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Abstract: Biliary complications after liver transplantation remain
common. Resources for livers are limited, and these individu-
als are often ill, making nonoperative treatment and management
attractive options. The endoscopic route for evaluation (endoscopic
retrograde cholangiopancreatography) remains preferable, due to its
safety profile, as opposed to the percutaneous route (percutaneous
transhepatic cholangiography with percutaneous transhepatic bili-
ary drainage), though the endoscopic route may not be possible in
patients with a Roux-en-Y reconstruction. The two most common
early complications include leaks from the anastomosis or cystic duct
stump (of the donor or native duct) and obstruction at the surgical
anastomosis. Nonoperative treatment is often successful in early
complications. Late complications presenting with leaks and obstruc-
tion are often more difficult to treat nonoperatively and frequently
require surgical treatment or retransplantation, though both endo-
scopic and percutaneous methods can be useful in the management

of these complications or as a bridge to definitive surgical therapy.

omplications of the biliary tract can occur in the imme-

diate post-liver transplant period, as well as years after

the transplant. Often, in the immediate post-transplant
period, technical aspects of the operation and vascular insuf-
ficiency are leading causes of complications. In late-appearing
complications, recurrent disease (ie, the reason for the transplant
in the first place), rejection of the graft,' secondary neoplasms, and
stone formation, as well as vascular insufficiency, are most culpable
for causing complications. A particularly serious complication is
that of leaks occurring in a living donor.>?

Transplant patients involve special circumstances, as most have
benign disease and the potential for prolonged survival. The dam-
aged organ cannot be easily replaced, as resources (both the liver
itself and financial means) are limited; thus, it is necessary to make
every effort to salvage the transplanted organ. Lastly, the immu-

264 Gastroenterology & Hepatology Volume 6, Issue 4 April 2010



BILIARY COMPLICATIONS IN THE LIVER TRANSPLANT PATIENT

Figure 1. Normal duct-to-duct
anastomosis between the donor
and native livers. Often, the
entire length is longer than a
native duct, as “extra” duct is
present to prevent too much
traction. This can impact the
length of the stent.

nosuppression used in these patients alters their response
to infection and the healing process following the inter-
vention, as well as their response to any complications of
the intervention.*’

Anatomy of the Surgical Construction
Determines the Type and Management
of Therapy

The surgical construction of the biliary tree determines
the intervention required when a complication occurs.
With rare exceptions, duct-to-duct reconstruction
(choledochocholedochostomy [CDCD]; Figure 1) is
best managed endoscopically via endoscopic retrograde
cholangiography (ERCP), whereas duct-to-bowel recon-
struction (Roux-en-Y choledochojejunostomy; Figure 2)
is managed via a percutaneous route (percutaneous
transhepatic cholangiography [PTC] with percutane-
ous transhepatic biliary drainage [PTBD]). Endoscopic
management has been shown to be possible with the
use of a double-balloon endoscope or variable-stiffness
pediatric colonoscope.®’

Endoscopy, while safer due to its use of the body’s
natural openings and conduits, is usually not feasible with
a Roux-en-Y construction of a hepaticojejunostomy in
a transplanted liver. To make matters worse, the trans-
planted liver is usually a normal liver, but when there is a
leak, the intrahepatic ducts may be smaller than normal,
making percutaneous drainage more difficult.'*'?

Clearly, CDCD is the preferred anastomosis, as it is
anatomic and preserves the sphincter mechanism while
allowing retrograde access and avoidance of bowel sur-
gery. Unfortunately, CDCD cannot always be performed,
particularly in cases of sclerosing cholangitis, biliary atre-
sia, duct size mismatch, and in the repair of a problematic
CDCD anastomosis.'*!

Having to decide between cadaveric and living donor
transplants is becoming more common. The technol-
ogy used for harvesting the lobe of a living person has
improved, and the availability of cadaveric livers remains

Figure 2. Normal
hepaticojejunostomy,

which is often the preferred
reconstruction in abnormal
common bile ducts, cases of
biliary atresia, small children,
and other instances where there
is a mismatch between the
native and donor ducts.

limited. Complications rarely occur in the donor. Beyond
problems related to general medical and surgical care, the
most frequent complication is related to the leakage of
bile from the cut edge (Figure 3) or a bile duct.”'®

It is possible that post-transplantation complications
are underreported, particularly as the symptoms are vari-
able. It may also be the case that many complications
are not noticed if an intervention is not performed. In
addition, if no intervention is needed, it may be thought
that the aberration is merely a normal component of the
healing process. Despite these possibilities, it is generally
thought that complications associated with liver trans-
plantation are actually decreasing, as is the overall com-
plication rate, possibly secondary to the standardization
of technique.

