Int J Gastrointest Interv 2019;8:10–19

International Journal of Gastrointestinal Intervention
journal homepage: www.ijgii.org

Review Article

Complex percutaneous biliary procedures: Review and contributions
of a high volume team
Eduardo Houghton*

A B S T R A C T

A comprehensive literature review was performed to evaluate the state of art and level of evidence of complex percutaneous biliary procedures and
their safeness and effectiveness. Amidst those procedures, the review focused on techniques to achieve non-dilated biliary drainage, multiple selfexpandable metallic stents, multiple plastic stents for the treatment of benign biliary strictures, simultaneous biliary and duodenal stent placement,
rendezvous maneuvers, and use of magnets to treat biliary stenosis or even create new anastomosis with the jejunum or duodenum. A description of
each technique and revision of literature provides useful tools for clinical practice decisions.
Copyright © 2019, Society of Gastrointestinal Intervention.
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Introduction
Opacification of the biliary system was first reported in 1921
with direct puncture of the gallbladder. In 1953, Seldinger1 described his technique that would be later the basis of almost any
percutaneous procedure and vastly used in the percutaneous biliary drainage (PBD).
Decades later, the introduction of the thin flexible 22-gauge
needle (Chiba needle) by Okuda in 1974 allowed performing the
percutaneous cholangiography.2 The next step in its evolution
was the percutaneous transhepatic biliary drainage with catheter
placement.
In the beginning, it was an external one leading to a gross
loss of bile and electrolytes imbalance. Afterwards, Hoevels et al3
and Nakayama et al4 used a guidewire to negotiate across the bile
duct stricture and place an internal-external catheter allowing the
bile flow into the duodenum.
It was also in 1974 that Smith and Bartrum5 described the
percutaneous aspiration of abscesses. Then, in 1977, Gronvall et
al6 performed the first percutaneous fluid drainage guided with
the US. Later, the basis of those techniques combined spread its
use to the PBD,7 and a new era of more complex biliary drainage
had begun.
The PBD is a safe procedure indicated in many situations.

Regarding malignant diseases, PBD can offer temporary preoperative decompression in some selected cases such as hilar obstructions, portal vein embolization, cholangitis, renal failure, severe
jaundice,8 as well as definitive jaundice treatment by stent placement in non-resectable patients. Concerning benign diseases, PBD
allows the treatment of bile duct stones, biliary stenosis, fistulas,
and biliary leakage amid others. Its relative contraindications are
few such as massive ascites, multiple intrahepatic obstructions
and bleeding diathesis.9
It is essential to perform a detailed clinical history, a computed tomography (CT) scan or magnetic resonance imaging before
the PBD. The information obtained permits the operator to define
the bile duct anatomy, asses the presence of parenchymal atrophy
and portal vein patency.10 Also, it is useful to assess the odds to
achieve the PBD successfully and to properly inform the patients
about it.

Literature Review Methodology
A comprehensive computer-aided literature search for complex percutaneous biliary procedures was performed from no
initial date to September 2018 by using MEDLINE and EMBASE.
The following medical subject heading terms were used in the
searches: biliary tract surgical procedures, hepaticojejunostomy
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stricture, bile duct injury, percutaneous transhepatic biliary drainage, dilatation, stent, plastic stent, self-expandable metallic stent,
malignant hilar biliary obstruction, revision, magnet, magnet
compression anastomosis, choledochocholedochostomy, choledochoenterostomy, choledochoduodenostomy, bilio-biliary anastomosis, biliary-enteric anastomosis.
All human case reports or studies fully published in English
were included; abstracts only were excluded.

Techniques in Complex Biliary Drainage
Common steps and malignant diseases
The first step of the PBD is to perform a cholangiography
with a Chiba needle guided with the US from the right or left side
depending on the case. The correct evaluation of this first cholan-

Fig. 1. First assessment of the biliary tree. An anterior right sector joint with
the left branches mimicking the hilar confluence that could lead to an incomplete biliary drainage.

Fig. 2. Access to the missing posterior right sector that allows now a complete
biliary drainage.
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giography is critical because otherwise can mislead an inadequate
treatment as we can see in Fig. 1 and 2. In this case, an entire
separated posterior right sector and an anterior right sector joint
with the left branches mimicking the hilar confluence could lead
the operator to believe achieving full drainage when is missing an
entire sector.
A dilated biliary tree usually is accessible to opacify under the
US or even under only x-ray in the right side but when bile ducts
are not dilated, it could be a complicated procedure. In those cases, there are several possible ways to achieve the biliary duct. One
is under the US, lead the Chiba needle close to the visible portal
branches and then try to contrast the bile duct there (Fig. 3).11
Stepping up, the common bile duct accessed by a direct puncture
under ultrasound is a safe procedure that allows injecting contrast
in the biliary tree and perform the first cholangiography. After
that, it is more accessible to puncture the outer branches (Fig. 4).
Harris et al12 described a similar procedure using a retrograde passage of a 5-Fr catheter from a previous, remote percutaneous access site. Another option is to play only under x-ray a portogram
and then withdraw a little bit the needle to opacify the biliary
tree.11 The gallbladder puncture and then injecting contrast in it
to achieve an indirect cholangiography is a safe option.13–18 Kühn
et al13 also described a CT guided puncture of the bile duct that
safely allowed to acquire a cholangiography that enhanced the
non-dilated biliary tree. Their technical success rate was 90% in
patients with dilated bile ducts versus 81% in patients with nondilated ducts, with no significant difference (P = 0.36). They found
no complications rates difference between the dilated and nondilated groups. On the other hand, Weber et al19 reported a 6.94%
rate of procedure-related complications in patients with dilated
versus 14.5% in non-dilated ones. The difference was statistically
significant (P = 0.022). In a large study with 1,304 PBD included,
the only independent risk factor for arterial related injuries was
the non-dilated biliary status.20
At last, the most extensive but retrospective study with 3,110
procedures included found non-significant difference between the
enlarged and non-enlarged biliary tree regarding arterial bleeding
complications.21 The last two studies have two limitations. They
are retrospective studies and both only assessed the arterial bleeding complications leaving outside the equation the rest of the
possible bleeding ones. In summary, no prospective studies back

Fig. 3. Thin biliary duct punctured by retrieving the Chiba needle.
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sufficient strong level of evidence and recommendation grade
concerning this topic.
In some cases of patients with hepaticojejunostomy, an indirect cholangiography is viable by puncturing the Roux loop.22
Also, it is possible to treat the biliary stricture and even the lithiasis through this loop. The procedure consists of accessing the
Roux loop bowel percutaneously under the US plus x-ray guidance. Surgical clips or prior CT images provide the information
for the right site to access. Most of the authors use a 22-gauge
Chiba needle to access the loop, then use an introduction set and
through it, they negotiate the bowel with a 4-Fr catheter and a
hydrophilic guidewire to access to the biliary tree and then dilate
the stenosis with a balloon or remove the lithiasis with dormia
baskets if indicated.23–31
Several authors conclude that the PBD is a safe procedure
even in a non-dilated biliary tree.16-18,22,32,33 Although it is safe, accordingly to the current guidelines available, there is a difference
in the success rates expected for both percutaneous transhepatic

Fig. 4. Direct puncture of the common bile duct.

