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Abstract

Purpose This study aimed to present the institutional
experience and algorithm for performing biliary interven-
tions in liver transplant patients using the modified Hutson
loop access (MHLA) and the impact of percutaneous
endoscopy via the MHLA on these procedures.

Methods Over 13 years, 201 MHLA procedures were
attempted on 52 patients (45 liver transplants; 24 living and
21 deceased donors) for diagnostic (e.g., cholangiography)
and therapeutic (e.g., stent/drain insertion and cholangio-
plasty) purposes. The most common indications for MHLA
were biliary strictures (60%) and bile leaks (23%). Percu-
taneous endoscopy was used to directly visualize the bil-
iary-enteric anastomosis, diagnose pathology (e.g.,
ischemic cholangiopathy), and help in biliary hygiene
(removing debris/casts/stones/stents) in 138/201 (69%)
procedures. Technical success was defined as cannulating
the biliary-enteric anastomosis and performing diagnostic/
therapeutic procedure via the MHLA.
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Results The technical success rate was 95% (190/201).
The failure rate among procedures performed with and
without endoscopy was 2% (3/138) versus 13% (8/63)
(P =0.0024), and the need for new transhepatic access (to
aid the procedure) was 12% (16/138) versus 30% (19/63)
(P = 0.001). Despite endoscopy, failure in 2% of the cases
resulted from inflamed/friable anastomosis (1/3) and high-
grade stricture (2/3) obstructing retrograde cannulation of
biliary-enteric anastomosis. Major adverse events (bowel
perforation and injury) occurred in 1% of the procedures,
with no procedure-related mortality.

Conclusions MHLA-based percutaneous biliary interven-
tion is a safe and effective alternative to managing com-
plications after liver transplant. Percutaneous endoscopy
via the MHLA improves success rates and may reduce the
need for new transhepatic access.

Level of Evidence Level 4
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Percutaneous Biliary Interventions via the Modified Hutson Loop in Patients with
Biliary-Enteric Anastomoses — A Retrospective Study

Retrospective Analysis

* Safety and efficacy of modified Hutson
loop access (MHLA) to perform biliary
interventions

* Impact of endoscopy on the success
rates of these procedures
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demonsirating a patent biliary system (red arrow). The blind-ending limb of
the Hutson loop with the wire is seen (black arrow). The blue arrow points to
the surgical clips at the modified Hutson loop access site.
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Percutaneous biliary interventions via the MHLA are a safe and effective alternative to percutaneous transhepatic biliary drainage in managing
complications after liver transplantation. Percutaneous endoscopy via the MHLA improves success rates and may reduce the need for new
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Abbreviations

MHL Modified Hutson loop

MHLA  Modified Hutson loop access

ERCP Endoscopic retrograde
cholangiopancreatography

PTBD Percutaneous transhepatic biliary drainage

PTC Percutaneous transhepatic cholangiography

ERC Retrograde cholangiography

IR Interventional radiology

MRI Magnetic resonance imaging

MRCP  Magnetic resonance cholangiopancreatography
SIR Society of interventional radiology

CTCAE Common terminology criteria for adverse
events

RF Radiofrequency

RFA Radiofrequency ablation
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Introduction

Biliary interventions address various complications like
strictures, bile leaks. [1, 2] Endoscopic retrograde cholan-
giopancreatography (ERCP) is the initial approach, with
percutaneous transhepatic cholangiography (PTC) reserved
for ERCP failures or patients with complex (post-surgical)
gastrointestinal anatomy [3, 4]. Liver transplant and major
hepatobiliary surgery patients often need repeat biliary
procedures because of recurrent issues such as strictures. A
systematic review of 14,359 liver transplants reported a
13% incidence of posttransplant anastomotic strictures.
Notably, patients with strictures frequently have nondilated
intrahepatic biliary ducts, posing challenges for PTC due to
the risk of injuring the portal vein and hepatic artery in
transplanted livers [5-11].

