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Abstract

We report our second case of fracture of a SMART self-expandable metallic stent (Cordis
Endovascular, Warren, NJ) placed to treat biliary obstruction due to an unresectable common
bile duct carcinoma. An 82-year-old man presented with jaundice. Computed tomography and
ultrasonography on admission demonstrated a mass in the lower common bile duct. The mass
was identified as a common bile duct obstruction. A SMART stent was inserted. Ten months
after stent insertion, two additional SMART stents were inserted to relieve obstructive
jaundice due to occlusion of the first stent. Fourteen months after insertion of the first stent,
endoscopic examination revealed stenosis of the duodenum due to invasion of the common bile
duct carcinoma, prompting us to perform a gastrojejunostomy 1 month later. Three months
after gastrojejunostomy, the patient presented with obstructive jaundice and cholangitis. A
fracture of one of the stents was then discovered on plain X-ray films and percutaneous
transhepatic cholangiography. Two SMART stents were inserted simultaneously. In
conclusion, we report the fracture of a SMART stent placed for common bile duct carcinoma.
Fracture should be considered as a possible complication after metallic stent insertion.
(J Nippon Med Sch 2006; 73: 164�168)

Key words: expandable metallic stent, common bile duct carcinoma, obstructive jaundice,
fracture

Introduction

The incidence of biliary obstruction by pancreatic
cancer is increasing, and more patients are
undergoing resection as both operative techniques
and diagnostic imaging improve. Inoperable cases
still have a poor prognosis, due, in part, to the

frequent presence of obstructive jaundice. However,
stenting has been demonstrated to improve patients�
quality of life1.
Several features of expandable metallic stents

make them more suitable for this indication than
plastic stents. In addition to having a larger
diameter, they can be introduced in smaller delivery
catheters and remain in position after release2�6.
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Fig. 1 Plain X-ray film showing the stent fracture 

(arrow).

Fig. 2 Cholangiography demonstrating the stent 

fracture (arrow) at the papilla of Vater and 

obstruction due to tumor ingrowth.

Fig. 3 Two  10×80-mm  SMART  stents  were 

inserted  simultaneously  by  one-step 

insertion, and the drainage catheters were 

left in place.

Many patients with obstructive jaundice have
undergone this procedure with expandable metallic
stents.
We have previously reported a �one-step

insertion� technique for inserting an expandable
metallic stent during percutaneous transhepatic
cholangiography . One-step insertion of an
expandable metallic stent for biliary obstruction is a
useful way to shorten hospitalization7.
Reported complications of metallic stent

placement for malignant bile duct obstruction
include tumor ingrowth or overgrowth4,8, viscus
perforation9,10, and stent migration11. Our group was
the first to describe the fracture of a SMART stent
(Cordis Endovascular, Warren, NJ), which had been
inserted because of biliary obstruction12.
The present report describes the fracture of

another SMART stent, which had been inserted
because of an unresectable common bile duct
carcinoma. Upon discovering the fracture, we
inserted additional SMART stents with our one-step
insertion technique.

Case Report

An 82-year-old man presented with jaundice in

May 2003. Computed tomography and
ultrasonography on admission demonstrated dilation
of intrahepatic bile ducts and a mass in the lower
common bile duct. Endoscopic cholangiography
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demonstrated an obstruction of the common bile
duct, and an external biliary drainage catheter was
left in place. The patient refused tumor resection
but underwent placement of a SMART stent
measuring 10 mm (diameter) � 80 mm (length) as
soon as the cholestasis had resolved.
In March 2004, 10 months after stent insertion, the

patient again presented with jaundice. Computed
tomography and ultrasonography revealed dilation
of the intrahepatic bile ducts . Endoscopic
cholangiography demonstrated an obstruction of the
stent, and a second external biliary drainage
catheter was left in place. As soon as the cholestasis
had resolved, two more SMART stents were
inserted, one measuring 10 mm (diameter) � 80 mm
(length) and the other measuring 10 mm(diameter) �
60 mm (length). In July 2004 the patient presented
with loss of appetite and vomiting. Endoscopic
examination revealed stenosis of the duodenum due
to invasion of the common bile duct carcinoma.
Gastrojejunostomy was performed in August 2004.
In November 2004 the patient presented with

jaundice and pyrexia. Computed tomography and
ultrasonography revealed dilation of intrahepatic bile
ducts, and a fracture of one of the stents was
discovered on plain X-ray films (Fig . 1 ) .
Percutaneous transhepatic cholangiography
demonstrated fracture of the stent at the papilla of
Vater and obstruction due to tumor ingrowth (Fig.
2). During the procedure we placed two SMART
stents measuring 10 mm (diameter) � 80 mm
(length) with our one-step insertion technique2. The
drainage catheters were left in place after surgery
(Fig. 3) and were removed after stent patency was
confirmed 3 days later.