Fig. 5. A guidewire advanced to the distal common bile duct and a second one
passes towards the contralateral branch.

cholangiography and percutaneous transhepatic biliary drainage concerning the presence or absence of dilation in the biliary
tree.9–34 In non-dilated biliary ducts, the success rate expected is
95% in dilated ducts against 65% in non-dilated. The cannulation
success rates should be over 95% in dilated ducts against 70% in
non-dilated ones.
Once the biliary tree is accessed, the next step is to negotiate
the stenosis and leave a catheter. It is commonly effortless when
the stenosis is unique and distal, but not when it is dissociating
the right and left main branches or even the right sectors from
each other. In those cases, placing multiple catheters can solve
the problem with the disadvantage of needing more entry points.
Therefore more punctures and consequently more bleeding risk as
we could establish in a prospective study of 150 cases of PBDs;
number of punctures (threshold set in > 5): the odds ratio (OR)
was 2.8495 (95% confidence interval [CI], 1.0771–7.5389) and
number of drains (threshold set in > 2): OR was 4.1282 (95% CI,
1.4234–11.9730) (Houghton EJ et al; unpublished data). Therefore,
Shlansky-Goldberg et al35 described a technique that solves the
equation without increasing the risk called articulated catheters.
Negotiated the stenosis, a guidewire is advanced to the distal
common bile duct and a second guidewire passes towards the
contralateral branch (Fig. 5).
Meanwhile, on the table, we cut a multipurpose catheter and
attach a thread to the distal part of it that will be used to withdraw it in the future (Fig. 6). Over the side to side guidewire, the
cut-multipurpose catheter is advanced using the proximal part as
a pusher. After that, the guidewire that goes distally allows placing a biliary catheter (Fig. 7).
Once the cholangitis passes or jaundice decreases, the next
step is to remove the catheters, first the biliary and then the cutmultipurpose by pulling from the thread. After done this, two
biliary stents in a “T” shape configuration is an excellent option
to achieve long-term and more comfortable patency of the biliary
tree (Fig. 8).
In cases where the two right sectors are divided, a complicated
but feasible procedure is useful to set in place several stents. For
this procedure, called stents in “Lily” shape because of its remembrance of flowers in a cup, it is necessary to have access to the
left lobe, the anterior and posterior sector separately. Then, three
guidewires negotiate the stenosis and pass to the duodenum. One
of them will carry a 120 mm biliary stent that will go trans-papillary. A 10 mm balloon dilates it. Afterwards, the three guidewires
go inside the previous 120 mm stent allowing the entrance of
three 8 mm biliary stents (Fig. 9).36
There is controversy as to what volume of the liver is better
to drain in malignant obstruction. Although some authors concluded that partial liver drainage has the same quality of life as
the complete liver drainage and same survival rates,37–39 they also
proved that those patients with persistent jaundice (bilirubin levels
above 4 mg/dL) have worst quality of life assessment, even fewer
patency rates and poorer survival rates and fewer odds to complete palliative chemotherapies. Besides, the value of these results

Fig. 6. Preparation of articulated catheters.

Eduardo Houghton / Complex percutaneous biliary procedures

13

Fig. 7. Articulated percutaneous biliary drainage.

Fig. 9. “Lily” shape biliary stents.

Fig. 8. “T” shape biliary stents.

could not be strong enough as they could not achieve meaningful
statistical comparison in patients with lesion types Bismuth II to
IV treated with unilateral versus bilateral stenting because of the
small number of patients.
The study conducted by Brountzos et al39 concluded that the
patency rates did not differ between the hilar and non-hilar tumors (P = 0.565) and did not depend on the level of obstruction
on the Bismuth classification (P = 0.462).
On the other hand, a fascinating study performed by Inal et
al40 evaluated several variables amid one stent placement, two
stents in a “T” shape and a “Y” shape. They concluded that there
was no statistically significant difference among stent configurations in Bismuth type II, III, and IV obstructions. The patency rate
was not statistically significant in Bismuth type II and III obstructions, but was significantly higher in the “Y” configuration in
Bismuth type IV obstructions. Other authors also found similar results in patients with type IV bismuth strictures: complete biliary
drainage has superior patency rates, better clinical outcomes, and
survival rates.41 Regarding this topic, more prospective and com-

parative studies to achieve strong recommendation levels seems
to be necessary.
Sometimes, the tumor compromises not only the biliary duct
but also the duodenum. For those patients, a duodenal stent
placed per-orally,42–50 through a percutaneous gastrostomy51 or
through the biliary access at the same time as the biliary stent
placement is a good option.52–54 Regarding the biliary access, there
are two possible situations: the duodenal stenosis is distal to the
papilla or proximal. In the first one, it is effortless to pass two
guidewires. Over one of them will go the biliary stent and over
the second one the duodenal stent (Fig. 10). However, when the
duodenal obstruction is proximal to the papilla, it is more difficult
to achieve the stent implantation. For this scenario, it is necessary
to pass a guidewire from the biliary tree to the distal part of the
duodenum and a second guidewire reversely to the pre-stenotic
part of the duodenum or stomach depending on how proximal
the stenosis goes. Then, the delivery of the duodenal stent (or
colonic if the duodenal stent has not proximal and distal cups)
advances over the guidewire and the delivery system of the biliary stent over the distal guidewire. Once both delivery systems
achieve their final position, both deployments take place. Placing
both delivery systems after opening any of any of them, allows
the biliary stent to stay outside the bowel transit (Fig. 11).
In a recent retrospective study published by Bulut et al,51 they
have treated 53 patients using uncovered self-expandable metallic
stents of 20 to 25 mm in diameter and 6 to 12 cm in length for
gastric outlet obstructions by the transoral approach in 46 patients (86.7%), trans-gastric approach in six patients (11.3%), and
transhepatic approach in one patient (1.8%). Of those 53 patients,
21 have both biliary a duodenal stents: in seven patients it was
simultaneously, and in fourteen it was one after the other. Their
success rate with those patients was 100%.
Concerning the transoral approach, the technique consists
of passing a hydrophilic guidewire through the patient’s mouth,
and manipulate it with a 5-Fr catheter to negotiate the stenosis. It
is useful to change the hydrophilic wire for a stiffer one like the
Amplatz (Boston Scientific) 260 cm wire to avoid having a big
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Fig. 10. Transhepatic duodenal stent placement.
(A) Simple x-ray where biliary drainage is observed as well as dilated stomach due to duodenal
obstruction. (B) Yellow circle shows the duodenal
obstruction. (C) Duodenal stent delivery placement. (D) Yellow circle shows the duodenal stent
completely delivered.