Initially introduced by Hutson et al. in 1984, the concept
aimed to create a stoma in the anterior abdominal wall to
access the Roux limb of the Roux-en-Y hepaticojejunos-
tomy, providing easier access for repeat biliary
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interventions in patients with a biliary-enteric anastomosis
[12]. This technique evolved to the modified Hutson Loop
(MHL), replacing the stoma with surgical affixation (je-
junopexy) of the Roux limb to the anterior abdominal wall,
resulting in decreased infection and leakage risks, attrib-
uted to the absence of an external stoma [4, 5, 13]. MHL
access (MHLA) has been described previously by the
authors’ group [4]. The safety and effectiveness of percu-
taneous transjejunal access interventions without surgi-
cally-affixed Roux limb has also been described [5, 6].
Compared to PTC, MHLA offers easier access and
eliminates the risk of hepatic injury by avoiding tran-
shepatic needle insertion. It allows repeated interventions
upon numerous biliary segments and anastomoses from
single transjejunal access instead of requiring multiple
access sites and long-term percutaneous drain [4, 5].

Table 1 Baseline characteristics

Despite these benefits, MHLA has yet to gain traction.
Furthermore, the introduction of endoscopy in interven-
tional radiology (IR) has improved the ability to perform
diagnostic and therapeutic procedures using MHLA [14].

This study aims to expand upon the previously pub-
lished study with larger and more comprehensive sample
size and present the institutional algorithm for diagnosing
and managing biliary complications in posttransplant
patients.

Materials and Methods

This retrospective study, reporting 201 MHLA-procedure
attempts on 52 patients (including 21 patients from previ-
ously published study) [4] from March 2009 to December

Baseline characteristics

N (%)

Age (mean [at first MHLA])

52 years (range: 2-82)

Sex Male 33 (63)
Female 19 (37)
Underlying diagnosis PSC 26 (50)
Alcoholic cirrhosis 509
Cholangiocarcinoma 50)
Hepatitis C cirrhosis 2 (4)
Alagille syndrome 24
Biliary atresia 24
Calculous cholecystitis 24
Iatrogenic injury 24
HCC 24
Idiopathic cirrhosis 1)
AI1AT deficiency 1)
Autoimmune hepatitis 1)
Polycystic liver disease 1)
Prior major hepatobiliary surgery Living donor liver transplant 24 (46) Roux-en-Y HJ =23 (95)
End-to-end ductal = 1 (5)
Deceased donor liver transplant 21 (40) Roux-en-Y HJ = 20 (95)
End-to-end ductal = 1 (5)
Hepatectomy with hepaticojejunostomy 3 (6)
Hepaticojejunostomy for other reasons 4 (8)
Indication for MHLA Biliary stricture 31 (60)
Bile leak 12 (23)
Obstruction due to other causes 7 (13)
Cholangitis 24)

Baseline bilirubin” (median)

Baseline alkaline phosphatase” (median)

1.55 mg/dL (range: 0.4-24)
296 U/L (range: 127-805)

MHLA Modified Hutson loop access, PSC Primary sclerosing cholangitis HCC Hepatocellular carcinoma, A/AT Alpha-1 antitrypsin, mg/dL

Milligrams per deciliter, U/L Units per liter, HJ Hepaticojejunostomy

“Patients who presented with suspected biliary obstruction and underwent therapeutic procedures via MHLA
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2022, was conducted after Institutional Review Board’s
approval.

At the authors’ institution, MHL patients with suspected
biliary pathologies were discussed at monthly, multidisci-
plinary biliary conferences and referred to IR for diagnostic/
therapeutic interventions. The most common indications for
MHLA were stricture and biliary leak (Table 1). Supple-
mental Figure 1 presents the institutional algorithm at the
author’s institution for approaching such patients.

Technique

The hepatobiliary anatomy was evaluated by reviewing prior
imaging and notes as discussed by Riaz et al. [4] Prophylactic
antibiotics were administered to all patients, following the Society
of Interventional Radiology (SIR) guidelines [15]. Candidacy for
the type of anesthesia was determined by Anesthesiology.