Complications can be seen in patients presenting
with a biliary leak, patients in whom obstruction is the
main cause, or both. The factors that impact complica-
tions are often vascular, in the form of hepatic artery
thrombosis (HAT) or low flow. Preservation injury, ABO
blood group incompatibility, and surgical technique also
contribute significantly to complications.

Figure 3. Cut-cdge leak in a recipient of a left lobe from a

living donor.
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Figure 4. Endoscopic retrograde cholangiopancreatography
showing a normal native duct in the lower portion of the
image. Behind the endoscope and near the clips is a high-grade
anastomotic stricture with massive dilation of the donor duct.

Presentation and Early Evaluation

Patients usually present with sustained abnormal blood
tests, as well as pain, fever, bilious ascites, and sustained
output through drain sites. Noninvasive radiologic
imaging begins with extracorporeal ultrasound examina-
tion, which is often used in combination with Doppler
examination of the flow characteristics of the hepatic
artery and portal vein. Computed tomography (CT), CT
cholangiography, and magnetic resonance cholangiopan-
creatography (MRCP; Figures 4 and 5) often follow, and,
more recently, endoscopic ultrasound (EUS) is performed
to access the liver, biliary tract, and vascular patency.
Doppler examination is possible with EUS, but requires
sedation, and many of the ill postoperative patients would
require endotracheal intubation (with general anesthesia)
or sedation monitored by an anesthesiologist.

The next step in the evaluation of these patients
depends upon the initial findings. If a stricture or fluid
collection is noted, a cholangiogram is performed. This
is the next step unless the surgical connection precludes
ERCP. PTCs and PTBDs are reserved for failures with
ERCP or anatomies that preclude it (eg, Roux-en-Y
hepaticojejunostomy or gastric outlet obstruction). As
suggested earlier, PTC is more hazardous, as the ducts are
frequently of a normal size (due to the normal liver trans-
planted) or even diminutive (due to a leak). With a high-
grade anastomotic stricture, the ducts in the donor liver
can be dilated, making PTC easier and safer. Naturally,
a severe coagulopathy again makes PTC more dangerous
than ERCP and is best avoided. Thus, the determination
of whether to perform ERCP or PTC depends upon ana-
tomic considerations, the diameter of the donor biliary
tree, and the overall morbidity related to issues of sedation
and coagulation status.”?

Liver biopsies are often performed by protocol
to access the graft in the postoperative period and can
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Figure 5. Magnetic resonance cholangiopancreatography
(MRCP) of the patient in Figure 4. Note the high resolution
and detail. MRCP lends itself very well as a screening test for
anastomotic abnormalities.

Table 1. Early Evaluation of Liver Transplant Complications

Noninvasive

* Liver biochemistry

* Extracorporeal ultrasound and Doppler examination
* Computed tomography and cholangiography

* Magnetic resonance cholangiography

Invasive

* Endoscopic ultrasound

* Endoscopic retrograde cholangiography

* Percutaneous transhepatic cholangiography

detect aspects of rejection, ischemia, recurrent disease, or
obstruction (Table 1).

Early Complications (<30 Days Post-Transplant)

Early complications may be caused by the handling and
harvesting of the graft, unappreciated disease of the graft,
as well as preservation injuries. Often, these complica-
tions are recognized prior to the placement of the liver.

More common complications involve obstructions
and leaks resulting from surgical technique or vascular
insufficiency. Complications in living donors also appear
within this early time period.

Leaks

Leaks most frequently involve the two cystic duct rem-
nants (donor or native; Figure 6) through inadequate liga-
tion and are possibly associated with a distal obstruction
such as a stone, stricture, neoplasm, ampullary blockage,
surgical anastomosis resulting from surgical technique
or ischemia, or a T-tube site or tract after being removed
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Figure 6. A leak from the donor cystic duct. Note that there
is a leak from the cystic duct remnant proximal to the surgical
anastomosis.