no extra difficulty in setting biliary stents in those cases but when
the efferent loop bowel is compromised things could become
more challenging.51 For these situations, a guidewire should advance and negotiate first the hepaticojejunostomy stricture. Then,
with a larger catheter do the same with the efferent loop stricture.
Now the delivery system of a duodenal stent goes forward and
take place over the stenosis. Once deployed, the delivery of the
biliary stent can get inside the previous expanded duodenal stent
and therefore reaches its final position. If the efferent loop stricture is far away from the hepaticojejunostomy, it is not necessary
to place the biliary stent inside the duodenal one.
Most of the articles yielded the consensus that simultaneous
biliary and duodenal stenting is a safe and effective procedure.51–54

Benign Diseases

Fig. 11. Both biliary and duodenal stents.

loop in the stomach cavity. Sometimes to prevent this to happen,
a sizeable vascular sheath gives stiffness and allows the delivery
stent system to advance across the stricture without any problems.
Concerning the trans-gastric approach, the technique is quite
similar, but the only difference is that the entry point of the delivery system of the duodenal stent is through a percutaneous gastrostomy. This approach is indicated when the transoral approach
has failed before. The placement of both biliary and duodenal
stents should follow the same sequence described above.
Sometimes, patients could have a previous hepaticojejunostomy, and a recidivated tumor can also compromise it. There is

Regarding benign diseases that could need a complicated
biliary procedure, we find the postoperative biliary strictures as
well as the postoperative hepaticojejunostomy strictures. The first
line of treatment is the balloon dilation first described by Molnar
and Stockum55 in 1978, a simple practice with a success rate surrounding 60% depending on the series.56–63 The balloon dilation
procedure is not a very complicated one. Over the previous biliary drainage, the guide wire advances and the withdraw of the
catheter takes places. Afterwards, a 10 mm over the wire balloon
moves forwards across the stricture and dilates it. A new biliary
catheter will allow the bile to flow again.
Usually, if the stricture persists after three dilation sessions, dilation treatment is considered unsuccessful. Therefore, alternative
therapies begin to play an import role.64,65
Amid those other therapies, is the sustain dilation. It is a procedure developed by Costamagna et al66,67 performed endoscopically. It consists of placement of an increasing number of plastic
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stents until complete morphologic disappearance of the stricture
and left there for several months.66–70 This sustain dilation avoids
the constriction generated by the inflammatory response in the
restraint. Authors reported that 80% of their patients were in good
clinical condition, with liver function test and US results within
the normal range after a mean of 13.6 years.66
Additionally, a recent meta-analysis concluded that the endoscopic treatment had the same long-term patency as surgical
treatments and would be the first line treatment due to the lower
risk of complications, easy implementation, and cost-effectiveness.71 There is still controversy between the use of a fully covered
metallic stent and this endoscopic technique of multiples plastic
stents. A recent metanalysis concluded that both have the same
efficacy but with a slight advantage in favour of the former due
to the fewer procedures needed to achieve the dilation.72–80
It is also possible to do this procedure percutaneously with
similar success rates as its endoscopic pair (Giménez et al; unpublished data). With 18 cases treated with this novel approach, the
group still need more examples and follow-up to compare their
results with the endoscopic ones. However, the actual results are
promising with 24-month average of follow-up and 83% of clinical success without recurrence (Fig. 12).
The technique has common points with the articulated drainage above described. It begins with a PBD, and then a guidewire
negotiates the stenosis. Then, a balloon dilation that will enable
the place for the multiple catheters proceeds. Afterwards, an
introducer advances over the guidewire beyond the stricture allowing several guidewires (as many as catheters needed to dilate
the stenosis completely) to negotiate the stenosis inside it. Over
one of them, a biliary catheter goes and over the others, the cutmultipurpose catheters placed one at a time. The thread attached
enables to withdraw them once the four-month period of treatment passes.
For those patients in whom either endoscopic and percutaneous treatment had failed, the next step would be the combined
rendezvous technique.81–84 This rendezvous is a collaboration
between the endoscopists and the interventional radiologists. The
point of the meeting could be extraluminal, for example inside a
bile collection cavity, or intraluminal: inside the bile duct or even
between the bile duct and the duodenum. The most interesting
one is the former. In case of a bile duct injury that leads to a bile
fluid collection that separates both the proximal and distal ends

Fig. 12. Bilateral sustain dilation.
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of the injured bile duct, a guide wire inserted transhepatically and
advanced through this collection allows a loop or dormia basket
from the endoscopic approach to snare the wire and externalize it
into the duodenum. Now, the guide wire goes from the proximal
portion of the bile duct, passing through the fluid collection and
back into the distal portion of the bile duct. Over this guide wire, a
biliary catheter recanalizes the biliary tract. The next stage should
be the sustain dilation that sometimes takes place simultaneously.
The same basis allows performing this type of treatment
entirely by a percutaneous approach (Fig. 13–17). In this case,
a multipurpose catheter inside a bile collection permits to externalize the guide wire inserted transhepatically. Then, a biliary
introducer conducted over this guide wire allowed to negotiate
the space and get inside the distal portion of the biliary duct. The
guide wire loop between the proximal and distal part of the bile
duct could be undone using a peel-away sheath. Finally, a biliary
catheter assembled the bile duct.

