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Abstract Pancreatic fluid collections (PFCs) have conventionally been treated with surgery, percutaneous
drainage, or with the more recently established endoscopic ultrasound (EUS)-guided drainage
modality. Currently, endoscopic plastic or metallic stents are used for PFC drainage. Plastic stents
present issues with stent migration and premature occlusion requiring frequent stent exchanges or
placement of additional stents. Metallic stents are tubular and may migrate, resulting in inefficient
drainage, content leakage, retrieval and replacement, and possible mucosal injury. The aim of
this review was to summarize and evaluate the clinical and technical effectiveness of EUS-guided
placement of the recently developed AXIOS stent, a lumen-apposing self-expandable metallic stent
(LASEMS)for PFC drainage. A literature review was performed to identify the studies describing
this technique. In this review article we have summarized case series or reports describing EUS-
guided LASEMS placement. The indications, techniques, limitations and complications reported
are discussed. A total of 298 patients were included across all studies described thus far in the
literature. Overall, a 97% technical success rate and a 96% clinical success rate have been reported.
Early and late complications related to the placement or removal of LASEMS have been reported,
however few cases have presented life-threatening results. EUS-guided PFC drainage and LASEMS
placement can be a safe and effective alternative approach in the management of selected patients.
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Introduction and percutaneous treatment are more traditional forms of
management of PFCs, both modalities have their drawbacks.
Surgery is associated with higher rates of morbidity (5-35%) and
mortality (6%), whereas the external catheter in percutaneous
) ) ) ) treatment increases the risk of infection or fistula formation
acute necrotic collections, and walled-off pancreatic necrosis o . . .
(14%) [3,4]. The endoscopic management of peripancreatic
(WOPN). Symptomatic PFCs can be treated surgically, fluid collections has also been technically challenging and
percutaneously, or endoscopically [1,2]. Though surgery  agsociated with significant shortcomings, however the recent
development of the lumen-apposing self-expandable metallic
stent (LASEMS) attempts to overcome the limitations of current
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drainage, leakage, and a more frequent need for retrieval and
replacement of the stent if it migrated. Currently, it is very
difficult to predict which WOPN collections can be efficiently
and safely managed without necrosectomy. In large PFCs with
considerable necrosis, necrosectomy is usually required and
is commonly performed when the initial endoscopic drainage
has not been effective [6,7].

The AXIOS lumen-apposing stent (Xlumena Inc., Mountain
View, California, USA) attempts to overcome the limitations of
current endoscopic accessories with a removable fully covered,
nitinol, braided stent deployed under endoscopic ultrasound
(EUS) guidance. A “dumbbell” configuration with two large
flanges aims to avoid stent migration. When fully expanded the
stent has a flange diameter twice that of the “saddle” section
allowing apposition of the tissue layers. The large diameter
capacity of the stent also allows necrosectomy in repeated
sessions without the need for stent replacement [8,9]. The stent
is available in two diameter sizes, 10 or 15 mm.

A few authors have recently summarized the clinical and
technical success of using the LASEMS in PFC drainage. In
the present review, the indications, techniques, success rates,
limitations, and complications reported thus far with EUS-
guided PFC drainage using the LASEMS are described.

Materials and methods

An extensive English language literature search was
conducted using PubMed, Medline, and Google to identify
peer-reviewed original and review articles using the keywords
‘endoscopic ultrasound, ‘Tumen-apposing self-expandable
metal stent, ‘pancreatic fluid collection, AXIOS’ and ‘drainage.
Only human articles were selected. The references of pertinent
studies were manually searched to identify additional relevant
studies. The indications, procedural details, technical and
clinical success rates, complications, and limitations were
considered as part of the inclusion criteria. Search results

yielded mostly small sample sized prospective studies and
case reports, which limited statistical analysis in the form of
meta-analysis. None of the authors have any conflicts of interest
or financial relationships with the company that produces or
distributes the device described in the review article.

Results

Eleven original articles published were considered
appropriate to be included in the review article. Of these, five
were case reports from Italy [10,14], New York, USA [17,19],
and Spain [11]. Six articles were case series from Italy [13],
Colorado, USA [15], Netherlands [12], Spain [18], Utah,
USA [20] and Japan [9]. All studies have been summarized in

Table(s)1 and 2.