Fig. 1 65-year-old man status
post deceased donor liver
transplant and
hepaticojejunostomy with a
modified Hutson loop
presenting with elevated
alkaline phosphatase and
bilirubin levels. a Ultrasound
demonstrating minimal
extrahepatic biliary ductal
dilatation (white arrow).

b Coronal MRI demonstrating
no significant biliary ductal
dilatation with debris within the
duct. ¢ Image of the bile cast
removed from the bile duct.

d Cholangiography via the
endoscope at the anastomosis
(white arrow) demonstrating a
patent biliary system (red
arrow). The blind-ending limb
of the Hutson loop with the wire
is seen (black arrow). The blue
arrow points to the surgical clips
at the modified Hutson loop
access site
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Percutaneous Access of the MHL and Catheterizing
the Biliary-Enteric Anastomosis

Initial access and catheterization were performed as shown
previously [4]. In brief, the MHL was accessed using a
21-gauge needle after identifying under sonographic/fluo-
roscopic guidance. The intraluminal needle position was
confirmed by dilutional contrast fluoroscopy. A 0.018-inch
guidewire was introduced into the jejunal lumen and
upsized with a transitional dilator to a 0.035-inch system.
Afterward, the sheath was oriented in the direction of the
liver (retrograde) rather than the jejunojejunostomy (an-
terograde). In the case of antegrade initial access, a wire
was inserted and subsequently, the sheath was retracted
over the wire. Subsequently, a catheter positioned side-by-
side was employed to propel a wire in a retrograde fashion
toward the liver.
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Percutaneous Endoscopy in Biliary Interventions
via MHLA

In patients where contrast injection via the MHLA could
not opacify the biliary system, an endoscope was used to
identify the biliary-enteric anastomosis [4]. This endoscope
has an outer diameter of 10.5 French, which was intro-
duced through a > 11-French sheath. Various wires,
catheters, and devices could be passed through the 3.6
French working channel of the endoscope (SpyGlass Dis-
cover, Boston Scientific, Marlborough, MA) (Fig. 1/Video
1) Direct visualization under endoscope aided in identify-
ing the biliary-enteric anastomosis ostium (Video 2). Other
cases and techniques (including plastic stent placement and
retrieval) have been previously described by Entezari et al.
[14].

Biliary Interventions via MHLA

Once the biliary system was cannulated, all patients had a
retrograde cholangiogram to evaluate the biliary system.
Various therapeutic interventions were performed via the
MHLA, including creation of a neo-duct/neo-anastomosis,
cholangioplasty, stent/drain placement, and endobiliary
radiofrequency ablation (RFA) [4, 16].

A percutaneous transhepatic approach was attempted if
the initial MHLA was unsuccessful. This percutaneous
transhepatic access could be upsized safely to a 4-French
catheter, which can help cross the tight anastomosis and the
wire could be snared from the jejunal access to obtain
Archimedean (through and through) access (from the skin
through the liver, the bile ducts, the hepaticojejunostomy,
the jejunum, and out the MHLA). (Supplemental Figure 2).

Removing the Access

Before removing the sheath/catheter from the jejunum,
afferent loop obstruction was excluded (by contrast injec-
tion into the roux limb to evaluate a) bowel dilatation and
b) free flow of contrast towards the jejunojejunostomy) to
prevent the formation of an enterocutaneous fistula.
Patients were observed for approximately 2 h in the post-
anesthesia care unit or outpatient recovery room. A small
6-French drain was placed into the Hutson loop to preserve
access for subsequent procedures in 10/52 patients who
required PTC access to puncture the Hutson loop (Archi-
medean access) (Supplemental Figure 3).

Follow-up
Regular follow-ups were scheduled to evaluate the efficacy

and safety of the therapeutic intervention. Patients with
drains or plastic stents were followed-up every 4-6 weeks

for possible removal, assessing the patency, and consider-
ing repeat intervention such as stent placement. Total -
bilirubin and alkaline phosphatase (ALP) were measured
1-2 months after the last MHL intervention and compared
to the pre-intervention value. Adverse events (AEs) were
reported per established guidelines [17, 18].

Statistical Analysis

MedCalc® Statistical Software version 20.111 (MedCalc
Software Ltd, Ostend, Belgium; https://www.medcalc.org;
2022) was utilized to perform all statistical analyses. The
significance level was set at 0.05. The numbers are pre-
sented as mean, median, and range. The chi-squared test
was used to compare the instances of new transhepatic
access, and procedural failure rate with and without
endoscopy. The Wilcoxon test (paired samples) was used
to compare the values of total-bilirubin and ALP pre- and
post-interventions.