Table 2. Causes and Locations of Leaks Following Liver

Transplantation

* Cystic duct remnants

* T-tube site or tract

* Surgical anastomosis (duct to duct, hepaticojejunos-
tomy)

e Cut edge

e Liver surface

(Figure 7). The last possibility is mainly of historical inter-
est, as T-tubes are rarely employed any longer in CDCD
reconstructions. Leaks can also occur at a hepaticojeju-
nostomy and require intervention.'®%

In addition, leaks can occur along a liver edge after
a liver biopsy (Figure 8) associated with a more distal

blockage, as a result of an injury to the liver surface dur-
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Figure 7. T-tube track leak after the T-tube is removed due
to the lack of maturation of the T-tube track. A leak can also
occur at the T-tube insertion site. These leaks used to be very
frequent (>20%) but have disappeared with the retirement of
the T-tube in duct-to-duct anastomosis.

Figure 8. Note the early blush at 10 o’clock
(A). The blush of contrast has increased, and
the anastomotic stricture that is present likely
predisposed this individual to the leak after the
biopsy (B). This case was managed with a stent
and endoscopic dilation with a 4-mm balloon at
10 atm (150 psi).

ing surgery, or along a cut edge in either the recipient or
donor of a split liver (Table 2).

Leaks are generally treated via diversion of bile
through endoscopic stenting. Occasionally, an endo-
scopic sphincterotomy is performed to remove a stone,
relieve the obstruction contributing to the leak such as
a distal choledochocoele, or place a second removable
stent to facilitate drainage. In cases where ERCP cannot
be performed, PTBD is used for diversion. However, as
mentioned earlier, this scenario can have increased mor-
bidity, as the ducts are often small, due to the leak. In
all instances of a leak associated with a major collection,
the collection must also be drained to prevent secondary
infections and late complications of adhesions associated
with bile (Figure 9). Reoperation is always considered
for an early leak.

If bile is diverted outside of the body with either a
percutaneous drainage catheter or nasobiliary catheter,
the levels of the immunosuppressive agent must be care-
fully monitored; for example, cyclosporine may not be
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Figure 9. Anastomotic leak

with a stent through the surgical
anastomosis and percutaneous
drain in a major collection.
Anastomotic leaks often heal with
structuring.

recirculated via the normal enterohepatic circuit, and the
levels may decline.

At the University of California, San Francisco, we
initially placed nasobiliary drains and monitored the
leaks almost daily to determine the rate of closure. We
determined that simple leaks such as T-tube tract or site
leaks, cystic duct leaks, liver biopsy site leaks, and minor
capsular leaks all closed in 2—3 weeks. This slight delay in
closure was likely secondary to the immunosuppression
that slows scar formation. The nasobiliary catheter per-
mitted endoscopists to evaluate closure and pull out the
catheter over a wire as soon as closure was seen without
needing a second endoscopy for stent removal.

The nasobiliary catheter has the following disadvan-
tages: patients often could not tolerate the catheter for 2
or 3 weeks; it often delayed their discharge, as patients
would frequently choose not to go home with the naso-
biliary catheter; the catheter could be dislodged, neces-
sitating an urgent replacement; and, as noted earlier,
immunosuppressives such as cyclosporine would have to
be refed through a second (nasogastric) tube to maintain
its levels.!

Leaks caused by a cystic duct remnant typically close
in 2-3 weeks. Generally, one 7 Fr stent (double pigtail)
placed above the leak solves the problem. Occasionally,

bilateral stenting with an endoscopic sphincterotomy is
needed. Cut-edge leaks often take longer to close (up to 8
weeks), and anastomotic leaks often heal with a stricture.

Obstruction

Endoscopic therapy, if feasible, is the least morbid
short-term solution for all causes of obstruction. On the
other hand, if the obstruction occurs in the common
duct, hepatic duct, at the surgical anastomosis, or at the
ampulla, proximal dilation will occur, and a PTBD may
be possible to perform, except with noncorrectable coagu-
lopathy. Alternately, reoperation can sometimes be a rea-
sonable alternative in both late and early complications.

The most common early obstruction occurs at the
CDCD surgical anastomosis. The causes can be surgical
technique, edema, torsion, redundancy, vascular insuf-
ficiency, or, less likely, a stone or mucocele. These options
generally lend themselves to endoscopic stent place-
ment with resolution of the obstructive symptoms and
liver tests. If the obstruction occurs very early in the
course of management (<14 days), endoscopists may be
hesitant to perform endoscopic balloon dilation for fear
of disrupting the surgical anastomosis, and may place a
stent. After several weeks, the stent is removed, and dilata-
tion is performed for strictures. The stent is replaced if
there is no or sluggish drainage, and the time between
dilations increases until the stricture has resolved or the
anastomosis is reconstructed (Figure 10). With a hepati-
cojejunal anastomosis, the same guidelines apply, though
the approach is percutaneous, and an external drainage
catheter is needed, with possible bile refeeding.”>* After
the stents are removed, liver tests are followed to access
any early obstruction.