Demographics

As mentioned in Table 1, most of the cases were reported
from European countries. A total of 298 patients were included
across all studies. 99 patients were female while 199 were male.
Mean age calculated from all reported cases was 56 years.

Indications

Indications for EUS-guided pancreatic fluid drainage
included the following symptomatic lesions: pancreatic
pseudocyst, walled off pancreatic necrosis, infected pancreatic
necrosis, and acute peripancreatic fluid collection. All patients
who underwent EUS-guided placement of LASEMS were
symptomatic at the time of diagnosis. PFC diameter ranged
from 50 to 200 mm.

Table 1 Patient characteristics in lumen-apposing self-expandable metallic stent cases

Study, location Patients (number)

Age (years) M/F (number) Type of study

Anderloni et al (2015) Italy [10] 1
Boumitri et al (2015) USA [17] 1
Fabbri et al (2015) Italy [14] 1
Parra et al (2015) USA [19] 1
Rinninella et al (2015) Italy [13] 93
Shah et al (2015) USA [15] 33
Siddiqui et al (2015) USA [20] 82
Walter et al (2015) Netherlands [12] 61
Gornals et al (2013) Spain [16] 9
Gornals et al (2012) Spain [11] 1
Itoi et al (2012) Japan [9] 15

70 0/1 Case report
52 1/0 Case report
70 1/0 Case report
56 1/0 Case report
60* 71/22 Case series
53* 18/15 Case series
53* 49/33 Case series
55% 38/23 Case series
55% 7/2 Case series
37* 1/0 Case report
54* 12/3 Case series

Age listed as mean of cohort (*)

Annals of Gastroenterology 29



Au1039350499u 21dodsopua 1a41p ‘NA Uoyuaui ou ‘WN 25nvs ‘0 padvydosasuviy G, D1svIsuvi) ‘O] Jpuaponpsuviy (., ‘YiSua] T “4ajpuivip (q Sis042au dpasouvd fJo-pajipm NdOM Uo12aj0d pinif supvaisouvd D14

EUS-guided placement of AXIOS stent for PFCs 3

(J0T) Te3213e0
£12)n€201193]2 10

(%0°07) ST/ “(Ww-§) Uonep

suonesrduwod Burzoo payrwi[-J[2§  uoofeq ‘(J01-49) €= 3skoopnasd [6] uede(
ou ‘skep ¢¢  (€6) S1/¥1 (00T) ST/ST (%0°9) S1/1 ‘voneaSiwjua)g  18noq Suneid  ¢I=OL 0TX01 SOIXV (002-SS) €86 oneanued  (Z10T) (v 12 10)]
suonesrdwod UOTJB[Ip UOO[[eq yskoopnasd [11] ureds (z107)
ou ‘skep 17 (001) 1/1 (001) 1/1 xesoyjownaud uorsuay, 21A9P XTAVN L 0TX0T SOIXV 0S%08 SnEaIOURJ 10 79 S[eUION)
I=4L
suoneordwod uone[rp uoofreq 1=l (z=1u)STX01 S =NdOM [91] ureds (£107)
ou ‘sep ¢¢  (8'88) 6/8 (001) 6/6 (%1T) 6/1 “Xeioyjownaug IMIP XIAVN  £=DL  (£=0) 0IX0T SOIXV (0S1-0£) SOT F=1sk>0pnasd ojdurg 1v 32 s[eu10n
pasoual NOM (18) €¥/5€ 9% = NdOM  [2T] spue[oyioN
(%T8) LS/LV 3skoopnasd (%8°T) £S/1 ‘UOneIOfIdg awosoiskd  ¢=L, (6€=1) STX0T G1=)skoopnasd (S1027)
‘sep € (86) 19/09 (€6) ¥1/€T (%0°£) LS/F TONOJUI DJJ 10 01AP XTAVN  8S5=DL. (zz=u) 01%01 SOIXV (00Z-0%) 06 Jneanued JZREREN TN
dnoi3 NdOM (%) 89/ ‘dnoi3

ur (88) 89/09  NdOM Ul SUIPad[q paywI[ S UOHE[IP UOO[[Eq pI=1s4o0pnasd
pasowar  (S°/6) dnoid 3shoopnasd  (%¥1) $1/¢ ‘dnoid 3skoopnasd  wwig-9 10 J0je[Ip =L, oneanued [0z] VSN (S107)
9I9M SJUS [V 78/08 ur (00T) ¢1/21 ur juswko[doplew Jual§  eIPUAYL0S J 0T-8  £L=DI  SIX0T 10 0TX0T SOIXV 81T 89=NdOM 1v 32 mbrppig