Fig. 13. Section of the posterior right biliary duct.

Fig. 14. A guidewire is entering the multipurpose catheter placed inside the
bile collection.
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Fig. 15. A guidewire is coming out through the fistula tract.
Fig. 17. A biliary drainage is reconstructing the biliary tree.

Fig. 16. A guidewire is re-entering to the distal common bile duct.

There is limited data regarding the rendezvous procedure. It
mostly consists of case reports and small series. Schreuder et al81
treated 44 patients with the rendezvous technique. They reported
a 94% initial success rate in patients with complex biliary duct
injuries following laparoscopic cholecystectomy, no 90-day mortality, and low morbidity (18% of adverse events). After a median
follow-up of 40 months, they described a long-term surgery-free
and stent-free success rate of 55%.
Fiocca et al85 reported even better results, 100% technical success rate and long-term success rate of 82%, with low morbidity,
in a series of 22 patients with complete transection of the common bile duct.
Most of the authors conclude that with low morbidity and
mortality, it should the next step in management before moving
further to surgery. Besides, the rendezvous can act as a bridge to
surgery in those refractory cases. The actual data only support a
low grade of evidence (SIGN 3) but a promising one. More prospective trials are needed to upgrade the grade of recommendation.
Concerning more complex biliary injuries, they could be sections or even resections. However, not only the biliary injuries

could feed complicated biliary procedures, but also some issues
with the hepaticojejunostomy as complete dehiscence. For the last
particular situation, a combined method performed entirely under
percutaneous approach can create new hepaticojejunostomy.86
The technique described by Mansueto et al86 started with the
puncture of the afferent loop. Then a guide wire advanced, and
over it, a sheath was left in the jejunum. A second sheath acceded
to the biliary tree and contrasted it. The trocar stylet of transjugular liver access set advanced through the jejunum sheath and
advanced puncturing the jejunum wall and the bile duct. Afterwards, they pushed a guide wire into the bile duct caught by a
snare inserted through the transhepatic sheath and pulled outside
the patient. Using this wire, they left a biliary catheter creating the
new anastomosis.
For the section and even resections of the bile duct and for
those cases of bilio-biliary or bilio-enteric anastomosis strictures
in which a guide wire could not pass through them, combined
therapy with magnets, developed by Yamanouchi et al,87 can reconstruct the biliary tract or the anastomosis.87–105
It consists of the placement of two magnets, one from the distal part of the bile duct under endoscopic approach and the other
from the upper portion of the injured bile duct under percutaneous access. Once the two magnets attract themselves, they generate ischemia in the interposed tissue between the upper portion
and the distal portion of the bile duct. Lately, both magnets create
a new communication in the injured bile duct, and the scar that
they left behind serves to create continuity. Afterwards, magnet
removal takes place, and a catheter, multiples plastic stents or a
fully covered self-expandable metal stent maintain the new communication diameter and avoid the scar retraction. Finally, the
treatment ends with the removal of the devices.
This fantastic but complicated combined procedure could also
generate a new bilio-enteric anastomosis with similar steps.95,96
Jang et al105 described in a recent report, 42 bilioenteric procedures, eight due to benign strictures and the rest for malignant
invasion. In the latter cases, a new anastomosis between the biliary tree and the duodenum created by the magnets was the path
to clear the bile flow.
The weakest part of this approach is its total procedure time
ranging from 15 to 22 days.96 This time to magnet removal after
successful approximation depends on three factors: (1) the dis-
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tance between the two magnets, (2) the strength of them, and (3)
the histological situation close to the obstruction.104 Therefore,
the bilio-biliary anastomosis requires more time to achieve the
patency than the bilio-enteric one. Regarding this, the use of the
echoendoscopic lumen-apposing covered self-expanding metal
stents for the anastomosis creation seems to be timeless, but its
analysis exceeds the aim of this review.
Concerning the use of magnets to treat benign strictures, although the feasibility and safety of it have been experimentally
and clinically verified in cases of biliobiliary and bilio-enteric
anastomosis,105 the available data is not enough to generate a
good level of recommendation. More randomized trials regarding
the different types of procedures appear to be required to compare
those with traditional surgery.

Conclusions
Complex percutaneous biliary procedures achieve almost the
same goal of conventional surgery in most of the proceedings
with a less invasive treatment, less morbidity and mortality. With
the new technologies available and the improvement of them,
probably in the future they will become more effortless and will
replace traditional operation as we know it nowadays. More prospective, randomized trials are needed to improve the strength
of the level of evidence and grade of recommendation regarding
these percutaneous complex biliary procedures.

Conflicts of Interest
No potential conflict of interest relevant to this article was reported.

Acknowledgments
To Dr. Joshua Kuban for letting take a picture of his procedure
for Fig. 4 and to professor Mariano Giménez for his support, some
figures and unpublished data.

References
1. Seldinger SI. Catheter replacement of the needle in percutaneous arteriography; a
new technique. Acta Radiol. 1953;39:368-76.
2. Okuda K. Thin needle percutaneous transhepatic cholangiography: historical review. Endoscopy. 1980;12:2-7.
3. Hoevels J, Lunderquist A, Owman T, Ihse I. A large-bore teflon endoprosthesis
with side holes for nonoperative decompression of the biliary tract in malignant
obstructive jaundice. Gastrointest Radiol. 1980;5:361-6.
4. Nakayama T, Ikeda A, Okuda K. Percutaneous transhepatic drainage of the biliary
tract: technique and results in 104 cases. Gastroenterology. 1978;74:554-9.
5. Smith EH, Bartrum RJ Jr. Ultrasonically guided percutaneous aspiration of abscesses. Am J Roentgenol Radium Ther Nucl Med. 1974;122:308-12.
6. Gronvall J, Gronvall S, Hegedüs V. Ultrasound-guided drainage of fluid-containing masses using angiographic catheterization techniques. AJR Am J Roentgenol.
1977;129:997-1002.
7. Ring EJ, Oleaga JA, Freiman DB, Husted JW, Lunderquist A. Therapeutic applications of catheter cholangiography. Radiology. 1978;128:333-8.
8. Tol JA, Busch OR, van der Gaag NA, van Gulik TM, Gouma DJ. The quandary of
preresection biliary drainage for pancreatic cancer. Cancer J. 2012;18:550-4.
9. Burke DR, Lewis CA, Cardella JF, Citron SJ, Drooz AT, Haskal ZJ, et al.; Society of
Interventional Radiology Standards of Practice Committee. Quality improvement
guidelines for percutaneous transhepatic cholangiography and biliary drainage. J
Vasc Interv Radiol. 2003;14:S243-6.
10. Perez-Johnston R, Deipolyi AR, Covey AM. Percutaneous biliary interventions. Gastroenterol Clin North Am. 2018;47:621-41.
11. Shimizu H, Kato A, Takayashiki T, Kuboki S, Ohtsuka M, Yoshitomi H, et al.
Peripheral portal vein-oriented non-dilated bile duct puncture for percutaneous
transhepatic biliary drainage. World J Gastroenterol. 2015;21:12628-34.
12. Harris VJ, Kopecky KK, Harman JT, Crist DW. Percutaneous transhepatic drainage
of the nondilated biliary system. J Vasc Interv Radiol. 1993;4:591-5.
13. Kühn JP, Busemann A, Lerch MM, Heidecke CD, Hosten N, Puls R. Percutaneous
biliary drainage in patients with nondilated intrahepatic bile ducts compared with

