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Abstract

Orthotopic liver transplantation (OLT) represents a
major treatment for end-stage chronic liver disease, as
well as selected cases of hepatocellular carcinoma and
acute liver failure. The ever-increasing development of
imaging modalities significantly contributed, over the
last decades, to the management of recipients both in
the pre-operative and post-operative period, thus im-
pacting on graft and patients survival. When properly
used, imaging modalities such as ultrasound, multide-
tector computed tomography, magnetic resonance im-
aging (MRI) and procedures of direct cholangiography
are capable to provide rapid and reliable recognition
and treatment of vascular and biliary complications oc-
curring after OLT. Less defined is the role for imaging
in assessing primary graft dysfunction (including rejec-
tion) or chronic allograft disease after OLT, e.g., hepa-
titis C virus (HCV) recurrence. This paper: (1) describes
specific characteristic of the above imaging modalities
and the rationale for their use in clinical practice; (2)
illustrates main imaging findings related to post-OLT
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complications in adult patients; and (3) reviews future
perspectives emerging in the surveillance of recipients
with HCV recurrence, with special emphasis on MRI.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Complications after orthotopic liver transplan-
tation (OLT) still constitute a significant cause of mor-
bidity and graft loss. Prompt diagnosis is then essential
in order to address patients to most proper treatment
and assure graft and patient survival, especially in the
case of vascular and biliary complications. The review
focuses on: (1) the state-of-the-art role for different
imaging modalities in assessing post-OLT complica-
tions, together with practical recommendations for their
use; and (2) future perspective for quantitative imaging
modalities in non-invasively assessing primary hepatic
complications (for which the role of conventional imag-
ing is still limited), using human C virus recurrence as
the most exemplificative scenario.
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INTRODUCTION

Orthotopic liver transplantation (OLT) represents a ma-
jor treatment for end-stage chronic liver disease, as well
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as selected cases of hepatocellular carcinoma (HCC) and
acute liver failure!”. Because of progressive refinements
in patient selection, surgical technique, organ preserva-
tion and immunosuppressive agents, long-term outcome
after the intervention has significantly improved over the
last decades, with 5-year graft and patient survival rates
of 67% and 74%, respectivelym. The overwhelming evo-
lution of imaging techniques that has occurred in paral-
lel significantly contributed to reducing morbidity and
mortality after OLT"™. Indeed, last generation imaging
techniques have the capability to provide rapid and reli-
able answers to inquiries coming from surgeons, hepa-
tologists, anesthetists and pathologists forming the OLT-
team. In the pre-operative period, imaging is essential in
selecting adequate transplant candidates and planning
surgery, e.g., by defining biliary and vascular anatomy in
living-donors and recipients” or evaluating whether pa-
tients with HCC fulfill the criteria for transplantationm.
In the post-operative period, the main role for imaging
modalities is monitoring patients and assessing early and
late complications, thus significantly influencing post-
OLT management and contributing to increase graft and
patients survival™,

A variety of diagnostic and interventional imaging
modalities are currently available in the field of liver
transplantation. Radiologists and referring clinicians
should be aware of the specific capabilities of each of
them, in order to maximize rapidity and efficacy of the
diagnosis, especially in the case of life- and graft-threat-
ening vascular and biliary complications. Less defined is
the role of imaging in assessing OLT complications pri-
marily affecting the graft, including rejection or hepatitis
C virus (HCV) recurrence. In this papet, we describe and
illustrate the state-of-the-art role for imaging techniques
in evaluating and managing adult patients in the post-
operative period. We also describe future perspectives
in the assessment of primary hepatic complications,
for which the goal of imaging is to replace biopsy with
noninvasive tools. Given the available clinical and radio-
logical evidence, we focus on HCV-infected recipients as
the most exemplificative scenario, with special emphasis
on magnetic resonance imaging (MRI). Because of the
paucity of specific radiological literature, detailed review
of other clinical settings, such as that of human B virus

(HBV)-patients, is beyond the purpose of this paper.

IMAGING MODALITIES IN ASSESSING
POST-OLT PATIENTS

A variety of complications may occur after OLT, as
shown in Table 1. Despite defined characteristics and
time of presentation, complications frequently show a

largely overlapping spectrum of clinical and laboratory
ﬁndingsm. In the early post-OLT period, the most diffi-
cult differential diagnosis is between rejection, which can
be definitively assessed by graft biopsy only, and vascular
and/or biliary complications impairing the graft func-

tion'”. On this basis, the aim of state-of-the-art Imaging is
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Clinical suspicion
US (B-mode + Doppler)
_— mo i el —___

Normal Vascular complications Biliary
Collections-hematoma complications
-abscess
Consider biopsy to MDCT/MDCTA T-tube
exclude PHC cholangiography
Consi °If_ ol + MRI/MRCP
onsider clinical and Interventive angiography
laboratory follow-up
or . Interventive
Percutaneous drainage ERC/PTC
or or
Surgery Surgery

Figure 1 Suggested workflow for the assessment and management of
post-transplant complications. US: Ultrasound; MDCT: Multidetector comput-
ed tomography; ERC: Endoscopic retrograde cholangiography; PTC: Percutane-
ous transhepatic cholangiography; MDCTA: Multidetector computed tomography
angiography; PHC: Primary hepatic complications.

to detect or exclude complications of vascular and biliary
origin, in order to assure prompt treatment and graft sur-
vival. Ultrasound (US), multidetector computed tomogra-
phy MDCT), MRI and procedures of direct cholangiog-
raphy are currently the main imaging tools used for this
purpose. Figure 1 illustrates the imaging workflow used
in our institution to assess post-OLT complications with
the above modalities.

us

The first-line imaging modality to evaluate post-OLT
patients is US, using both grayscale and color Doppler
examination. US is accessible and can be performed at
patient’s bedside, providing a quick evaluation of the
hepatic parenchyma, perihepatic region, biliary tree and
vasculature. On the other hand, US lacks panoramicity
and is affected, especially in the immediate postoperative
petiod, by fixed patient positioning and limited acous-
tic windows (related to bowel gas and surgical dressing
material). Despite these limitations, US was proven to
be accurate and reproducible when performed by skilled
operatorsm. Accordingly, US is used to screen complica-
tions or follow-up minor findings, usually by performing
serial examinations scheduled according to center-specific
protocols™. In our institution, the baseline examination
1s performed within few hours of surgery, followed by
daily controls until hospital discharge. Close US controls
are essential in the surveillance for early graft-threatening
complications, as recently emphasized by some investiga-
torsm, who proposed an implantable continuous Doppler
monitoring device to screen patients for hepatic artery
thrombosis.