Result

33 patients (63%) were male. The mean age at the first
MHLA attempt was 52 years (20-82 years). The median
interval between the biliary-enteric anastomosis creation
and the first MHLA attempt was 86 days (1 day—13 years).
The underlying diagnoses that resulted in the hepatobiliary
surgery with MHL creation are shown in Table 1. Of 52
patients, 43 (83%) had undergone MRCP, and 21 (40%)
had failed ERCP before the procedure.

Of 201 procedures, 115 (57%) were performed under
general anesthesia, 31 (16%) under monitored anesthesia
care, and 55 (27%) under moderate sedation.

Of 201 MHLA attempts in 52 patients, 190 (95%) were
technically successful (defined as ability to cannulate bilio-
enteric anastomosis and perform diagnostic/therapeutic
procedures) in 48 (92%) patients. Figure 2 presents the
total number of interventions and procedures. Figure 3
presents the number of procedures/endoscopies per year via
the MHL.

The mean number of MHLAs obtained per patient was
3.95 (1-15). Fluoroscopy was used in all procedures. Out
of 190 successful MHLAs, 41 (22%; 9 patients) were
diagnostic-only, whereas 149 (78%; 29 patients) were
therapeutic (e.g., drain insertion, cholangioplasty, stent
insertion) (Fig. 2).

There were 11 (5%) unsuccessful MHLAs in eleven
patients. In 6/11, the initial percutaneous access was
obtained; however, the operator could not visualize/can-
nulate the bilio-enteric anastomosis. On the other hand,
MHLA was not attempted in the remaining 5/11 despite
MHL. Therefore, new transhepatic access was obtained in

@ Springer
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Total number of
accesses = 201

190 successful HL
accesses
(730 interventions)

11 unsuccessful HL
accesses

149 therapeutic 41 diagnostic accesses HL access was obtained HL access was not

?ccesses_ (54 interventions) but procedure could attempted. Only TH
(676 interventions) not be completed (n=6) access obtained (n=5)

Number of Number of
cholangiographies cholangioscopies
=41 =13

Number of Number of stents Number of stents Number of new Num.b'er of Number of

. . : . Endobiliary RF . 5
cholangioplasties placed retrieved drains placed e cholangioscopies
=111 =236 =186 =18 -3 =122

Number of new
transhepatic biliary
drains=5
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drains = 13

HL: Hutson loop; TH: Transhepatic; RF: Radiofrequency

Fig. 2 Flow chart demonstrating total number of procedures and interventions
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Fig. 3 Bar chart demonstrating total number of successful accesses and endoscopies
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all these cases through which the following interventions
were performed: internal-external drain (IE) biliary
placement (9/11 [82%]), cholangioplasty (5/11[45%]), neo-
anastomosis creation with radiofrequency (RF) wire (1/11
[(9%]), and biliary stent placement (1/11 [(9%]). Com-
pared to unsuccessful MHLAs, new drains were placed
only in 18/149 successful therapeutic MHLAs
(P < 0.0001). Of 18 drains, 5 were MHL cholangiogra-
phy/cholangioscopy-assisted IE biliary drains and 13 MHL
drains (one retrograde biliary drain inserted percutaneously
through MHL into the biliary system, and 12 percutaneous
MHL drains to preserve access) (Fig. 2).

Cholangioscopy (endoscopy) was performed in 138/201
(69%) accesses to visualize the biliary-enteric anastomosis
and the biliary system. In endoscopy-guided procedures,
the technical failure rate was 3/138 (2%), whereas without
endoscopy, it was 8/63 (13%) (P = 0.0024). A new per-
cutaneous transhepatic access (in case of MHLA failure, to
gain Archimedean access or aid in therapeutic intervention)
was obtained in 16/138 (12%) endoscopy-guided proce-
dures compared to 19/63 (30%) procedures without endo-
scopy (P = 0.0013).

Of the 29 patients with successful therapeutic inter-
ventions by IR, twenty-four patients had biliary obstruc-
tion, and six had bile leaks (one had an obstruction and a
bile leak). On comparison of pre-and post-intervention labs
in patients with suspected biliary obstruction undergoing
therapeutic interventions via MHL, serum bilirubin
decreased by a median of 0.6 mg/dL (pre: 1.55 mg/dL
[0.4-24]; post: 0.95 mg/dL [0.4-20], P = 0.3), and serum
alkaline phosphatase decreased by a median of 140.5 U/L
(pre: 296 U/L [127-805]; post: 155.5 [38-581],
P = 0.0047). Four (14%) patients with ischemic cholan-
giopathy subsequently underwent a repeat liver transplant
following repeated MHL interventions for biliary hygiene
(clearing of biliary casts and debris) [19]. Among patients
(6/29) with a biliary leak, the leak was resolved after
undergoing therapeutic interventions (stent placement
across the transected duct) via MHL.