(%€) £€/1 4dodsopua
Surrmbar ured feurwopqy

(%¢€) £¢/1 ‘uonezieydsoy

(%£°96) 0£/6T ﬁwmnoﬁo.& M 1949

ur A[[nyssaoons (%€) €€/1 ‘ured yorg NdOM
PaAOUIAT JUR)S (%¢€) €€/ uonerdrur Jug Uone[Ip Uoo[eq  ¢=], (ZI=U) SIX0T pue 3s£oopnasd [s1] VSN
‘skep 09 pue 0¢ (16) £€/0¢€ (16) €€/0¢€ (%€) €€/1 ‘UOn3JUI 2)18-58200y 10 313noq Suneiq  0€=DI  (8T=U) 0IX0T SOIXV NN oneanued  (S107) [¥ 12 Yeys

(%T) 26/ ‘wondayuy (1=u) 01X%01 61 ‘$s20sqe dRaIdUR]

(%T) T6/1 ‘uoneISIU JU)g pue STX0T ¥ ‘uonsa[[od pmy

(%1) 26/1 wnauojrradownaug (z=u) gx9 oneanuedrrad anoy
suopeordwos  (6'86) (%T) T6/1 ‘uoneIoy1dd 0T=alL (££=u)0IX0T SOIXV 7S=NOM [€T] 4®1 (ST02)
ou ‘skep 0ze  £6/76 (5'26) €6/98 (%1) T6/1 BUIPa[q PAISSEI AN €8=DI (€5=U)SIX0I  -10H (0¥Z-8€) 001 81=15A00pnasq [ j2 BPUIUUR]
uoIssIwpe SIS0109U [61] VSN
uo pasowsy  (001) 1/T (0o1) 1/1 SUON NN OL SIX01 SOIXV 891XL9 ogeanued pajodju] (S10T) [v 42 BiTed
uonesrjdurod ([erInq Ju)s eSOONW JL1)SLF [#1] 41831 (STOT)
e[ ‘quowr T (00T) T/1 (001) T/1 ‘uoneordwod 33e[) aUON uoTe[Ip uoojreq O SIX01 SOIXV NN Ddd 2newoydw4sg v 32 11qqeq
uorssIwpe [£T] VSN (ST0T)
uo pasowsy  (001) T/1 (001) T/1 dUON NN DL SIX0T SOIXY  00TX0¥T NdOM [ j2 trumog
suoneordwod SOIXY yskoopnasd  [o1] Aear (S107)
ou ‘sqpuowr 9 (00T) T/1 (0o1) 1/1 QUON NN DI SIX01 -10H 09%08 oneadued v 19 IUOHSPUY
[eAOWAI JUB)S (%) ayex TRWRIPXNBUI ey (WW) DA JO uonedo[
105 dn mof[og (%) $5900NS [e21UI) suonjeosridwod A[reg 1oe[ip Joeay, peorddy (wur) oz1s Jug  JUAS  SUOISUIWI(] Ddd jo adAj, «pmg

$35BD JU9)s dIf[elow Jqepuedxa-Jfas Sursodde-uawn] yym sgeurerp uond3[[od piny oneardued papm3-punosenyn o1dodsopus FUIGLIDSIP SIWO2INO PUE 3INPad0id Jo Arewrwing g [qey,

