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Biliary fully covered self-expanding metal stents (FC-
SEMS) are now being used to treat several benign
biliary conditions. Advantages include small predeploy-
ment and large postexpansion diameters in addition INTRODUCTION
to an easy insertion technique. Lack of imbedding of
the metal into the bile duct wall enables removability.
In benign biliary strictures that usually require multiple
procedures, despite the substantially higher cost of
FCSEMS compared with plastic stents, the use of FC-
SEMS is offset by the reduced number of endoscopic
retrograde cholangiopancreatography interventions re-
quired to achieve stricture resolution. In the same way,
FCSEMS have also been employed to treat complex - - - )
bile leaks, perforation and bleeding after endoscopic are the main techniques used to solve biliary obstruction.

Biliary self-expanding metal stents (SEMS) have the ad-
vantage of being inserted undeployed with very small
sizes and provide, when fully opened, large diameters for
biliary drainage. However, their use in benign conditions
has been very limited, mainly because of difficulty in
their extraction.

Stent insertion and sphincterotomy by means of en-
doscopic retrograde cholangiopancreatography (ERCP)

biliary sphincterotomy and as an aid to maintain per- In 1982, the increase in diameter of the duodenoscope
manent drainage tracts obtained by means of Endo- ~ Working channel, aﬂo“[ql@d the use of large bore (10 F or
scopic Ultrasound-guided biliary drainage. Good suc- 3.3 mm) plastic stents . Plastic stents are routinely used

cess rates have been achieved in all these conditions ~ in benign biliary conditions to treat strictures of vari-
with an acceptable number of complications. FCSEMS ous etiologies”, leaks", bile duct perforations' and in
were successfully removed in all patients. Comparative a temporary or permanent way for the management of
studies of FCSEMS and plastic stents are needed to common bile duct stones that have not been completely

demonstrate efficacy and cost-effectiveness extracted after ERCP™", For years, improvements in
technology have enabled the use of different materials to
© 2012 Baishideng. All rights reserved. construct the so-called SEMS. It is well known that these
stents are inserted undeployed with a diameter much
Key words: Benign biliary strictures; Endoscopic retro- smaller than they can reach after they atre fully opened.
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As a consequence, a size well suited for biliary drainage
up to 30 F or 10 mm, can be achieved with a simple in-
sertion technique. However, until recently, most biliary
SEMS were bare, that is, they had no coating material on
the metal. For this reason, they soon embedded in body
tissues and were difficult to remove after insertion!”.

Several SEMS have now been produced where the
metal is coated with different materials. If the entire
stent is covered, they are known as fully covered SEMS
(FCSEMS). In general, this results in the stent not be-
ing trapped in the bile tissue with have the possibility of
being extracted. Initial studies were carried out with par-
tially covered SEMS (PCSEMS). In this model, about 5
mm in the upper and distal part of the stent are uncov-
ered, whilst the rest of the stent is covered. When the
extreme end is placed in the duodenal lumen, it has to be
far enough out of the papilla to ensure the tissue does
not grow through the uncovered mesh making extrac-
tion difficult”. Tt appears that, in general, the extraction
of biliary PCSEMS are more technically demanding than
removal of FCSEMS". For this reason, in a recent study
on post liver transplantation biliary strictures, a partially
covered biliary Wallstent was left in place for only two
months to allow easy extraction. In spite of short place-
ment time, the authors concluded that removal was
sometimes challenging!"”.

Biliary FCSEMS have been more recently marketed
than PCSEMS, therefore, there are fewer published re-
ports. It is probable that outcomes in benign conditions
will be similar with FCSEMS to those reported with PC-
SEMS with the advantage of easier removal.

COMMERCIALLY AVAILABLE FCSEMS

Not all FCSEMS are available in all countties. These stents
are intended for TTS insertion (through the working
channel of a therapeutic duodenoscope or endoscope).
There are other types for transhepatic placement (Table 1).

For biliary FCSEMS insertion, a guidewire is previ-
ously placed beyond the location of the biliary problem
(i.e., stricture) in the usual manner. The deployment
mechanism is similar to most SEMS. The outer cover
which maintains the folded stent is pulled back and the
release begins in the distal part. Almost all packed stents
have more length after deployment, this is called fore-
shortening. As the SEMS is opened, a progressive span
reduction occurs and must be corrected continuously to
ensure full opening takes place in the correct position
and not entirely within the bile duct. The majority of
them can be re-folded or re-sheathed completely after
partial deployment of the stent has begun.