B-mode evaluation permits to assess the homogeneity
of graft echotexture and bile ducts caliber, as well as the
presence of perihepatic and intra-abdominal free fluid
or collections. Pulsed and color Doppler examination is
used complementarily to investigate vessels patency and
flow spectra. Emphasis has been placed on correct opti-
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Table 1 Overview of main complications occurring after liver transplantation

Type of complication Prevalence in adult Risk factors Time of onset from OLT
OLT patients
Vascular complications 9%

Hepatic artery complications
Hepatic artery thrombosis 3%-10% Rejection Weeks to months
End-to-end anastomosis
ABO blood group incompatibility
Prolonged cold ischemia time of the graft
Pediatric transplant
Hepatic artery stenosis 2%-10% Rejection Within first 3 mo
Poor surgical technique
Clamp injury
Pseudoaneurysm Rare Angioplasty Variable
Liver biopsy
Focal infection
Portal vein complications 1%-13%
Thrombosis 1%-2% Technical problems during surgery Variable
Stenosis 1% Excessive vessel length Variable
Discrepancy between donor and recipient calibers
Hypercoagulability state
History of previous thrombosis
IVC and hepatic vins complications Rare
Thrombosis and stenosis <1% Size discrepancy between donor and recipient vessels Variable
Suprahepatic caval kinking from liver rotation
Surgical technique
Hypercoagulability state
Compression from graft edema or adjacent fluid collection
Chronic thrombus
Neointimal hyperplasia
Retransplantation
Pediatric OLT
LDLT (hepatic vein stenosis)
Hemorrhage Up to3% Piggyback anastomosis Early from OLT
Biliary complications 11%-30%
Bile leak 4%-5% T-tube displacement or removal (T-tube leak) 1-3 mo
Technical failure during surgery (anastomotic leak)
HAT (nonanastomotic leak)
Ischemic-related injury, immunologically-related injury,
cytotoxic injury induced by bile salts (nonanastomotic leak
in pts. without HAT)
Biliary obstruction - anastomotic Up to 17.6% Roux-en-Y choledochojejunostomy Within 1 yr
strictures Anastomotic leakage
Technical factors
Biliary obstruction - NAS and ITBL 5%-10% HAT (NAS) Within 6 mo (NAS)
Microangiopathic injury (prolonged warm or cold ischemia After 6 mo (ITBL)
times) (ITBL)
Immunogenic injury (ABO incompatibility between donor
and recipient, chronic ductopenic rejection, primitive
sclerosing cholangitis) (ITBL)
cytotoxic injury by bile salts (ITBL)
Stones, casts and sludge 5.70% Anastomotic and nonanastomotic biliary strictures Within 1 yr (casts and sludge)
Presence of T-tube or stent After 1 yr (stones)
Hepaticojejunostomy
Ischemia
Infections
Alteration in bile composition
Primary hepatic complications
Acute cellular rejection Common Immunosuppression Early from OLT
Transplantation for cholestatic disease
Preservation injury

Chronic ductopenic rejection Upto17% Retransplant for chronic rejection 6 wk to 6 mo
Transplant for cholestatic disease
CMYV infection
Low levels of immunosuppression
Other causes of graft dysfunction - Variable Variable

Collections, hematoma, abscess
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Biloma -

Hematoma, seroma -
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Bile leakage
HAT
HAS
Surgical technique

Depends on the cause

Depends on the cause

Abscess - Collections Depends on the cause
Bacteremia
Malignacies
HCC recurrence Rare Selection criteria beyond Milan criteria Years
PTLD 0.0%-2.9% EBV infection Within 1 yr
CMV donor-recipient mismatch
CMYV disease
Data from®****!¢*%*%%l OLT: Orthotopic liver transplantation; IVC: Inferior vena cava; HAT: Hepatic artery thrombosis; NAS Nonastomotic strictures;

ITBL: Ischemic-type biliary lesions; EBV: Epstein-Barr virus CMV: Cytomegalovirus.

mization of Doppler techniquem, using appropriate angle
to provide reliable and reproducible spectra and velocity
measurements. Low wall filter, highest gain without back-
ground noise, and lowest pulse repetition frequency with-
out aliasing are additional basic requirements to maximize
Doppler examination, e.g., in order to detect low flow or
avoiding misdiagnosis of hepatofugal flow™™".

When the interpretation of Doppler studies is incon-
clusive or challenging, contrast-enhanced US (CEUS) has
been advocated as a tool to provide additional, relevant
clinical information in assessing arterial and venous
stenosis and fistulas, liver infarction and necrosis, liver
abscess, hematomas, acute bleeding, and malignancy“oj.
Furthermore, CEUS has been reported to be less sensi-
tive than US to hearth-related artifacts, respiration, or
lack of patients compliance!'. Second-generation per-
fluorocarbon-based contrast agents are currently recom-
mended, since the persistence in the bloodstream exceeds
that of first generation, air-based microbubble contrast
agents“z’m. CEUS has been recommended in the case of
inconclusive Doppler examination of the graft vascula-
ture to reliably assessing hepatic artery thrombosis or ste-
nosis, as well as evaluating the shape and patency of the
caval and portal anastomoses. Alternatively, CEUS may
guide targeted Doppler reassessment of arterial branches
in order to provide ultimate differentiation between
thrombosis and slow flow caused by vasoconstriction or
splenic steal'’. Indeed, microbubbles persisting in the
late phase enhance the Doppler signal, which is of help
in investigating small vessels missed without contrast.
Additional indications to CEUS include: (1) to search for
active bleeding; (2) to exclude perfusion defects when
parenchymal infarction is suspected; and (3) to monitor
the effects of thrombolysis after hepatic artery throm-
bosis"!. Moreover, some authors showed the feasibility
of US-cholangiograms by injecting sonographic contrast
medium into the T-tube!”. Such an approach has been
advocated as a “quick and dirty” evaluation for bile leak-
age at patient’s bedside, showing good image quality and
diagnostic accuracy.