There has been recent interest in placing multiple
stents in much the same way that multiple stents are
placed for other benign strictures postdilation in the hope
of keeping the anastomotic strictures open. If a mucocele

Figure 10. Anastomotic stricture (A). Balloon dilation (4 mm at 10 atm; B). 7 Fr 10 double pigtail stent in place through

the surgical anastomosis (C).
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Figure 11. Multiple stones in the bile duct. Note the
multiple bile duct filling defects, which are usually related

to a vascular insult and evolve into stricturing.

is causing the obstruction, a stent can relieve the obstruc-
tion temporarily. Ultimately, the mucus building up in
the entrapped cystic duct requires surgical treatment.
Ampullary obstruction from a choledochocoele, stone,
or papillary stenosis usually responds to an endoscopic
sphincterotomy for a durable solution. If the bile duct
filling defects are a consequence of vascular insufficiency
and sloughing of the biliary mucosa, the solution of
endoscopic sphincterotomy is temporary (Figure 11).
Stricturing of the entire bile duct may follow as a long-
term sequelae of vascular insufficiency. In the future,
vascular insufficiency, ductal reconstruction, retransplan-
tation, and chronic stenting are issues that may have to be
addressed (Table 3).

Primary intrahepatic disease can cause stricturing
and obstruction. Stenting or biliary diversion can help
obstruction at the bifurcation, but multiple strictures in
the liver do not lend themselves to minimally invasive
interventions. Although the removal of stones and debris
can usually be achieved, recurrence is likely if arterial
insufficiency is the underlying cause. Ductal abnormali-
ties secondary to rejection can improve with antirejec-
tion treatment, and prolonged preservation injuries can
improve over time.**!

The development of a cholangiopathy associated
with biliary cast syndrome is a difficult problem. Factors
such as biliary infection, bile duct damage, ischemia, and
possibly hemolysis may be involved. Although casts can
often be removed with endoscopic management, surgery
is often required.’

In recent years, the use of livers donated after
cardiac death has been demonstrated to have a higher
short-term graft failure, a higher relisting risk, and a
higher risk of retransplantation, primarily due to an

Table 3. Common Causes of Obstructions

* Surgical anastomosis (duct to duct, hepaticojejunostomy)
¢ Mucocele

* Ampullary obstruction

* Bile duct filling defects

* Intrahepatic strictures

increased risk of biliary complications associated with
ischemic cholangiography.?-%

Early complications appear to be more responsive
to nonsurgical therapy and have a greater likelihood of

avoiding operation.

Late Complications (>90 Days Post-
Transplantation)

Biliary complications that occur after several months
often have more serious causes. Liver tests are studied on
a regular basis in post-transplant patients and are often
the first indication that there is a problem. An ultrasound
and Doppler examination of the hepatic vasculature
(hepatic artery and portal vein), accompanied by a percu-
taneous liver biopsy, often comprise the next step. When
coagulopathy is present, a transjugular biopsy is often per-
formed. If the cause is suspected to be leakage or ductal
obstruction, ERCP or PTC is performed.

Leaks are less common as late complications unless
associated with severe vascular insufficiency and strictur-
ing.%%° Anastomotic strictures that occur late are usually
vascular in origin. Other causes of obstruction that can
occur later, particularly when nonanastomotic, are related
to HAT (with intrahepatic strictures), ABO incompat-
ibility, prolonged preservation, opportunistic infections,
recurrent hepatitis B or C, ductopenic rejection, recur-
rent primary sclerosing cholangitis, stones or casts, post-
transplant lymphoproliferative disorder or other tumors,
and sphincter dysfunction or stenosis.*"*’

Ductopenic rejection, post-transplant lymphopro-
liferative disorder, and opportunistic infections can often
respond to medical management, though these patients
may need transient endoscopic or percutaneous interven-
tion to relieve large duct obstruction. Recurrent hepatitis
B and C can occasionally be managed by medical treat-
ment, though endoscopic or percutaneous interventions
usually have little effect here.