17

patients with dilated intrahepatic bile ducts. AJR Am J Roentgenol. 2010;195:8517.
14. Meyers RL, Book LS, O’Gorman MA, White KW, Jaffe RB, Feola PG, et al. Percutaneous cholecysto-cholangiography in the diagnosis of obstructive jaundice in
infants. J Pediatr Surg. 2004;39:16-8.
15. Jensen MK, Biank VF, Moe DC, Simpson PM, Li SH, Telega GW. HIDA, percutaneous transhepatic cholecysto-cholangiography and liver biopsy in infants with persistent jaundice: can a combination of PTCC and liver biopsy reduce unnecessary
laparotomy? Pediatr Radiol. 2012;42:32-9.
16. Dehghani SM, Haghighat M, Imanieh MH, Geramizadeh B. Comparison of different diagnostic methods in infants with cholestasis. World J Gastroenterol.
2006;12:5893-6.
17. Teplick SK, Haskin PH, Pavlides CA, Vanden Eykel C. Percutaneous transcholecystic cholangiography: experimental study. AJR Am J Roentgenol. 1985;144:105963.
18. Shin KM, Ryeom HK, Choe BH, Kim KC, Kim JY, Lee JM, et al. Ultrasound-guided
percutaneous cholecysto-cholangiography for the exclusion of biliary atresia in
infants. J Korean Radiol Soc. 2006;55:177-82.
19. Weber A, Gaa J, Rosca B, Born P, Neu B, Schmid RM, et al. Complications of
percutaneous transhepatic biliary drainage in patients with dilated and nondilated
intrahepatic bile ducts. Eur J Radiol. 2009;72:412-7.
20. Shiau EL, Liang HL, Lin YH, Li MF, Chiang CL, Chen MC, et al. The complication
of hepatic artery injuries of 1,304 percutaneous transhepatic biliary drainage in a
single institute. J Vasc Interv Radiol. 2017;28:1025-32.
21. Choi SH, Gwon DI, Ko GY, Sung KB, Yoon HK, Shin JH, et al. Hepatic arterial
injuries in 3110 patients following percutaneous transhepatic biliary drainage. Radiology. 2011;261:969-75.
22. Perry LJ. Percutaneous biliary drainage in patients with nondilated bile ducts: use
of a transjejunal approach. AJR Am J Roentgenol. 2000;175:268.
23. Fontein DB, Gibson RN, Collier NA, Tse GT, Wang LL, Speer TG, et al. Two decades
of percutaneous transjejunal biliary intervention for benign biliary disease: a review of the intervention nature and complications. Insights Imaging. 2011;2:55765.
24. Hutson DG, Russell E, Levi JU, Jeffers LJ, Reddy KR, Yrizarry JM, et al. Dilatation
of biliary strictures through the afferent limb of a Roux-en-Y choledochojejunostomy in patients with sclerosing cholangitis. World J Surg. 2001;25:1251-3.
25. McPherson SJ, Gibson RN, Collier NA, Speer TG, Sherson ND. Percutaneous
transjejunal biliary intervention: 10-year experience with access via Roux-en-Y
loops. Radiology. 1998;206:665-72.
26. Al-Ghnaniem R, Benjamin IS. Long-term outcome of hepaticojejunostomy with
routine access loop formation following iatrogenic bile duct injury. Br J Surg.
2002;89:1118-24.
27. Hutson DG, Russell E, Yrizarry J, Levi JU, Livingstone AS, Guerra J, et al. Percutaneous dilatation of biliary strictures through the afferent limb of a modified Rouxen-Y choledochojejunostomy or hepaticojejunostomy. Am J Surg. 1998;175:10813.
28. Maroney TP, Ring EJ. Percutaneous transjejunal catheterization of Roux-en-Y
biliary-jejunal anastomoses. Radiology. 1987;164:151-3.
29. Perry LJ, Stokes KR, Lewis WD, Jenkins RL, Clouse ME. Biliary intervention
by means of percutaneous puncture of the antecolic jejunal loop. Radiology.
1995;195:163-7.
30. Russell E, Yrizarry JM, Huber JS, Nunez D Jr, Hutson DG, Schiff E, et al. Percutaneous transjejunal biliary dilatation: alternate management for benign strictures. Radiology. 1986;159:209-14.
31. Castaing D, Azoulay D, Bismuth H. [Percutaneous catheterization of the intestinal
loop of hepatico- jejunostomy: a new possibility in the treatment of complex biliary diseases]. Gastroenterol Clin Biol. 1999;23:882-6. French.
32. de Jong EA, Moelker A, Leertouwer T, Spronk S, Van Dijk M, van Eijck CH. Percutaneous transhepatic biliary drainage in patients with postsurgical bile leakage and
nondilated intrahepatic bile ducts. Dig Surg. 2013;30:444-50.
33. Saad WE, Wallace MJ, Wojak JC, Kundu S, Cardella JF. Quality improvement
guidelines for percutaneous transhepatic cholangiography, biliary drainage, and
percutaneous cholecystostomy. J Vasc Interv Radiol. 2010;21:789-95.
34. Cozzi G, Severini A, Civelli E, Milella M, Pulvirenti A, Salvetti M, et al. Percutaneous transhepatic biliary drainage in the management of postsurgical biliary leaks
in patients with nondilated intrahepatic bile ducts. Cardiovasc Intervent Radiol.
2006;29:380-8.
35. Shlansky-Goldberg RD, Soulen MC, Haskal ZJ, Cope C. Use of articulated catheters
in the treatment of biliary strictures. Cardiovasc Intervent Radiol. 1997;20:232-6.
36. Houghton EJ. Palliative treatment of malignant jaundice: percutaneous or endoscopic approaches? Percutaneous. In: Chu QD, Vollmer CM, Zibari GB, Orloff
SL, Williams M, Gimenez ME, editors. Hepato-pancreato-biliary and transplant
surgery: practical management of dilemmas. Shreveport: Beaux Books Publishing;
2018, p. 1224-9.
37. Gamanagatti S, Singh T, Sharma R, Srivastava DN, Dash NR, Garg PK. Unilobar
versus bilobar biliary drainage: effect on quality of life and bilirubin level reduction. Indian J Palliat Care. 2016;22:50-62.
38. Lee BH, Choe DH, Lee JH, Kim KH, Chin SY. Metallic stents in malignant biliary obstruction: prospective long-term clinical results. AJR Am J Roentgenol.
1997;168:741-5.
39. Brountzos EN, Ptochis N, Panagiotou I, Malagari K, Tzavara C, Kelekis D. A survival analysis of patients with malignant biliary strictures treated by percutaneous
metallic stenting. Cardiovasc Intervent Radiol. 2007;30:66-73.
40. Inal M, Akgül E, Aksungur E, Seydaoglu G. Percutaneous placement of biliary me-