In summary, US/CEUS should be used as the first-
line imaging to screen patients for post-OLT complica-
tions, especially vascular complications such as hepatic
artery thrombosis.

Baishidenge ~ WJG | www.wjgnet.com

MDCT

In post-OLT patients, MDCT is indicated when clinical
and/or US findings ate equivocal ot suspicious for major
complications requiring pre-treatment confirmation. As a
general rule, MDCT should be the second-line modality
of choice for the assessment of vascular abnormalities
and intrahepatic or abdominal complications, both in the
eatly and late post-OLT period“c]. Indeed, Computed To-
mography provides a rapid and panoramic representation
of the whole abdomen (and possibly the thorax) with
high spatial and temporal resolution, thus making pos-
sible to incorporate both angiographic (MDCT angiog-
raphy; MDCTA) and parenchymal studies into a unique
examination session' .

Given the fact that last-generation equipments permit
to scan large body volumes in few seconds, the overall
duration of MDCT' examination is short, which is a fur-
ther advantage in order to obtain rapid diagnosis and bet-
ter image quality in critical and less collaborating patients,
e.g., by reducing respiratory artifacts. Major drawbacks
concerning the use of MDCT are related: (1) to X-ray
exposure, which should be avoided in younger patients
with the need of repeated examinations; and (2) to con-
traindications to 7 administration of iodinate contrast
agents, including renal function impairment and history
of adverse reactions.

In summary, MDCT/MDCTA should be used as
the preferred second-line modality of choice after US in
order to rapidly and panoramically evaluate vascular com-
plications and the effects of vascular complications on
the graft.

MRI

State-of-the-art MRI using 1.5 or 3.0 T magnets is the
preferred noninvasive modality to investigate biliary
complications. For this purpose, magnetic resonance
cholangiography (MRC) technique is required as the core
of an MRI examination. MRC enables a panoramic and
detailed representation of bile ducts, which appear as
markedly hyperintense structures over a low-signal back-
ground. This elective representation is based on heavily
T2-weighted sequences and requires no 7z administration
of gadolinium-based contrast agents, which is of help
in patients with renal function impairment at risk of de-
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Figure 2 T-tube cholangiography. A: The examination performed few days after liver transplant in a 28-year-old female with primary sclerosing cholangitis shows
bile leakage at the anastomotic site (black arrows); B: Fifty-six year-old male recipient. Coronal maximum intensity projection reconstruction from unenhanced multide-
tector computed tomography scan shows contrast medium extravasation in the right subhepatic space, suggesting T-tube rupture (white arrows).

veloping nephrogenic systemic fibrosis (NSF), ze., those
with a glomerular filtration rate lower than 30 mL/min'"”.

Two different techniques are currently available,
namely 3D and 2D MRC, based on volumetric fast spin
echo (FSE) and 2D single-shot FSE (SS-FSE) sequences,
respectively. The 3D technique is acquired during nor-
mal patient respiration, and provides numerous thin
slices with higher signal-to-noise ratio and spatial resolu-
tion as a base for multiplanar reformations ad volumetric
reconstructions' . The 2D technique is acquired more
rapidly, during few and short breath-holds for each thick
slab, thus reducing the effect of respiratory artefacts on
image quality, even if at price of less defined anatomic
det%il, unless higher magnetic field strength is used (3.0
T,

Regardless of the technical variant, whose use de-
pends on institutional preferences and expertise, MRC
has the advantage to noninvasively depict the biliary sys-
tem without direct contrast injection, contrary to what
occurs in direct cholangiography procedures. As a con-
sequence, bile ducts are represented: (1) in their normal
state, rather than artificially dilated by contrast pressure;
and (2) below and above obstruction sites”, thus mak-
ing visible the whole biliary tract, regardless of impaired
contrast passage. Alternatively, MRC can be performed
using a T1-weighted sequence after i» administration of
hepatobiliary contrast agents (gadobenate dimegluime or
gadoxetic acid), that are eliminated at a various amount
through the biliary tree. T1 -weighted approach is use-
ful to complement conventional T2-weighted MRC in
demonstrating bile leakage or in evaluating bileo-digestive
anastomosis and bile cast syndromemj.

One might argue that MRC delays diagnosis when
interventional procedures like endoscopic retrograde
cholangiography (ERC) or percutaneous transhepatic
cholangiography (PTC) are finally needed. However,
a positive MRC examination provides a road map of
the surgically altered biliary anatomy, which is crucial in
planning ERC/PTC or surgery. Additionally, the high
negative predictive value inherent to MRC is useful to
avoid unnecessary invasive procedures in patients with
negative ﬁndingsm]. Disadvantages of MRI/MRC consist

Baishidenge ~ WJG | www.wjgnet.com

in reduced availability, costs and prolonged scan time, es-
pecially when “all-in-one” examinations are required. Im-
age quality may be significantly affected by respiratory or
motion artefacts in more compromised patients, as well
as in the presence of ascites, especially when using MRC.
Finally, it should be kept in mind that, although sensitive
in assessing biliary strictures (accuracy of 92.3%), MRC
tends to overestimate them, especially when evaluated on
maximum intensity projection (MIP)-reconstructions®”.
Stricture assessment should be performed on 2D images
or thin source images when using the 3D technique.

In summary, MRI using MRC is the second-line mo-
dality of choice after US for evaluating suspicious bili-
ary complications. In selected cases (e.g., less compliant
patients), more rapid “quick and dirty” evaluation of the
biliary tree can be performed by MDCT or during inter-
ventive ERC and PTC.

Direct cholangiography procedures

After OLT, a T-tube can be left within the reconstructed
common bile duct for 1 to 3 mo in order to (1) monitor
bile quality and quantity; and (2) perform cholangiogra-
phy examinations. The use of the T-tube has significantly
decreased over the last years. However, if there is a T-tube
in place, T-tube cholangiography can be easily performed
under fluoroscopic or MDCT guidance to demonstrate
biliary leakage in the immediate post-operative period
(Figure 2). According to Singh e# a/”, T-tube cholangiog-
raphy should be preferred over MRC because the disten-
sion of the bile ducts with contrast medium permits bet-
ter stricture analysis and functional assessment. However,
once the tube is removed, alternative imaging methods
must be used.