Annals of Gastroenterology 29



4 R. Patil et al

Technique

An oblique/forward-viewing therapeutic linear array
echoendoscope was used in all cases. A transgastric approach
via the antral wall was performed in 259/298 (87%) patients
while a transduodenal approach was performed in 22/298 (7%)
cases. A rarer transesophageal approach was only used in
two patients across all studies. The remaining 15 patients
were not included in the transgastric, transduodenal, or
transesophageal approach because the authors did not describe
a specific approach in the study. A 0.035-inch guidewire was
passed and the tract dilated by using of one of the following:
dilating bougie, dilating balloon, NAVIX device, cystosome,
or electrocautery catheter. The NAVIX device (Xlumena
Inc., Mountain View, California, USA)is a multi-function
system that enables exchange-free access, tract dilation and
delivery of two guidewires during endoscopic pancreatic
pseudocyst drainage [10]. The LASEMS was inserted under
direct fluoroscopic and EUS control. Most endoscopists prefer
performing the procedure with added radiographic imaging
that allows for more efficient stent insertion, however the
procedure can be performed without fluoroscopic guidance. In
most cases, the selection of a 10-mm or 15-mm stent diameter
was based on the contents of the PFC and the presence of
solid debris identified on EUS. A larger 15-mm diameter was
preferred for PFCs containing solids or necrotic material in
order to allow for subsequent debridement, irrigation, and
cystoscopy. The AXIOS stent was used in 100% of patients who
underwent placement of LASEMS. Two patients underwent
stent placement with the novel Hot-AXIOS stent delivery
system. The Hot AXIOS System (Xlumena Inc., Mountain
View, California, USA)combines a cautery-enabled access
catheter with the therapeutic AXIOS Stent for a streamlined,
exchange-free procedure [11-14]. It is important to note that
Hot-AXIOS is not available in the United States at this time but
is used in Europe.

Technical and clinical success rate

The combined clinical success rate was 96% in all case
reports and case series with most studies measuring success as
clinical improvement and alleviation of pain symptoms. The
combined technical success rate was 97% across all studies.
Technical success was measured as complete drainage of the
PEC. Studies that reported lower technical success rates were
Gornals et al 2013 [16] and Shah et al [15]. In Gornals et al
2013 [16], the stent was successfully positioned in all patients
except one, due to a failure of the delivery system. In this
failure case, PFC drainage was completed by placing two
plastic double-pigtail stents. The clinical success rate was 100%
in that study however, and patients experienced immediate
symptom relief after the interventions. In Shah et al [15], the
three unsuccessful LASEMS placements were possibly related
to limited operator experience as well as one case of device
malfunction. As stated in this study, it is likely that technical
success increased based on operator experience. Finally, in
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Siddiqui et al [20], the two cases of technical failure were due
to stent maldeployment in the pancreatic pseudocyst group.

Complications and adverse outcomes

Four studies had no early adverse outcomes. Minor
early complications were reported in seven studies and are
summarized in Table 2. The AXIOS stent, with its “dumbbell”
configuration and two large flanges, aims to avoid stent
migration. In our review, Rinninella, Shah and Itoi each
reported only one case of stent migration, totaling three cases
of stent migration in all [9,13,15]. Rinninella ef al reported
major complications of massive bleeding and perforation in
two patients [13]. Gornals et al 2011 reported two cases of
pneumothorax that were both presumably caused by a trans-
esophageal approach to LASEMS placement [11]. Other early
complications reported included pneumoperitoneum, access-
site infection, self-limited oozing, abdominal pain, back pain,
and PFC infection. There were no mortalities directly related
to the procedure.

Follow up and stent removal

In 8 of 11 studies, there were no complications during
removal of the LASEMS. The majority of stents were removed
using a snare or rat-tooth forceps. In Walter et al, endoscopic
stent removal was performed in 47 of 57 patients (82%). In
the 10 patients in whom endoscopic stent removal was not
performed, the reasons included: migration of the stent, stent
dislodgement during necrosectomy, removal during surgery,
and refusal by the patient [12]. In Fabbri et al, attempts at
removal of the LASEMS showed the stent embedded in the
gastric wall. It was removed using rat-tooth forceps [14]. This
case represented a late complication of LASEMS placement
and was the first case describing the “buried stent” Though
the majority of AXIOS stents were removed in the studies
included in our review, there is little data regarding recurrence
after removal or outcomes for stents left in permanently. In
Siddiqui et al follow up of patients after LASEMS removal was
9 months for the walled-off pancreatic necrosis group [20]. Of
the 68 patients, there was 1 recurrence that occurred 4 months
after removal of the AXIOS stent that was retreated successfully
by placement of a new stent through the previous cyst-
gastrostomy tract [20]. As more prospective studies following
patients long-term after AXIOS stent insertion and removal are
reported, more data will be available regarding the pros and
cons of stent removal versus permanent stent insertion.