To facilitate extraction, the duodenal portion of the
stent has to be placed into the duodenum more promi-
nently than SEMS placed permanently in tumors. Some
models have a distal strip or “lasso” for pulling out the
stent. The Wallflex has a distal washer completely braided
with the filamentary structure in a way that does not break
when pulling it and facilitates its removal (Figures 1 and 2).
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Table 1 Commercially available biliary self-expanding metal

stents

Manufacterer Model Material Deployed
diameters (mm)

and lengths (cm)

Boston Fully covered Wall- Platinol covered 8 or 10 mm

scientific flex with permalume 4, 6, 8 cm

Taewoong S-Type fully covered Nitinol covered 6, 8 or 10 mm

Medical with silicone 4-15cm

M.IL Tech Hanarostent covered, Nitinol covered 10 mm
with lasso or with with silicone 4-10 cm
anchoring flaps

Standard Biliary covered Bon- Nitinol covered 10 mm

SciTech astent with flared with silicone 4-10 cm
ends

Ella-CS Nitinella plus Nitinol covered 8 or 10 mm

with silicone 4-6-8-10 cm
ConMed Gore viabil with or Nitinol covered 8 or 10 mm

without holes and with ePTFE/FEP 4-6-8-10 cm

with fins (gore tex)

Care should be taken when the cystic duct opening is
occluded by the stent, as cholecystitis can developm]. In
the same way, if possible, a medium size sphincterotomy
should be performed to facilitate pancreatic drainage.
Upward migration into the bile duct makes extraction
of the stent more challenging. Some FCSEMS with fins
have been reported to injure the bile duct™ and new
bile duct strictures can develop in the upper part of the
stent. An inferior rate of duodenal migration has been
found with an anchoring flap FCSEMS compared with
a model with flare ends. However, both FCSEMS were
endoscopically retrieved without complications up to six
months after insertion!”. The ease of removal from the
bile duct is one of the most important characteristics of
FCSEMS in benign diseases. For instance, in one study,
the fully covered Wallflex was extracted without diffi-
culty after a mean of 119 d"*.

INDICATIONS OF FCSEMS IN BENIGN
BILIARY DISEASES

Benign biliary strictures
Until now the standard endoscopic treatment of benign
biliary strictures (BBS) is progressive dilation with an
increasing number of plastic stents. Bergman ef /"
achieved a long-term success rate (nine years of follow
up) of 80% in postcholecystectomy BBS. They inserted
two 10 Fr plastic stents during one year with exchange
every three months. In similar patients, Costamagna ef
al'” placed the maximum number of plastic stents (until
four 10 Fr could be placed in the first ERCP) during a
year with exchanges every three months and achieved a
long-term success rate of 97.5% (Table 2).

Analogous protocols have been undertaken in post-
orthotopic liver transplantation BBS either anastomotic
718 "and in chron-

ot in biliary sphincterotomy-associated
[20]

or non-anastomotic with good results
ic pancreatitis'"”
distal common bile duct strictures
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Figure 1 Fully covered Wallflex with retrieval loop.

Table 2 Indications for the use of biliary fully covered self-

expanding metal stents

Figure 2 Wallflex retrieval loop grasped for extraction.

Table 3 Some studies on covered self-expanding metal stents
for benign biliary strictures with more than 10 patients

Treatment of benign biliary strictures
- Postcholecystectomy

- Post liver transplantation

- Chronic pancreatitis

- Papillary stenosis

- Bile duct stones and cholangitis

- Parasitic biliary infections

-Other forms of surgical biliary interventions and less frequent medical

diseases such as primary sclerosing cholangitis or autoimmune pancreatitis

Treatment of biliary leaks
Sealing of papillary area perforations and bleeding after ERCP and
biliary sphincterotomy
Extraction of biliary uncovered SEMS
EUS-guided biliary drainage

ERCP: Endoscopic retrograde cholangiopancreatography; SEMS: Self-
expanding metal stent; EUS: Endoscopic ultrasound.