Among 19-patients undergoing diagnostic-only proce-
dures, the reasons for not performing any therapeutic
intervention were: cholangiography via the MHLA
demonstrated no biliary obstruction in 13 patients, no leak
in five, and a small leak with no perihepatic fluid collection
in one (resolved on the follow-up cholangiogram without
any intervention).

In 133/190 (70%) accesses, patients were discharged the
same day (outpatient), whereas, in 57/190 (30%), patients
were either already admitted (33/57 [58%]) or were
admitted after the IR intervention (24/57 [42%]). For
patients admitted post-intervention, the mean hospital stay
length per patient was 2.5 days (1-10 days).

Of 29 patients with successful therapeutic interventions,
a repeat transplant was required only in two (7%) (One had
posttransplant rejection with ischemic cholangiopathy, and
the other had posttransplant liver failure). The remaining
patients (86%) were managed by minimally invasive IR
procedures.

Adverse Events

Of 196 MHLAs (excluding five where MHLA was not
attempted.), 2 (1%) resulted in major AEs: duodenal/jeju-
nal perforation (SIR class D) requiring surgical correction,
and bowel injury (SIR class D) resolving without surgery.
In case of duodenal/jejunal perforation, the MHL was
accessed 13 days after its creation, and IR inserted a 24
French peel-away sheath to allow interventional GI to
visualize the biliary-enteric anastomosis using a 24 French
endoscope. In the other patient with bowel injury, the
patient was to be discharged the same day, but had to be
admitted because of severe abdominal pain postprocedure
(Table 2).

There was no procedure-related mortality rate (SIR
Class F). Abnormal liver function tests, e.g., deranged
bilirubin, ALP, alanine transaminase (ALT), and/or
aspartate transaminase (AST) levels were seen in 36/196
(18%) procedures.

Eight AEs resulted in prolonged hospital stay (in
patients already admitted for other reasons), of which four
resulted in transfer to the intensive care unit (ICU) due to
sepsis. Fifteen adverse events resulted in readmission
(same day or later), with two resulting in transfer to the
ICU (1/2: sepsis; 1/2: contrast allergy-related hypotension).
The mean hospital stay duration was 4.7 days (1-18 days)
for these readmissions.

Discussion

This study discusses the efficacy and safety of biliary
interventions performed via MHLA in 52 consecutive
patients. Of 201 procedures, 190 (95%) were technically
successful. The technical success rate in this study is
similar to previously published studies (88—95%) [4—6, 20].
The 95% success rate is also acceptable compared to the
success rate thresholds (50-95%) for various procedural
outcomes performed through transhepatic access [21]. The
use of percutaneous endoscope for directly visualizing the
biliary system during the procedure significantly reduced
the rate of failure to cannulate the biliary-enteric anasto-
mosis from 13% (8/63) to 2% (3/138). The procedural
failure despite using endoscopy was attributed to the
inflamed and friable anastomosis (1/3) and high-grade
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Table 2 Shows complications related to the modified Hutson loop access procedures

Complication Total (196) N (%) Grade (N) N (%)
Clinical* Abdominal pain 17 (9) Grade 1 8 (4)
Grade 2 1 (0.5)
Grade 3 8 (4)
Cholangitis 15 (8) Grade 1 2 (1)
Grade 2 1 (0.5)
Grade 3 12 (6)
Sepsis/septic shock 8 4) Grade 3 8 (4)
Stent migration 8 4) Grade 3 8 (4)
Drain malfunction 5@3) Grade 3 5@3)
Bacteremia 3(12) Grade 1 1(0.5)
Grade 2 1(0.5)
Grade 3 1 (0.5)
Pain at drain site 3(2) Grade 1 3(2)
Bowel injury 1(0.5) Grade 3 1 (0.5)
Duodenal/jejunal perforation 1(0.5) Grade 3 1(0.5)
Peritonitis 1(0.5) Grade 3 1 (0.5)
Superficial abscess 1 (0.5 Grade 1 1(0.5)
Allergy-mediated hypotension 1 (0.5) Grade 2 1 (0.5)
Pneumoperitoneum 1(0.5) Grade 3 1(0.5)
Laboratory value (asymptomatic) toxicity** Bilirubin elevation 21 (11) Grade 1 8 4)
Grade 2 13 (6.5)
Combined ALT-AST elevation 8 4) Grade 1 6 (3)
Grade 2 1 (0.5)
Grade 3 1 (0.5)
ALT elevation 7 (3.5) Grade 1 4 (2.5)
Grade 2 3 ()
AST elevation 7 (3.5) Grade 1 7 (3.5)
ALP elevation 6 (3) Grade 1 5@3)
Grade 2 1 (0.5)