ERC and PTC provide a panoramic and detail rep-
resentation of both intra- and extra-hepatic biliary tree.
However, these invasive modalities should be avoided for
diagnostic purposes in patients with low clinical suspi-
cion, because of the risk of bleeding, infection and other
complications”*. ERC and PTC are currently indicated
as interventional procedures in the case of biliary ob-
struction, e.g., by removing stones, performing balloon
dilatation or placing stents or biliary drainage'”. When
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Figure 3 Common vascular anatomy after liver transplant on multidetector computed tomography images. Volume rendering reconstruction (A) and curved-
maximum intensity projection (MIP) reconstruction (B) show conventional “fish-mouth” end-to-end anastomosis (arrow) between donor and recipient arterial vessels.
Portal vein (C) is usually reconstructed with an end-to-end anastomosis (arrow) between donor and recipient portal veins, as shown in the coronal MIP reconstruction.
“Piggyback” reconstruction (D) of the inferior vena cava (IVC), in which an end-to-side anastomosis is performed between the donor IVC (arrow) and the common
stump of recipient hepatic veins (arrowheads). The anastomotic site is indicated by the arrow in the coronal MIP reconstruction (E).

feasible, preliminary cross-sectional imaging is recom-
mendable in order to provide a road-map for planning
interventional procedures.

IMAGING FINDINGS IN THE
POST-OPERATIVE PERIOD

The goal of imaging in the post-operative petiod is to
assess eatly and late OLT complications (Table 1). Pre-
liminary to image analysis, some basic information on
surgical technique is needed in order to correctly inter-
pret patients anatomy and imaging findings. Radiologists
should be aware of the type of transplantation (e.g., left/
right split-liver transplant or living donor liver transplan-
tation), type and number of vascular anastomoses (Figure
3) and type of biliary reconstruction (Figure 4). Regard-
ing the hepatic artery, common sites of anastomosis are
the donor junction between hepatic and splenic artery
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Figure 4 Biliary anatomy after liver transplant on magnetic reso-
nance cholangiography images. A: End-to-end anastomosis (arrow)
between the donor common bile duct and the recipient common hepatic
duct, as shown in this coronal T1-weighted magnetic resonance chol-
angiography (MRC) obtained after iv administration of an hepatobiliary
contrast agent (gadoxetic acid); B: In the case of technical challenge, re-
transplantation or primary sclerosing cholangitis as the cause of the trans-
plant, choledochojejunostomy using a Roux-en-Y anastomosis (arrow) is
performed, as shown in this maximum intensity projection reconstruction
from a T2-weighted, 3D MRC examination.

and the recipient branch point of the gastroduodenal and
proper hepatic arteries. It is important to know whether
alternative surgical techniques have been used in vessel
reconstruction, e.g., (1) by interposition of an arterial
jump (usually a donor iliac artery) between the donor he-
patic artery and the recipient aorta”™’; (2) by insertion of
a venous jump (usually, a segment of the donor iliac vein)
between the donor portal vein and the recipient mesen-
teric superior vein™; and (3) by directly anastomosing
the recipient hepatic artery to the donor portal vein'”,
The knowledge of reconstructed anatomy is essential
to correctly identify vascular and biliary structures, and
especially anastomoses, because complications often arise
from these sites.

Normal findings after OLT

Normal post-OLT imaging findings mirror some “physi-
ologic” effects of the surgical procedure. Not surpris-
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Figure 5 Normal postoperative fluid after liver transplant. Coronal (A) and axial (B, C) T2-weighted single-shot turbo-spin echo magnetic resonance images
acquired in a 48 year-old male few days after the intervention show a large fluid collection in the right subhepatic space (arrowheads in A) and a small amount of free
fluid in the perihepatic and perisplenic space (arrowheads in B). It is not infrequent to observe a small fluid collection in the retrohepatic space, around the cavo-caval

anastomosis (arrowheads in C).

T
+ PSV 69.0cm/s
EDV 25.1 cm/s

RI 0.64

Figure 6 Normal findings doppler ultrasound after the transplant. A: Normal hepatic artery waveform shows a rapid systolic upstroke followed by continuous dia-
stolic flow; B: Portal flow is continuous, hepatopetal and monophasic, with mild respiratory variations that may be masked by increased velocity and flow turbulence,
sometimes persisting even in the late post-operative period. PSV: Peak systolic velocity; EDV: End diastolic velocity; RI: Resistance index.

ingly, then, it is frequent to observe small amounts of
right-sided pleural effusion, ascites or free fluid in the
perihepatic region or intersegmental fissure™. Addi-
tionally, small fluid collections and/or hematomas can
be found in the right subhepatic space, as well as along
parenchymal resection margin after split liver-OLT and
LDLT (Figure 5). Owing to the surgical removal of nor-
mal peritoneal reflections, the bared area of the liver is a
typical site for fluid an hematoma accumulation”.
Concerning reconstructed vessels, it is important to
emphasize that Doppler US of the normal hepatic ar-
tery often shows resistive index (RI) greater than 0.80 in
the early postoperative period. Since diastolic velocities
increase over few days from OLT, flow spectra rapidly
normalize to a rapid systolic upstroke with continuous di-
astolic flow, an acceleration time less than 80 ms and a re-
sistive index between 0.5 and 0.7°" (Figure 6). Increased
RI is associated with older donor age and prolonged
ischemia time, although it is not predictive of complica-
tions"' Postoperatlve edema has been interpreted as the
cause for mild narrowing that can be frequently observed
in the early postoperative period along the portal vein
course at the porta hepatic®. Normal portal flow at
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Doppler US is continuous, hepatopetal and with mild re-

spiratory variation”!