Recently, FCSEMS have become commercially avail-
able and in some countries they have only received ap-
proval for malignant biliary strictures and not to treat
BBS. Furthermore, as they have only been introduced in
recent years there are few studies on their use compared
with several other models of FCSEMS, and an even
fewer number of studies comparing their efficacy with
plastic stents, which still remain the standard for treat-
ment of BBS®!. Some studies on PCSEMS or FCSEMS
in BBS are shown in Table 372,

However, FCSEMS are promising in the treatment
of BBS for several reasons. It is technically difficult to
place several stents during the initial endoscopic proce-
dure due to the diameter of the stricture and the size of
the bile duct below the stricture, whilst a single FCSEMS
expands to a large diameter, equivalent to three 10 Fr
stents and can remain in place for a prolonged period
of time before removal. Plastic stents have a limited pa-
tency that requires frequent stent exchanges to prevent
or manage stent occlusion. Although time to clinical
occlusion appears to be prolonged when multiple stents
are placed for BBS as compared to placement of a single
stent™, there remains a need for repeat procedures to
replace stents until the endpoint of 1 year is reached. In
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Author No. of Type of BBS etiology Mean time to Clinical
patients stent removal (mo) success (%)
Cantu™ 14 PCSEMS CP 21 37.50
Kahaleh™ 79  PCSEMS CP/OLI/BS/ 4 90
IM/PS
Mahajan®" 44  FCSEMS CP/OLT/BS/ 33 83
M/PS
Traina™ 16  FCSEMS OLT/LRLT 2 81
Park™ 43  FCSEMS CP/OLT/BS/PS 6 84
Garcia-Cand®™ 14 FCSEMS IM/BS 55 78.50
Chaput™” 22 PCSEMS OLT 2 52.60
GarciaPares” 22 FCSEMS OLT 3.2 95.50
Behm™™ 22 PCSEMS CP 5 72.70

PCSEMS: Partially covered self-expanding metal stents; FCSEMS: Fully
covered self-expanding metal stents; CP: Chronic pancreatitis; OLT: Or-
thotopic liver transplantation; BS: Biliary stone disease; IM: Inflammatory;
PS: Post-surgery; LRLT: Living-related liver transplantation; BBS: Benign
boliary strictures.

addition, the small diameter delivery system of FCSEMS
(8.5 Fr) allows placement without stricture dilation™ en-
abling an easier endoscopic procedure.

An example is shown in Figures 3 and 4. A papillary
stenosis was successfully dilated with a single insertion
of a FCSEMS during several months. In this way, despite
the substantially higher cost of FCSEMS compared with
plastic stents, this is offset by the number of procedures
required to achieve stricture resolution.

Biliary leaks

Bile leaks typically occur following traumatic injury or
surgical intervention, such as cholecystectomy, partial
hepatic resection, and liver transplantation. A clinically
significant postoperative bile leak occurs in 0.1%-0.5%
of open cholecystectomies, 0.8%-2% of laparoscopic
cholecystectomies, about 12% of cadaveric liver trans-
plantations, and 6%-14% of hepatic resections' . ERCP
has proved useful in treating BL by means of biliary
sphincterotomy, stone extraction when present and
plastic stent for nasobiliary drainage insertion”. These
manoeuvres tend to divert flow away from the leak site.
Stents can also bridge and seal the bile orifice respon-

April 16,2012 | Volume 4 | Issue 4 |



Figure 3 Papillary stenosis.

sible for the leak when it is present in the extrahepatic
bile duct. Most leaks arise from the cystic duct stump,
Luschka biliary branch or anastomosis in the bile duct.
Kahaleh e a/”” described the use of a 10 mm diam-
eter Wallstent PCSEMS for the treatment of bile leaks
tollowing cholecystectomy (# = 15) and cadaveric liver
transplantation (# = 1), in patients in whom conven-
tional ERCP with stent placement had failed or who
had co-morbidities that prevented multiple procedures.
Although PCSEMS were effective in resolving bile leaks,
they were unfortunately prone to migration and were
difficult to remove after being in place for 6 mo, due to
mucosal hyperplasia at the uncovered proximal end. In
another study from Kahaleh’s groupm] concerning 13
patients with complex bile leaks, Viabil fully covered 10
mm diameter SEMS were placed. Complex leaks were
defined as those that failed to close after endoscopic
intervention with biliary sphincterotomy or plastic stent
placement, bile leaks occurring after orthotopic liver
transplantation (with or without surgical biliary stent
placement), and complicated cholecystectomy with large
bile leak. Successful resolution was achieved in all 13
patients. FCSEMS were removed in 11 at a mean of 156
d (range, 67-493 d). The other two patients died of un-
related causes before stent removal was attempted. No
complications occurred following FCSEMS placement
ot removal. In five of the seven patients who underwent
cholangioscopy at the time of stent removal, ulceration
was seen where the anchoring fins were in contact with
the bile duct. Easy removal and no biliary damage have
been reported in a variety of biliary conditions (including
an intrahepatic BL) treated with the Wallflex FCSEMS".