ALT Alanine aminotransferase, AST Aspartate aminotransferase, ALP Alkaline phosphatase

“Memorial Sloan-Kettering Cancer Center Complication Classification system was used to classify clinical complications

"*NCI CTCAE v5.0 classification system was used to classify hepatobiliary toxicity. 36/49 (73%) resolved within a month of the procedure

stricture (2/3), preventing cannulation. Therefore, the
operator decided to obtain transhepatic access.

Abnormal liver function tests prompt cross-sectional
imaging [22]. In hepaticojejunostomies patients, biliary
obstruction could occur without significant ductal dilata-
tion. Early intervention can identify an obstruction and
prevent secondary biliary cirrhosis [23]. For those with
known ischemic cholangiopathy and biliary casts, biliary
hygiene (to prevent cholangitis by clearing biliary
obstruction) can be achieved via the MHLA until transplant
is repeated, eliminating the need for a long-term drains
[19]. MHLA provides a minimally invasive way to access
the biliary ducts without transversing the transplant liver
parenchyma.

@ Springer

At the authors’ institution, MHLs are consistently
formed in both living and deceased donor liver transplants
with biliary-enteric anastomosis and in some other com-
plicated hepatobiliary surgeries. However, they are not
routinely created for the pediatric population and the
Whipple procedure. Drawing on over 13-year institutional
experience, the authors have developed a stepwise algo-
rithm to diagnose and manage biliary complications in
patients with MHL (Supplemental Figure 1) [4].

The study’s major AEs rate of 1% and procedure-related
mortality rate of 0% align with previously published
studies [4-6]. In case of duodenal/jejunal perforation, early
intervention (withinl3 days of MHL formation), and use of
24-French endoscope by gastroenterology partially



A. Husnain et al.: Percutaneous Biliary Interventions via the Modified Hutson Loop... 1091

contributed to the perforation. Authors suggest at least one-
month interval between MHL creation and MHLA. In
another study with a two-decade experience of percuta-
neous transjejunal biliary access (without MHL), only three
jejunal perforation-related AEs occurred with > 4-French
tracts, but no such complication occurred with sheath
sizes < 12-French [4, 6].

Comparable technical success rates have been reported
for liver transplant patients with biliary-enteric anastomo-
sis undergoing biliary interventions via ERCP and PTC.
(a) Kohli et al. [29]: Technical success rate of 82.8% (24/
29) and 85.7% (6/7) for ERCP and PTC, respectively;
(b) Hammad et al. [30]: 76% and 77% for ERCP and PTC,
respectively in a 71-patient study (28/71 had liver trans-
plants); (c) Chahal et al. [31]: 71% (22/31) rate in patients
undergoing ERCP. A study comparing the safety and
efficacy of MHLA, ERCP, and PTC in patients with bil-
iary-enteric anastomoses is needed to consolidate the role
of MHLA.

The limitations of this study include a) retrospective
nature; b) single-institution study in a center, where mod-
ified Hutson loops are routinely formed (as this is not
routine in most other centers, this might affect broader
applicability); c¢) no direct comparison between PTC and
MHLA; and d) patients with different indications and
underlying diagnoses.

In conclusion, percutaneous MHLA can be safely used
to perform diagnostic and therapeutic biliary interventions
in patients with complex post-surgical biliary anatomy with
biliary-enteric anastomoses. Furthermore, percutaneous
endoscopy owing to direct visualization of biliary system
may improve the success rate of these procedures and
decrease the need for new transhepatic access.
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