Limitations

Thus far, clinically successful cases have been published
with few complications reported, but this may be due to a
publication bias as the procedure is fairly new. As more cases
that are technically and clinically relevant are published,



further data may be assessed regarding the potential efficacy
and safety of LASEMS in the treatment of PFCs.

Summary and future directions

Our current literature review suggests that LASEMS is
an innovative therapeutic approach for PFC drainage with
excellent efficacy, safety, and relatively few adverse outcomes.
Conventionally, multiple plastic stents are placed to drain
PFCs. However, the migration rates, smaller diameter, and the
need for multiple stent placements has necessitated alternative
options such as placing metal stents to permit efficient drainage.
Because of the “dumbbell” shape of the LASEMS and its large
diameter, apposition and a reduced risk of migration are
possible. A distinct advantage of the anchoring design and large
lumen diameter of this device is the ability to perform direct
endoscopic necrosectomy through the stent while maintaining
stent integrity, especially if the 15-mm diameter stent is used.
The large diameter enables endoscope advancement into the
PEC for debris removal while the flanges keep the stent in
place [15-19]. LASEMS placement for PFC drainage showed
a technical success rate as defined by PFC resolution of 97%.
It is likely that technical success will increase with additional
experience and use. Clinical success was measured at 96%
across all studies.

This is the first review article reporting clinical and
technical results of the LASEMS stent selectively designed
for PFC drainage. It shows that the LASEMS may be, in
the future, a feasible and safe alternative to surgery or
percutaneous drainage in patients with PFCs. In the cases
described in the literature, the majority of patients progressed
adequately in a short period of time without significant
complications related to the procedure. Preliminary reports
appear promising and large multicenter prospective studies
are needed in the future to further determine its safety and
efficacy. With further experience and the development of
more sophisticated accessories, the arena of EUS-guided
drainage and stent placement is likely to expand. In
conclusion, our study showed that the LASEMS is safe and
efficient for PFC drainage. Advantages of LASEMS compared
with other stents include single-step deployment and the
ability to perform direct endoscopic debridement with
minimal stent migration. Whether the safety and efficacy
of LASEMS is superior to conventional double-pigtail
plastic stents for PFC drainage would require a prospective,
randomized, controlled trial.

References

1. Banks PA, Bollen TL, Dervenis C, et al. Acute pancreatitis
classification ~ working  group.  Classification of acute
pancreatitis-2012: revision of the Atlanta classification and
definitions by international consensus. Gut 2013;62:102-111.

2. Kozerak RA. Endoscopic drainage of pancreatic pseudocysts.
] Hepatobiliary Pancreat Surg 1997;4:36-43.

10.

11.

12.

13.

14.

15.

16.

17.

18.

EUS-guided placement of AXIOS stent for PFCs 5

Baron TH, Harewood GC, Morgan DE, et al. Outcome differences
after endoscopic drainage of pancreatic necrosis, acute pancreatic
pseudocysts, and chronic pancreatic pseudocysts. Gastrointest
Endosc 2002;56:7-17.

Hookey LC, Debroux S, Delhaye M, et al. Endoscopic drainage
of pancreatic-fluid collections in 116 patients: a comparison of
etiologies, drainage techniques, and outcomes. Gastrointest Endosc
2006;63:635-643.

Varadarajulu S, Phadnis MA, Christein JD, et al. Multiple
trans-luminal gateway technique for EUS-guided drainage of
symptomatic walled-off pancreatic necrosis. Gastrointest Endosc
2011;74:74-80.

Walter D, Vleggaar F, and Siersema P. Self-expandable metal
stents for endoscopic ultrasound drainage of peripancreatic fluid
collections. Gastrointest Interv 2013;2:24-29.