18

International Journal of Gastrointestinal Intervention 2019 8(1), 10–19

tallic stents in patients with malignant hilar obstruction: unilobar versus bilobar
drainage. J Vasc Interv Radiol. 2003;14:1409-16.
41. Chang WH, Kortan P, Haber GB. Outcome in patients with bifurcation tumors who
undergo unilateral versus bilateral hepatic duct drainage. Gastrointest Endosc.
1998;47:354-62.
42. Kaw M, Singh S, Gagneja H. Clinical outcome of simultaneous self-expandable
metal stents for palliation of malignant biliary and duodenal obstruction. Surg
Endosc. 2003;17:457-61.
43. Kim KO, Kim TN, Lee HC. Effectiveness of combined biliary and duodenal stenting
in patients with malignant biliary and duodenal obstruction. Scand J Gastroenterol. 2012;47:962-7.
44. Maire F, Hammel P, Ponsot P, Aubert A, O’Toole D, Hentic O, et al. Long-term
outcome of biliary and duodenal stents in palliative treatment of patients with
unresectable adenocarcinoma of the head of pancreas. Am J Gastroenterol.
2006;101:735-42.
45. Pinto IT. Malignant gastric and duodenal stenosis: palliation by peroral implantation of a self-expanding metallic stent. Cardiovasc Intervent Radiol. 1997;20:4314.
46. Katsinelos P, Kountouras J, Germanidis G, Paroutoglou G, Paikos D, Lazaraki G,
et al. Sequential or simultaneous placement of self-expandable metallic stents for
palliation of malignant biliary and duodenal obstruction due to unresectable pancreatic head carcinoma. Surg Laparosc Endosc Percutan Tech. 2010;20:410-5.
47. Zhao L, Xu H, Zhang Y. Palliation double stenting for malignant biliary and duodenal obstruction. Exp Ther Med. 2016;11:348-52.
48. Profili S, Feo CF, Meloni GB, Strusi G, Cossu ML, Canalis GC. Combined biliary
and duodenal stenting for palliation of pancreatic cancer. Scand J Gastroenterol.
2003;38:1099-102.
49. Akinci D, Akhan O, Ozkan F, Ciftci T, Ozkan OS, Karcaaltincaba M, et al. Palliation of malignant biliary and duodenal obstruction with combined metallic stenting. Cardiovasc Intervent Radiol. 2007;30:1173-7.
50. Milson A, Abdellaoui A, Fraser C, Watkinson AF. Transhepatic assisted transoral
placement of a duodenal stent in malignant gastric outlet obstruction. J Vasc Interv Radiol. 2010;21:590-2.
51. Bulut E, Çiftçi T, Akhan O, Akıncı D. Palliation of malignant gastroduodenal obstruction: fluoroscopic metallic stent placement with different approaches. Diagn
Interv Radiol. 2017;23:211-6.
52. Davies NH, McCall J. Transhepatic placement of combined biliary and duodenal
stents. AJR Am J Roentgenol. 1999;172:57-8.
53. Cozzi G, Chiaraviglio F, Bonfanti G, Civelli EM. Transhepatic contemporary palliation of biliary and duodenal stenoses by means of metallic stents. Abdom Imaging. 2004;29:688-90.
54. Ozden I, Poyanli A, Kaygusuz A, Rozanes I, Alper A. The transhepatic route for the
placement of a duodenojejunal stent: application in a postoperative closed loop
obstruction of the duodenum. Cardiovasc Intervent Radiol. 2001;24:70-1.
55. Molnar W, Stockum AE. Transhepatic dilatation of choledochoenterostomy strictures. Radiology. 1978;129:59-64.
56. Gupta P, Kalra N, Kumar A, Kochhar R, Gupta V, Khandelwal N. Balloon dilatation of a benign biliary stricture through a T-tube tract. Indian J Radiol Imaging.
2015;25:21-4.
57. Trambert JJ, Bron KM, Zajko AB, Starzl TE, Iwatsuki S. Percutaneous transhepatic balloon dilatation of benign biliary strictures. AJR Am J Roentgenol.
1987;149:945-8.
58. Lee AY, Gregorius J, Kerlan RK Jr, Gordon RL, Fidelman N. Percutaneous transhepatic balloon dilation of biliary-enteric anastomotic strictures after surgical repair
of iatrogenic bile duct injuries. PLoS One. 2012;7:e46478.
59. Cantwell CP, Pena CS, Gervais DA, Hahn PF, Dawson SL, Mueller PR. Thirty years’
experience with balloon dilation of benign postoperative biliary strictures: longterm outcomes. Radiology. 2008;249:1050-7.
60. Lorenz JM, Denison G, Funaki B, Leef JA, Van Ha T, Rosenblum JD. Balloon dilatation of biliary-enteric strictures in children. AJR Am J Roentgenol.
2005;184:151-5.
61. Zoepf T, Maldonado-Lopez EJ, Hilgard P, Malago M, Broelsch CE, Treichel U, et
al. Balloon dilatation vs. balloon dilatation plus bile duct endoprostheses for treatment of anastomotic biliary strictures after liver transplantation. Liver Transpl.
2006;12:88-94.
62. Saberi H, Karimi S, Rasuli B, Alaj E. Short- and long-term outcome of balloon
dilatation of benign biliary strictures. Iran J Radiol. 2017;14:e21617.
63. Kucukay F, Okten RS, Yurdakul M, Ozdemir E, Erat S, Parlak E, et al. Long-term
results of percutaneous biliary balloon dilation treatment for benign hepaticojejunostomy strictures: are repeated balloon dilations necessary? J Vasc Interv Radiol.
2012;23:1347-55.
64. Cho KJ. Biliary stricture dilation: are the unknowns known? J Vasc Interv Radiol.
2012;23:1355-7.
65. Ramos-De la Medina A, Misra S, Leroy AJ, Sarr MG. Management of benign biliary strictures by percutaneous interventional radiologic techniques (PIRT). HPB
(Oxford). 2008;10:428-32.
66. Costamagna G, Tringali A, Mutignani M, Perri V, Spada C, Pandolfi M, et al. Endotherapy of postoperative biliary strictures with multiple stents: results after more
than 10 years of follow-up. Gastrointest Endosc. 2010;72:551-7.
67. Costamagna G, Pandolfi M, Mutignani M, Spada C, Perri V. Long-term results of
endoscopic management of postoperative bile duct strictures with increasing numbers of stents. Gastrointest Endosc. 2001;54:162-8.
68. Kuzela L, Oltman M, Sutka J, Hrcka R, Novotna T, Vavrecka A. Prospective
follow-up of patients with bile duct strictures secondary to laparoscopic chole-