, although it is not unusual to observe
high velocity and turbulent flow in the first postoperative
days (Figure 6). Of note, normally reconstructed portal
vein may show mild narrowing at the anastomotic site,
as a consequence of a significant discrepancy in the size
of donor and recipient vessels (Figure 3)[29]. Intrahepatic
postanastomotic helical-like flow can be observed when
the discrepancy in size between donor and recipient por-
tal vein is greater than 50%. In this circumstance, the use
of color Doppler is of help in avoiding the misdiagnosis
of hepatofugal flow™. Sonographic detection of portal
venous gas has been described as a transient, additional
normal finding in the postoperative periodm

Concerning bile ducts, mild anastomotic narrowing
1s a frequent cholangiographic and MRC finding that
should be interpreted as normal, unless biliary dilatation
upstream and symptoms of biliary origin are present
(Figure 4PY In most cases, anastomotic narrowing is
the effect of surrounding edema, resolving during the
first week after OLT". In our experience, anastomotic
narrowing is a common finding, especially in the case of
donor-to-recipient common bile duct disproportion, in
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Figure 7 Periportal edema on magnetic resonance diffusion-weighted imaging. Axial b = 500 s/mm?’ diffusion-weighted images acquired on a 54-year-old male
patient show a thin rim of hyperintense signal surrounding intrahepatic portal branches (arrows in Aand B).

which the recipient common bile duct is larger than the
donor hepatic duct™.

Transplantation implies the interruption of normal
lymphatic drainage, causing lymphedema. In the imme-
diate postoperative period, lymphedema manifests with
small reactive lymph nodes in the porta hepatis and por-
tocaval spacem and, more importantly, as periportal ede-
ma*. Periportal edema is better appreciated on CT and
MRI images, presenting as a periportal collar of fluid-
attenuating or high signal intensity on T2- or diffusion-
weighted images, respectively (Figure 7), and should not
be interpreted as a sign of acute rejection™ .

The correlation with the clinical and biochemical sta-
tus of patients is of primary importance in order to avoid
misinterpretation of normal post-OLT" findings. Howev-
er, major criterion in the differential diagnosis with com-
plications is the transient nature, since the above findings

. . . 6
tend to resolve in a few weeks after the intervention'”.

Vascular complications

Hepatic artery thrombosis: The most common and
challenging vascular complication after OLT is represent-
ed by hepatic artery thrombosis (HAT). Because of the
surgical sacrifice of collateral branches originating from
the arterial network surrounding the extrahepatic biliary
tree, the hepatic artery remains the sole blood supply to
the bile ducts””. As a consequence, HAT has a devastat-
ing effect on the biliary epithelium, inducing biliary isch-
emia and necrosis rapidly if untreated. Clinically, HAT is
a potential cause of fulminant hepatic necrosis with graft
dysfunction. However, most patients present with an in-
sidious subacute scenario of mild alteration of liver func-
tion tests, which evolves into a combination of bile leaks
with intrahepatic bilomas formation, anastomotic bile
duct stricture, perihepatic fluid collections, bile peritonitis
and sepsis. Recurrent bacteremia is frequent, being asso-
ciated with bilomas superinfection, intrahepatic abscesses
and nonanastomotic strictures™. Prompt recognition of
HAT is essential, since surgical thrombectomy or throm-
bolysis are frequently ineffective once patients become
sym[};gomatic, thus leading to the need of retransplanta-
tion™ .
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Doppler US is the first-line modality to evaluate HAT,
showing 92% diagnostic accuracy”. Diagnosis is made
when no Doppler signal is found along the hepatic artery
distribution. Of note, a normal hepatic flow detected at
the porta hepatis does not exclude HAT at a different
location™. Tt is then essential to evaluate carefully the
anastomotic site, when possible, and extend Doppler
study to right and left branches of the hepatic artery.
False-positive results at Doppler US have been related to
low cardiac output, arterial spasm or severe parenchymal
edema, whereas false-negative results may be the conse-
quence of flow signal from collateral arteries that have
been formed in the periportal space during subacute or
chronic HAT evolution™”. Collateralization should be
taken into account when Doppler US shows extra-or
intrahepatic “parvus-tardus” flow waveforms similar to
that of significant arterial stenosis, with slowed systolic
acceleration time (> 0.08 s) and RI less than 0.5 In
our experience, collaterals often show dampening of the
systolic peak with normal RI. In doubtful cases, CEUS
was proven to improve flow recognition[43’44], obviating
arteriography in 62.9% of inconclusive Doppler US re-
sults. Hom e# a/* showed 100% sensitivity and specific-
ity using a second-generation perfluorocarbon contrast
agent .

In the case of suspicious or inclusive Doppler US,
MDCTA or magnetic resonance angiography (MRA)
are required to confirm HATY, Thrombus appears as a
filling defect within the hepatic artery or hepatic artery
amputation, associated with intrahepatic infarction areas,
bilomas or abscesses and signs of biliary obstruction in
the case of biliary strictures (Figure 8). In our experience,
MDCTA outperforms MRA both in terms of image
quality, scan duration and feasibility in more compro-
mised patients, in accordance with previous results”"
Digital subtraction angiography is usually reserved to in-
terventional procedures when indicated by clinical condi-
tions and cross-sectional imaging findings.

Other hepatic artery complications: Hepatic artery

stenosis (HAS) is the second, most frequent complication
involving the hepatic artery after OLT. Clinical presenta-
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Figure 8 Sequels of hepatic artery thrombosis in a 28-year-old female patient transplanted for primary sclerosing cholangitis. Coronal maximum intensity
projection reconstruction (A) from multidetector computed tomography (MDCT) arterial angiographic phase shows abrupt interruption of the hepatic artery at the anas-
tomotic site (arrow). The venous phase from the same MDCT examination (B) shows subhepatic and intrahepatic hypoattenuating fluid collections that were shown
to be bilomas at T-tube cholangiography (arrows in C). Magnetic resonance imaging shows rapid evolution to massive liver infarction on axial T2-weighted single-shot
turbo-spin-echo imaging (D), with multiple intra- and extrahepatic biliary strictures on magnetic resonance cholangiography (arrows in E). Patient required urgent re-

transplantation.