Sealing of Papillary area perforations and bleeding after
ERCP and biliary sphincterotomy

These are two feared complications of ERCP™. In both
instances the FCSEMS has a mechanical compressive role.
The covering allows the perforation to seal and to prevent
fluid from leaking into the retroperitoneal space™. In
haemorrhage the FCSEMS works by tamponading the
bleeding site®. In both conditions, the stents are re-
moved after several weeks.
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Figure 4 Papillary orifice dilated after insertion of a fully covered self-
expanding metal stent for several months.

Extraction of biliary uncovered SEMS

FCSEMS can be used to induce pressure necrosis in the
granulation tissue of uncovered SEMS when they require
to be extracted and are embedded in the bile duct. For
instance, if non-covered SEMS were inserted into benign
strictures at a diagnostic stage which seemed neoplas-
tic. This concept of “inducing pressure necrosis” with
a FCSEMS on another uncovered SEMS was originally
used to extract ultraflex SEMS from the esophagus[37j.
Pérez-Miranda e a/™ first applied this method for the
extraction of uncovered SEMS from the bile duct. This
technique spread, and for example, an uncovered stent
placed 1 year previously for a distal bile duct stricture
from chronic pancreatitis, mistaken for pancreatic cancet,
could be extracted after two FCSEMS were placed, the
first for four months and the second for four weeks™.
It is important that the FCSEMS diameter must be equal
or superior to the non-covered SEMS to be extracted,
otherwise, contact between them is not appropriate and
pressure necrosis is not generated””.

EUS-guided biliary drainage

Endoscopic ultrasound allows transmural access to the
bile duct (intra or extrahepatic) and subsequent contrast
injection to provide ductal drainage under fluoroscopy
using ERCP-based techniquesm]. This technique is known
as endoscopic ultrasound cholangiopancreatography
(EUSCP). As shown in Figure 5, the intrahepatic bil-
iary tree is reached by means of a fine needle aspiration
(FNA) device. The puncture in this case is made in the
upper part of the stomach. Contrast medium is injected.
Afterwards, several manoeuvres allow tract dilation and
fistula formation between the stomach and the bile duct.
A permanent drainage conduit can be maintained with
a FCSEMS™™. The puncture can also be made in the
duodenal bulb or gastric antrum into the choledochus™
or even in the gaﬂbladdermj. EUSCP has become an es-
tablished salvage procedure after failed ERCP in the pal-
liation of malignant biliary obstruction and facilitates bile
duct drainage in benign conditions***".
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Figure 5 Endoscopic ultrasound-guided puncture from the stomach of the intrahepatic biliary tree and passing of a guidewire.

CONCLUSION

Technical developments have made FCSEMS possible
and they are now widely available worldwide. In the ma-
jority of cases their removability is as easy as for plastic
stents, although metallic materials, even covered, are al-
ways more prone to the formation of tissue hyperplasia
than plastic material. For these reasons, six months is a
reasonable time span to maintain, if necessary, FCSEMS
in place before extraction. FCSEMS have recently been
used for a variety of benign biliary disorders, although
mostly for BBS. Potential advantages of FCSEMS over
plastic stents are a reduction in the number of proce-
dures and their complexity. Disadvantages include cost
and potential complications. Randomized trials of plastic
and FCSEMS are needed before these can be adopted in
clinical practice for the treatment of benign biliary dis-
orders. At present, it is necessary to individualize specific
cases of benign biliary diseases necessitating stent drain-

age for the use of FCSEMS.
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