Weilert F, Binmoeller KF, Shah JN, et al. Endoscopic ultrasound-
guided drainage of pancreatic fluid collections with indeterminate
adherence using temporary covered metal stents. Endoscopy
2012;44:780-783.

Yamamoto N, Isayama H, Kawakami H, et al. Preliminary report
on a new, fully covered, metal stent designed for the treatment of
pancreatic fluid collections. Gastrointest Endosc 2013;77:809-814.
Itoi T, Binmoeller KF, Shah ], et al. Clinical evaluation of a
novel lumen-apposing metal stent for endosonography-guided
pancreatic pseudocyst and gallbladder drainage (with videos).
Gastrointest Endosc 2012;75:870-876.

Anderloni A, Orellana E Jovani M, et al. Endoscopic ultrasound-
guided drainage of a pancreatic pseudocyst with a novel lumen-
apposing metal stent on an electrocautery-enhanced delivery
system. Dig Liver Dis 2015;47:e17.

Gornals JB, Loras C, Mast R, Botargues JM, Busquets ], Castellote
J. Endoscopic ultrasound-guided transesophageal drainage of a
mediastinal pancreatic pseudocyst using a novel lumen-apposing
metal stent. Endoscopy 2012;44:211-212.

Walter D, Will U, Sanchez-Yague A, et al. A novel lumen-apposing
metal stent for endoscopic ultrasound-guided drainage of
pancreatic fluid collections: a prospective cohort study. Endoscopy
2015;47:63-67.

Rinninella E, Kunda R, Dollhopf M, et al. EUS-guided drainage
of pancreatic fluid collections using a novel lumen-apposing
metal stent on an electrocautery-enhanced delivery system: a large
retrospective study (with video). Gastrointest Endosc 2015 [Epub
ahead of print].

Fabbri C, Luigiano C, Marsico M, Cennamo V. A rare adverse event
resulting from the use of a lumen-apposing metal stent for drainage
of a pancreatic fluid collection: “the buried stent”. Gastrointest
Endosc 2015;83:585-587.

Shah RJ, Shah JN, Waxman I, et al. Safety and efficacy of endoscopic
ultrasound-guided drainage of pancreatic fluid collections
with lumen-apposing covered self-expanding metal stents. Clin
Gastroenterol Hepatol 2015;13:747-752.

Gornals JB, De la Serna-Higuera C, Sanchez-Yague A, Loras C,
Sanchez-Cantos AM, Pérez-Miranda M. Endosonography-guided
drainage of pancreatic fluid collections with a novel lumen-
apposing stent. Surg Endosc 2013;27:1428-1434.

Boumitri C, Parra V, Kedia P, Sharaiha RZ, Kahaleh M. Pancreatic
necrosectomy by using a lumen-apposing metal stent. Gastrointest
Endosc 2015;81:230-231.

Gornals JB, Parra C, Peldez N, Secanella L, Ornaque I. Double
endosonography-guided transgastric and transduodenal drainage
of infected pancreatic-fluid collections using metallic stents. Rev
Esp Enferm Dig 2013;105:163-165.

. Parra V, Kedia P, Zerbo S, Sharaiha RZ, Kahaleh M. Drainage of

infected pancreatic necrosis by using 2 lumen-apposing metal
stents, a nasocystic drain, and hydrogen peroxide. Gastrointest

Annals of Gastroenterology 29



6 R. Patil et al

Endosc 2015;81:1261. 21. Singhal S, Rotman SR, Gaidhane M, Kahaleh M. Pancreatic fluid
20. Siddiqui AA, Adler DG, Nieto J, et al. EUS-guided drainage collection drainage by endoscopic ultrasound: an update. Clin

of peripancreatic fluid collections and necrosis using a novel Endosc 2013;46:506-514.

lumen-apposing stent: a large retrospective multicenter U.S. 22. Lopes CV, Pesenti C, Bories E, Caillol F, Giovannini M. Endoscopic-

experience (with videos). Gastrointest Endosc 2015, doi: 10.1016/j. ultrasound- guided endoscopic transmural drainage of pancreatic

€ie.2015.10.020 [Epub ahead of print]. pseudocysts and abscesses. Scand ] Gastroenterol 2007;42:524-529.

Annals of Gastroenterology 29