tion varies from mild elevation of liver function tests to
severe graft dysfunction™, depending on the degree of
the stenosis. Indeed, worsening stenosis may cause HAT
and/or liver ischemia, which in turn may result in mul-
tiple biliary strictures, sepsis, and graft loss. The major
purpose for imaging is to detect HAS early, in order to
plan proper treatment, Ze., surgical reconstruction or bal-
loon angioplasty depending on the timing from OLT and
the location and length of the stenosis™*, Prompt in-
tervention leads to prolonged patients and graft survival
(about 65% and 56% at 4 years, respectively)[451. Dop-
pler US is the modality of choice for screening patients
postoperatively. Flow alterations in the presence of HAS
include an increase in peak systolic velocity at the site of
stenosis (> 200 cm/s), poststenotic turbulent flow and
parvus-tardus waveform at intrahepatic samples (accel-
eration time > 0.08 s and RIT < 0.5)"!. Park ez a/*” found
that the combination of the parvus-tardus waveform and
a peak intrahepatic arterial systolic velocity < 48 cm/s
provides an increase in specificity and positive predictive
value in the assessment of HAS. MDCTA or MRA with
image reformation and three-dimensional reconstruction
are used to assess the site, extent and severity of the focal
narrowing of the vessel (Figure 9). It has been reported
that MRA tend to overestimate the stenosis, with the risk
of inducing a relatively high false-positive rate!"”

Further complications involving the hepatic ar-
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tery include pseudoaneurysm and arterioportal fistula.
Pseudoaneurysm is a rare event, occurring either at the
anastomosis, typically after angioplasty, or within the
liver as an effect of biopsy, biliary intervention or focal
infection™™", Although found incidentally in most cases,
pseudoaneurysm should be treated promptly with sur-
gery or endovascular approach, since rupture may cause
intraperitoneal bleeding, acute shock and hemobilia or
gastrointestinal hemorrhage via fistula formation™, On
imaging, pseudoaneurysm appears as a cystic structure
abutting the vessel course, showing turbulent, bidirec-
tional or even slow monophasic flow on Doppler UsE,
Every anechoic collection near the hepatic artery should
be carefully evaluated with Doppler US to rule out pseu-
doaneurysm (Figure 10)"". Lesion confirmation is ob-
tained by MDCTA or MRA, which depict contrast distri-
bution within the lesion similar to that of arterial vessels.
Arterioportal fistula is a common sequel of liver biopsies
performed during the first week after OLT. However, ar-
terioportal fistula resolves spontaneously in 90% of cases
after a week”. Fistulas are easily detected on MDCTA,
appearing as early enhancement of a portal branch during
the arterial phase. The supplied parenchyma often shows
a wedge-shaped transient hepatic attenuation difference

(THAD)".

Portal vein thrombosis and stenosis: Portal vein
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Figure 9 Hepatic artery stenosis. Stenosis is visible (arrowheads) on curved thick-multiplanar reformation from multidetector computed tomography angiography (A)

and digital subtraction angiography (B) performed to place a stent.

] l‘ a5

Figure 10 Pseudoaneurysm of the hepatic artery following angioplasty in a 63-year-old male transplanted patient. A: Color Doppler examination shows a cys-
tic formation near the hepatic artery, with a complex flow waveform related to partial thrombosis: high velocity peaks (blood inflow) are followed by diastolic reversal
flow (outflow); B: Pseudoaneurysm has been confirmed by digital subtraction angiography by showing contrast filling.

thrombosis (PVT) has been associated to risk factors
shown in Table 1, but can occur also in the case of
elevated downstream flow resistance (e.g., because of
inferior vena cava stricture) or low portal inflow (usually
because of a steal through persistent portosystemic col-
laterals and/or the splenic vein). Clinical manifestations
of PVT range from absence of symptoms to variceal
hemorrhage, ascites, and graft dysfunction. Symptomatic
cases require thrombolysis or surgery (thrombectomy
or interposition of a venous graft)”. PVT is commonly
detected because of absent flow in the main extrahepatic
trunk at color Doppler US, with or without definite
delineation of an intraluminal echogenic thrombus on
B-mode!”. Partial PVT is less common and with less
clinical significance than complete PVT, and is generally
found incidentally during patients follow-up. The as-
sociation between lack of portal trunk detection, hyper-
trophic hepatic artery and multiple, thin venous vessel at
the porta hepatis suggest the evolution of PVT to cavet-
nomatosis” .

As PVT, portal vein stenosis (PVS) can be clinically
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silent or manifesting with signs of portal hypertension
and graft dysfunction. Stenosis is assessed as hemo-
dynamically significant when a prestenotic/postenotic
pressure gradient larger than 5 mmHg is found on por-
tography. Significant stenosis should be treated with
balloon angioplasty, stenting or even surgery (including
retransplantation in severe cases)™. On Doppler US, the
diagnosis of PVS requites high clinical suspicion, because
of the frequency of caliber discrepancy between donor
and recipient veins mimicking a stenosis. Most sensitive
criteria for PVS are a peak anastomotic velocity > 125
cm/s ot an anastomotic-to-preanastomotic velocity ratio
equal or larger than 3:1°”. Persistance of helical flow,
postanastomotic portal vein dilatation and signs of portal
hypertension are additional signs of PVS.

MDCTA and MRA confidently confirm the diagnosis
of PVT or PVS (Figure 11)*”. In selected cases, transhe-
patic or transjugular portography may be required, eg., to
measure pressure gradients” ",

Inferior vena cava and hepatic veins complications:

May 28, 2014 | Volume 20 | Issue 20 |



GiromettiR et a/. Post-operative imaging after OLT

Figure 11 Portal vein complications on multidetector computed tomography images of the same patient of Figure 8. A: Coronal maximum intensity projection
(MIP) reconstruction shows a significant portal stenosis at the site of end-to-end anastomosis (arrow). Signs of portal hypertension such as splenomegaly and venous
collaterals coexist; B: As shown in the coronal MIP reconstruction, thrombosis occurred after a few days, appearing as a filling defect extending from the superior mes-
enteric vein (arrowheads) to the portal trunk and portal bifurcation (arrow); C: Axial multidetector computed tomography image shows the partial filling defect in the

portal lumen (arrow). R: Right.