Recurrent primary sclerosing cholangitis can often
respond to endoscopic management with stricture dila-
tion and, occasionally, stent placement. However, this
disease appears to be different from the original disease,
in that there are usually associated casts and stones. In this
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sense, the disease is likely related to vascular insufficiency

and resembles recurrent pyogenic cholangitis. This situa-
tion can be managed with endoscopic and percutaneous
therapy, though a durable cure is unlikely. The disadvan-
tage to stent placement is that if the stent occludes, there
is a risk of cholangitis and hepatic micro-abscesses (behind
strictures) in an immunocompromised host, making cure
difficult and retransplantation dangerous (Figure 12).

Late strictures are usually not self-limiting with endo-
scopic or percutaneous therapy; they usually persist unless
medically reversible. With this assumption in mind, a
reasonable algorithm for late-appearing nonanastomotic
strictures is not to perform endoscopic or percutaneous
therapy on patients with minimal symptoms and pre-
served synthetic function. Balloon dilation should be the
primary treatment for symptomatic patients, and stents
should be reserved for failures of endoscopic or percutane-
ous dilations and used as a rebridge to retransplantation
(Figure 13).

From a practical standpoint, as the practitioner won-
ders about the causes of late complications, it would be
naive to ignore the possibility of compliance with antire-
jection drugs and the return of a patient to alcohol use.
It is also necessary to accept endoscopic or percutaneous
long-term management as a successful outcome because
resources for performing repeat transplantation are mark-
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Figure 12. Vascular insult resulting

in bilateral strictures at the bifurcation
(A). Inidially, the jaundice was treated
with bilateral stenting (two 7 Fr 10-cm
double pigtail stents; B). The patient
was maintained with periodic balloon
dilation of the right duct (C). Dilation
of the left duct was performed with
4-mm balloons at 10 atm (150 psi; D).

edly limited, surgery may be too hazardous, and portal
vein or hepatic artery thrombosis may make retransplan-
tation impossible.!#

It is likely that endoscopic and percutaneous therapy
have minimized the need for post-transplant biliary sur-
gery. According to a 10-year experience at the University
of California, San Francisco, there were 1,061 cases of
adult liver transplants, of which 959 were orthotopic
liver transplants and 102 were living donor procedures.
Of these patients, 947 underwent CDCD reconstruc-
tion and 114 had a hepaticojejunostomy. The study also
noted that 232 (22%) of the adults experienced biliary
complications: 140 bile duct strictures, 59 bile duct leaks,
18 cases of papillary stenosis, 16 cases of diffuse bile duct
injury (usually ischemic), 7 cases of choledocholithiasis,
and 2 cases of extrinsic compression from post-transplant
lymphoproliferative disorder.

The study also noted a trend toward increased
complications in patients undergoing a surgical take-
back procedure for hemorrhage, sepsis, and obstruction,
patients with a choledochoenteric anastomosis, and those
undergoing a living donor transplant (Table 4).

Of the 114 patients who had choledochoenteric
anastomosis, 33 underwent percutaneous management
for a complication and 21 of the 33 (64%) required surgi-
cal revision.
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Figure 13. Diffuse intrahepatic
stricturing.

Table 4. Frequency of Various Adult Biliary Complications
Over 10 Years at the University of California, San Francisco

* 1,061 adult liver transplants (orthotopic and living
donor)

* 232/1,061 (22%) biliary complications

¢ 140 cases of bile duct strictures

* 59 cases of bile duct leaks

* 18 cases of papillary stenosis

* 16 cases of diffuse bile duct injury

e 7 cases of choledocholithiasis

* 2 cases of post-transplant lymphoproliferative disorder

In addition, 166 individuals underwent ERCP with
a CDCD anastomosis and 101 of 132 (77%) had endo-
scopically manageable pathology and required no surgical
revision. This figure included 64 of 100 cases (64%) of
strictures, 16 of 31 cases (52%) of leaks, 16 of 16 cases
(100%) of papillary stenosis or choledochocoele, and 4 of
14 cases (29%) of diffuse biliary injuries.

It is thus fair to conclude that endoscopic man-
agement and therapy can minimize the need for post-
transplant biliary surgery in the cases of biliary tract
complications of strictures and papillary stenosis. These
techniques are generally safe and nearly always effective
in the short term and can serve as a bridge to surgical
therapy. Further endoscopic therapy may be the preferred
therapy for chronic management of strictures and stones
if definitive curative surgery (retransplant or reconstruc-
tion) is not possible.
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