cystectomy, treated endoscopically with multiple stents. Hepatogastroenterology.
2005;52:1357-61.
69. Draganov P, Hoffman B, Marsh W, Cotton P, Cunningham J. Long-term outcome
in patients with benign biliary strictures treated endoscopically with multiple
stents. Gastrointest Endosc. 2002;55:680-6.
70. Rdzanek Ł, Kalinowski P, Kozieł S, Kobryn K, Ziarkiewicz-Wróblewska B, Patkowski W, et al. Multiple plastic stents for benign extrahepatic biliary strictures:
report of a case. Wideochir Inne Tech Maloinwazyjne. 2015;10:342-6.
71. Huszár O, Kokas B, Mátrai P, Hegyi P, Pétervári E, Vincze Á, et al. Meta-analysis
of the long term success rate of different interventions in benign biliary strictures. PLoS One. 2017;12:e0169618.
72. Khan MA, Baron TH, Kamal F, Ali B, Nollan R, Ismail MK, et al. Efficacy of selfexpandable metal stents in management of benign biliary strictures and comparison with multiple plastic stents: a meta-analysis. Endoscopy. 2017;49:682-94.
73. Coté GA, Slivka A, Tarnasky P, Mullady DK, Elmunzer BJ, Elta G, et al. Effect of
covered metallic stents compared with plastic stents on benign biliary stricture
resolution: a randomized clinical trial. JAMA. 2016;315:1250-7.
74. Haapamäki C, Kylänpää L, Udd M, Lindström O, Grönroos J, Saarela A, et al. Randomized multicenter study of multiple plastic stents vs. covered self-expandable
metallic stent in the treatment of biliary stricture in chronic pancreatitis. Endoscopy. 2015;47:605-10.
75. Costamagna G, Boškoski I. Current treatment of benign biliary strictures. Ann
Gastroenterol. 2013;26:37-40.
76. Martins FP, Kahaleh M, Ferrari AP. Management of liver transplantation biliary
stricture: results from a tertiary hospital. World J Gastrointest Endosc. 2015;7:74757.
77. Artifon EL, Coelho F, Frazao M, Marques S, Paione JB, Takada J, et al. A prospective randomized study comparing partially covered metal stent versus plastic multistent in the endoscopic management of patients with postoperative benign bile
duct strictures: a follow-up above 5 years. Rev Gastroenterol Peru. 2012;32:26-31.
78. Kaffes A, Griffin S, Vaughan R, James M, Chua T, Tee H, et al. A randomized trial
of a fully covered self-expandable metallic stent versus plastic stents in anastomotic biliary strictures after liver transplantation. Therap Adv Gastroenterol.
2014;7:64-71.
79. Kao D, Zepeda-Gomez S, Tandon P, Bain VG. Managing the post-liver transplantation anastomotic biliary stricture: multiple plastic versus metal stents: a systematic review. Gastrointest Endosc. 2013;77:679-91.
80. Siiki A, Helminen M, Sand J, Laukkarinen J. Covered self-expanding metal stents
may be preferable to plastic stents in the treatment of chronic pancreatitis-related
biliary strictures: a systematic review comparing 2 methods of stent therapy in
benign biliary strictures. J Clin Gastroenterol. 2014;48:635-43.
81. Schreuder AM, Booij KAC, de Reuver PR, van Delden OM, van Lienden KP, Besselink MG, et al. Percutaneous-endoscopic rendezvous procedure for the management of bile duct injuries after cholecystectomy: short- and long-term outcomes. Endoscopy. 2018;50:577-87.
82. Meek J, Fletcher S, Crumley K, Culp WC, Meek M. Percutaneous rendezvous technique for the management of a bile duct injury. Radiol Case Rep. 2017;13:175-8.
83. De Robertis R, Contro A, Zamboni G, Mansueto G. Totally percutaneous rendezvous techniques for the treatment of bile strictures and leakages. J Vasc Interv
Radiol. 2014;25:650-4.
84. Shin S, Klevan A, Fernandez CA, Astudillo JA, Martinez J. Rendezvous technique
for the treatment of complete common bile duct transection after multiple hepatobiliary surgeries. J Laparoendosc Adv Surg Tech A. 2014;24:728-30.
85. Fiocca F, Salvatori FM, Fanelli F, Bruni A, Ceci V, Corona M, et al. Complete transection of the main bile duct: minimally invasive treatment with an endoscopicradiologic rendezvous. Gastrointest Endosc. 2011;74:1393-8.
86. Mansueto G, Contro A, Zamboni GA, De Robertis R. Retrograde percutaneous
transjejunal creation of biliary neoanastomoses in patients with complete hepaticojejunostomy dehiscence. J Vasc Interv Radiol. 2015;26:1544-9.
87. Yamanouchi E, Kumano R, Kobayashi K, Hattori T, Matsumoto J, Oonishi T, et al.
[Treatment for bowel or biliary obstruction by magnetic compression anastomosis
development of Yamanouchi’s method and its clinical evaluation]. J Nippon Med
Sch. 2002;69:471-5. Japanese.
88. Jang SI, Lee KH, Yoon HJ, Lee DK. Treatment of completely obstructed benign
biliary strictures with magnetic compression anastomosis: follow-up results after
recanalization. Gastrointest Endosc. 2017;85:1057-66.
89. Jang SI, Rhee K, Kim H, Kim YH, Yun J, Lee KH, et al. Recanalization of refractory benign biliary stricture using magnetic compression anastomosis. Endoscopy.
2014;46:70-4.
90. Oya H, Sato Y, Yamanouchi E, Yamamoto S, Hara Y, Kokai H, et al. Magnetic
compression anastomosis for bile duct stenosis after donor left hepatectomy: a
case report. Transplant Proc. 2012;44:806-9.
91. Jang SI, Kim JH, Won JY, Lee KH, Kim HW, You JW, et al. Magnetic compression anastomosis is useful in biliary anastomotic strictures after living donor liver
transplantation. Gastrointest Endosc. 2011;74:1040-8.
92. Itoi T, Kasuya K, Sofuni A, Itokawa F, Tsuchiya T, Kurihara T, et al. Magnetic
compression anastomosis for biliary obstruction: review and experience at Tokyo
Medical University Hospital. J Hepatobiliary Pancreat Sci. 2011;18:357-65.
93. Suyama K, Takamori H, Yamanouchi E, Tanaka H, Sakamoto Y, Ikuta Y, et al. Recanalization of obstructed choledochojejunostomy using the magnet compression
anastomosis technique. Am J Gastroenterol. 2010;105:230-1.
94. Itoi T, Yamanouchi E, Ikeuchi N, Kasuya K, Iwamoto H, Tsuchida A. Magnetic
compression duct-to-duct anastomosis for biliary obstruction in a patient with living donor liver transplantation. Gut Liver. 2010;4 Suppl 1:S96-8.