Discussion

Long-term survival is poor in patients with
malignant biliary obstruction when they cannot
undergo surgical resection. The objectives of
palliation with a biliary stent are to relieve
symptoms related to obstructive jaundice, to
prevent cholangitis, and possibly to prolong survival.
Biliary insertion of a metallic stent is now the
preferred treatment for jaundice caused by

inoperable malignant bile duct tumors with
obstruction.
Success rates up to 100% have been reported for

stent insertion13�15. However, clinical results with
metallic stents have varied. Serious complications,
particularly hemobilia, have occurred in 2.3% to
20.8% of patients in previous series13,16,17. In much
rarer cases, stent placement has also led to
complications due to malpositioning of the stent,
insufficient luminal diameter, and failure of stent
release13. Most complications are related to the
percutaneous transhepatic approach and not to stent
implantation itself17. Early occlusion rates of 7% to
42% and late occlusion rates of 12% and 38% have
been reported, with a mean time to stent failure of 6
to 9 months5,6,18�20. Viscus perforation9,10 and stent
migration11 have also been reported after metallic
stent placement for malignant bile duct obstruction.
Finally, Peck et al.21 have reported 4 fractures of
modern metallic stents inserted in the biliary tree in
a series of 66 patients (6.1%). These stent fractures
were presumably related to metal fatigue due to
repeated bending.
Ell et al.22 have reported the fracture of a stent

(Wallstent; Medinvent SA, Lausanne, Switzerland)
after electrocoagulation was used to remove
obstructing tumor tissue in a case of inoperable
cholangiocarcinoma. They later performed in vitro
studies to assess the potential risk of stent fracture
with electrocoagulation. Even with their monopolar
electrocoagulation probe set at the low intensities
usually used for hemostasis, the metal filaments of
the stent started to melt after only 3 to 10 seconds.
Our earlier paper on the fracture of a SMART stent
used for an unresectable pancreatic carcinoma12 was,
to our knowledge, the first published account of a
SMART stent fracture.
There have been reports of fractures of stents

placed in the bronchus23,24, esophagus25�28, stomach26,29,
duodenum29,30, and large intestine31. The reports of
fractures of bronchial stents (Gianturco stent, Cook
Europe , Bjaerverskov , Denmark 24 ; Z stent ,
Myungsung Medical, Seoul, Korea)23 suggest that
they may have resulted from repeated and
prolonged shearing forces placed on the stents by
coughing or forced respiratory movements. Odurny31
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has reported fractures of colonic stents (Memotherm
stent, Bard, Angiomed, Karlsruhe, Germany) 3 to 7
months after insertion. Anatomic factors unique to
anastomotic colonic strictures produce constant
compression ; hence , the duration of stent
implantation may be a major factor leading to
fracture31. Another report describes the fracture of
an esophageal nitinol stent (Ultraflex, Microvasive,
Boston Scientific Corporation, Watertown, MA, USA)
after laser treatment for tumor ingrowth25.
Stent fractures have also resulted from treatments

for tumor ingrowth such as balloon expansion27 and
laser therapy25. Fractures in cases without such
treatments may result from metal fatigue28 or the
tearing of the polyurethane stent cover29. Because
our patient received no other treatment, we
presume that the fracture was related to metal
fatigue from repeated bending in the duodenum.
The SMART stent is composed of nitinol, a nickel-

titanium alloy. The unique micromesh geometric
design of this laser-cut stent confers superior radial
force , excellent flexibility , and minimal
foreshortening. This report is the second to describe
the fracture of a SMART self-expandable stent.
The fracture was mostly likely caused by ongoing

stress at the site of maximum leverage. To explain
their experiences with fractured Memotherm stents,
Peck et al.21 have speculated that Memotherm stents
might be stiffer than other bile duct stents and,
therefore, fracture more easily by bending. The
stent in our patient shifted to the left and anteriorly
due to tumor growth and prolonged mechanical
stress.
Duda et al.32 compared the Memotherm stent, the

SMART stent, and the Wallstent expandable
metallic stents by direct testing. Radial force, a
property which imparts resistance against
modification by external force, was 0.39 N�cm in the
Wallstent, 1.27 N�cm in the Memotherm stent, and
1.65 N�cm in the SMART stent in their experiments.
This high resistance force is presumably related to
hardness and may lead to weakness during bending.
We inserted two SMART stents again with the one-
step insertion technique2 into the fractured stent,
and the cholestasis resolved immediately.
Additional experiments in a biliary system will be

required, however, as the experiments by Duda et
al.32 only evaluated the radial force of the expandable
metallic stents imposed by the arterial constriction.
Subsequent case studies will also be needed to
determine whether the design, manufacture, and use
of nitinol are at fault in these types of fractures.
In conclusion, we have reported the fracture of a

SMART self-expandable metallic stent inserted in a
patient with common bile duct carcinoma. This is
our second report on the fracture of a SMART
stent. Fractures should be considered as a possible
complication after metallic stents are inserted.
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