Complications of the inferior vena cava (IVC) and he-
patic veins include stenosis and thrombosis, that usually
occur at the site of surgical anastomosis” . Clinical mani-
festations vary from lower extremity edema to Budd-Chi-
ari syndrome, depending on the degree of impairment of
the venous drainage. When the “piggyback” anastomosis
is present, a small but clinically significant risk of hemor-
rhage from cavocaval dehiscence has been reported[56].
Stenosis may be treated with balloon-expandable stents
or angioplasty, whereas thrombosis often requires surgery
ot te-OLT""™. Treatment planning may necessitate he-
modynamic pressure measurements above and below the
obstruction site.

Direct recognition of a focal narrowing of IVC
and/or hepatic veins may be difficult on grayscale US.
On Doppler US, the presence of a stenosis is suggested
by identifying turbulent flow with color aliasing and in-
creased flow velocity. However, caval stenosis can be reli-
ably assessed when a preanastomotic/postanastomotic
velocity gradient of at least 3:1 is found". The detection
of monophasic waveform is a sensitive sign for hepatic
vein stenosis', especially if combined with a pulsatility
index less than 0.45"*". However, this sign lacks speci-
ficity. Reversal of hepatic venous flow is expected in
the case of severe stenosis”. However, the detection of
biphasic or triphasic hepatic vein waveforms is of help
in excluding stenosis®”. Thrombosis can be detected as
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Figure 12 Caval stenosis in a 54-year-old patient. Sagittal
maximum intensity projection reconstruction from multidetector
computed tomography (A) shows a supranastomotic stenosis of the
inferior vena cava (arrow) that is confirmed in the angiogram before
(B) and after (C) stenting. A: Anterior; P: Posterior.

echogenic material within the vessel lumen on B-mode
and absence of flow on Doppler us™,

MDCT and MRI with sagittal and coronal reforma-
tion provide a panoramic representation of IVC and
hepatic veins, and are essential in defining the site and the
extent of stenosis and thrombosis (Figure 12), together
with secondary findings including hepatic vein distention,
hepatomegaly, ascites, and signs of Budd-Chiari syn-
drome (liver mosaic pattern perfusion) and portal hyper-
tension .

Biliary complications

Biliary complications still represent the “Achilles’ heel” of
liver transplant, being the second cause of graft dysfunc-
tion after rejection”. The incidence of biliary complica-
tions is higher in LDLT recipients (14%-32%), especially
under the form of biliary leakage from the resection
margin of the graft®’. Clinical manifestations are often
insidious, being similar to that of rejection, HAT and
infection, and include mild abdominal symptoms, signs
of cholangitis and peritonitis and elevated serum biliru-
bin and liver enzymes”™*". Biliary complications require
prompt recognition because they can lead to graft and/or
patient loss unless propetly treated. Complication follow-
ing choledochocholedochal anastomosis are usually man-
aged with ERC or PTC, eg., by performing balloon dila-

tation, stenting, drainage, or casts/stones clearance. On
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Figure 13 Biliary strictures on coronal maximum intensity projection reconstructions from volumetric magnetic resonance cholangiography. A: Anasto-
motic stricture at the middle third of the extrahepatic bile duct in a 53-year-old female patient, with biliary dilation upstream; B: Anastomotic stricture extended to the

proximal hepatic duct (arrowheads) in a 62 year-old patient with patent hepatic artery.

the contrary, complications following Roux-en-Y cho-
ledochojejunostomy often require a surgical approach!”.

Bile leakage: Leakage is the most common eatly biliary
complication”’] arising either from the T-tube insertion
site (typically after T-tube removal or dislocation) or bili-
ary anastomosis (as a consequence of technical problems
during surgery)”. Less commonly, leakage occurs dif-
fusely from necrotic bile ducts (nonanastomotic leak) in
patients with HAT (up to 89% of cases) or various disot-
ders (Table 1), Cut surface represent the most common
site of bile leak in LTDT donors and recipients™. Small
bile leaks tend to resolve spontaneously and can be moni-
tored over time. On the contrary, larger leaks translate
into biloma formation, with increased risk of superinfec-
tion and sepsis because of post-OLT immunosuppres-
sion. Treatment should be targeted both to large bilomas
(petcuteaneosus aspiration and drainage) and persistent
leaks (transhepatic biliary drainage, stenting, surgical
repair or biliary reconstruction) . When HAT is the
primary cause of bile leakage, retransplantation is often
required.

US, MDCT and MRI detection of free peritoneal
fluid and/or fluid collections (bilomas) on intra-/extra-
hepatic site or along the cut surface in LDTD patients
should raise the suspicion of bile-leakage in the appropti-
ate clinical context (Figure 8). Bilomas ate easily detected
on US as anechoic collections in the perihepatic and
subhepatic space. However, bilomas or intraperitoneal
bile are indirect signs of leak, and are virtually indistin-
guishable from fluid collections and ascites. On the other
hand, direct demonstration of the leak can be difficult
even when using T2-weighted MRC®, "This is why final
diagnosis is often obtained by direct cholangiography
procedures only. Recently, emphasis has been placed
on the use of T1-weighted MRC using hepatospecific
contrast agents” . After i administration, hepatospecific
contrast agents are excreted to a various amount into the
biliary tree, thus having the potential to show the site of
the leak and passage of contrast medium within bilomas
ot perihepatic free fluid. Nonetheless, the degree of bili-
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ary enhancement can be significantly delayed and/or
impaired in patients with decreased liver function. In our
institution, we resetve hepatospecific contrast agents to
patients with total bilitubin equal or less than 5 mg/dL.
Because of low sensitivity (50%) and relatively low speci-
ficity (79%), hepatobiliary scintigraphy has not gained

routine use in diagnosing bile leak”!,

Biliary obstruction: Main sources of obstruction af-
ter OLT include strictures and biliary casts, sludge and
stones. Strictures are anastomotic or nonanastomotic in
nature. Nonanastomotic strictures involve intrahepatic
and/or extrahepatic bile ducts at multiple sites, occut-
ring as a consequence of necrosis with fibrotic reaction
after HAT (properly said nonastomotic strictures; NAS),
or various causes of bile duct injuty in patients without
HAT (Ischemic-type biliary lesions; TTBL) (Table 1)
Regardless of etiology, US is useful (1) to detect biliary
dilatation as an indirect sign of strictures; or (2) to iden-
tify concomitant causes, eg., HAT. However, MRC is the
best noninvasive tool to evaluate the number, site and
extent of strictures, both in eatly and late post-operative
period (Figure 13). Strictures appear as a tight, smoothly
marginated focal zone of decreased signal intensity along
bile ducts”*’, Biliary dilatation upstream is common, al-
though often delayed and less pronounced than expected
based on the degree of the stricture, possibly in relation
with graft-related factors reducing bile ducts compli-
ance!™. NAS and TTBL typically involve the hepatic
confluence, showing thin or absent luminal signal, often
extended to the proximal hepatic duct™. Of note, it is
not infrequent to observe mild biliary dilatation without
strictures in OLT recipients. Nonobstructive dilatation
has been attributed to an increase in basal contraction of
sphincter of Oddi after surgical denervation, and is as-
ymptomatic in most patients"”,

