing studies, it is apparent
that EUS-guided fiducial marker placement plays a beneficial
role in SBRT for pancreatic cancer. Well-designed studies
comparing techniques of EUS-guided fiducial placement or
comparing fiducial markers have not been conducted. Future
comparative studies are needed to determine the optimal
types of metallic material or the shape of fiducials, as well as
the optimal delivery technique. Additionally, a newly intro-
duced liquid hydrogel has started to receive attention in terms
of whether it would be able to replace metallic materials in
the development of fiducial markers. However, the most im-
portant factor is close cooperation and discussion about the
selection of fiducial markers for each patient among gastro-
enterologists, oncologists, surgeons, and radiation oncologists
who perform SBRT.
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