Eduardo Houghton / Complex percutaneous biliary procedures
95. Matsuno N, Uchiyama M, Nakamura Y, Iwamoto H, Hama K, Ashizawa T, et al. A
nonsuture anastomosis using magnetic compression for biliary stricture after living donor liver transplantation. Hepatogastroenterology. 2009;56:47-9.
96. Avaliani M, Chigogidze N, Nechipai A, Dolgushin B. Magnetic compression
biliary-enteric anastomosis for palliation of obstructive jaundice: initial clinical
results. J Vasc Interv Radiol. 2009;20:614-23.
97. Yukawa N, Rino Y, Yamanouchi E, Saeki H, Suganuma N, Iida H, et al. [A case
of magnetic compression anastomosis between the common bile duct and the
duodenum after distal gastrectomy with Roux-Y reconstruction and cholecystectomy]. Nihon Shokakibyo Gakkai Zasshi. 2008;105:1523-8. Japanese.
98. Okajima H, Kotera A, Takeichi T, Ueno M, Ishiko T, Hirota M, et al. Magnet compression anastomosis for bile duct stenosis after duct-to-duct biliary reconstruction
in living donor liver transplantation. Liver Transpl. 2005;11:473-5.
99. Muraoka N, Uematsu H, Yamanouchi E, Kinoshita K, Takeda T, Ihara N, et al. Yamanouchi magnetic compression anastomosis for bilioenteric anastomotic stricture
after living-donor liver transplantation. J Vasc Interv Radiol. 2005;16:1263-7.
100. Itoi T, Yamanouchi E, Ikeda T, Sofuni A, Kurihara T, Tsuchiya T, et al. Magnetic

19

compression anastomosis: a novel technique for canalization of severe hilar bile
duct strictures. Endoscopy. 2005;37:1248-51.
101. Mimuro A, Tsuchida A, Yamanouchi E, Itoi T, Ozawa T, Ikeda T, et al. A novel
technique of magnetic compression anastomosis for severe biliary stenosis. Gastrointest Endosc. 2003;58:283-7.
102. Takao S, Matsuo Y, Shinchi H, Nakajima S, Aikou T, Iseji T, et al. Magnetic compression anastomosis for benign obstruction of the common bile duct. Endoscopy.
2001;33:988-90.
103. Akita H, Hikita H, Yamanouchi E, Marubashi S, Nagano H, Umeshita K, et al. Use
of a metallic-wall stent in the magnet compression anastomosis technique for bile
duct obstruction after liver transplantation. Liver Transpl. 2008;14:118-20.
104. Lim HC, Lee DK, Choi HK, Jung KT, Lee KM, Jahng JH, et al. Magnet compression
anastomosis for bilioenteric anastomotic stricture after removal of a choledochal
cyst: a case report. Korean J Gastrointest Endosc. 2010;41:180-4.
105. Jang SI, Choi J, Lee DK. Magnetic compression anastomosis for treatment of benign biliary stricture. Dig Endosc. 2015;27:239-49.

Published by
Society of Gastrointestinal Intervention
E-mail: sgisci@sgiw.org
http://www.sgiw.org

is a unique multidisciplinary society to encourage and facilitate
clinical and scientific collaboration
between radiologists, surgeons and gastroenterologists.

Endoscopy

Radiology

Surgery

Our Goals:
Multi-disciplinary Collaboration to promote world-wide Expertise

Establish a comprehensive GI intervention network among endoscopists, interventional radiologists and
gastrointestinal surgeons for multidisciplinary collaboration and interaction

Sharing and advancing technological Innovations

Inform, promote and globalize the many outstanding technological innovations of each of the specialties

Foster future Specialists

Aid young brilliant doctors to make an early debut on the international stage through SGI

Become a Role Model

Showcasing the benefits of multi-disciplinary collaboration in science, education and clinical practice

Copyright ⓒ Society of Gastrointestinal Intervention