Biliary casts and sludge usually complicate anasto-
motic or nonanastomotic strictures, occurring both at
intrahepatic or extrahepatic bile ducts as the consequence
of bile stasis”. Superimposition of additional strictures
because of progressive fibrotic changes may result in a
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dissemination of strictures associated with interposed di-
lated tracts with casts (biliary cast syndrome)”. On MRC,
biliary casts, sludge or stones appear as anintense filling
defects surrounded by a thin film of hyperintense bile.
Stones can be differentiated from casts and sludge be-
cause they tend to show more round, regular and smooth

i 0 [6:20]
margins = .

Primary hepatic complications

An important group of post-OLT disorders might be
classified as “primary hepatic complications” (PHC).
PHC manifest with graft dysfunction and can be caused
by the following factors: immunological (acute and
chronic rejection, chronic hepatitis, de novo or recurrent
autoimmune disease), viral (recurrent HBV and/or HCV
hepatitis, de novo cytomegalovirus, HBV, HCV, HBV and
other viruses-related hepatitis), toxic (usually drugs-re-
lated) and ischemic (late effects of ischemic and reperfu-
sion injury, manifesting within few days from OL 165601
Among them, major sources of graft loss are represented
by: (1) chronic ductopenic rejection, that typically affects
the graft between 6 wk to 6 mo after transplantation and
occurs in up to 17% of patientsm; and (2) recurrent dis-
ease, exemplified at best by HCV recurrence. PHC can be
a co-manifestation of vascular or biliary complications,
e.g., multiple biliary strictures in recurrent sclerosing chol-
angitis.

Imaging findings lack sensitivity and specificity in
assessing PHC and the effects of therapies[a’s’é]. For ex-
ample, previous attempts to correlate loss of phasicity of
the hepatic vein at Doppler US with acute cellular rejec-
tion showed conflicting results™”. Therefore, imaging
findings overlap with those occurring in normal graftsm.
Recently, Sandrasegaran e al® showed that MRI quanti-
tative evaluation of the graft with DWI has the potential
to assess the presence »s absence of PHC, but further
investigations are needed to consolidate these promising
results. Histological examination of biopsy specimens
is mandatory for diagnosing and monitoring primary
parenchymal complications[wj. Regarding PHC, the main
role for imaging is to exclude those vascular and biliary
complications mimicking rejection and other parenchy-
mal disorders. We’ll discussed below future perspectives
in imaging chronic parenchymal disorders, using HCV
recurrence as the most exemplificative scenario.

Hepatic and extrahepatic collections, hematoma and
abscess

After OLT, seromas and hematomas are a frequent find-
ing near areas of vascular anastomosis (hepatic hilum,
IVC) or the perihepatic/subhepatic space'®. Sonographic
appearance is nonspecific, because the fluid content can
be equally uniformly anechoic, loculated or inhomoge-
neously echogenic due to fibrin septa or separation of
blood componentsl7’1zj. Bilomas have similar location and
appearance on US. MDCT can be useful: (1) in assessing
the hematic content, since acute hematoma is hyperat-
tenuating compared to simple fluid collections, whereas
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older hematomas can show hematocrit level”; and (2 in
excluding active bleeding, Best characterization is provid-
ed by MRI, which shows typical signal intensity patterns
for fluid or hemorrhagic content . However, MDCT
and MRI are rarely needed, since most collections are
self-limiting and without clinical significance, unless they
enlatge or become superinfected.

Abscesses can occur as the result of: (1) bacteremia;
(2) superinfection of a seroma, hematoma or biloma;
and (3) superinfection of liver infarcted area, usually in
patients with HAT or HAS and biliary necrosis (Figure 8).
Features of abscess can be typical on MDCT and MRI,
with focal hypovascular lesions surrounded by a rim of
contrast enhancement (Figure 14) and sometimes intral-
esional gas. On the other hand, imaging findings can be
nonspecific, making percutaneous drainage indispensable
for diagnosis and treatment”.

In the case of seromas, bilomas, hematomas and
abscesses, the main role for imaging is to establish the
site and the amount of the collection in order to plan
or guide interventional diagnostic or therapeutic proce-

dures".

Malignancy: HCC and de novo tumors

OLT is a curative option for HCC. However, the likeli-
hood of HCC recurrence vary according to selection
criteria for OLT: rates of recurrence at 4 years are 10%
for patients with HCC within the Milan criteria, and up
to 60% for patients with HCC outside Milan criteria™
When stringent selection criteria are applied, the recur-
rence rate is not affected by potential tumor underestima-
tion at initial imaging examinations' ", and the survival
rate approximates that of transplanted patients without
HCCP. The risk for recurrence depends on tumor size,
number of lesions, differentiation and the presence of
vascular invasion. Most studies report a median time for
recurrence of 12.3-19.2 mo from OLT"”. Nowadays,
there is no consensus on how to perform imaging sur-
veillance in patients undergoing OLT for known HCC or
in patients with incidental HCC found in the explanted
liver. Recent guidelines provided by the American Asso-
ciation for the Study of Liver Disease and the American
Society of Transplantation suggest to perform abdomi-
nal and chest MDCT every 6 mo for 3 years after OLT.
In the case of recurrent allograft cirrhosis in patients
without previous HCC, abdominal imaging every 6 to 12
mo is recommended!™” though de novo HCC seems to be
extremely rare in this subset of patientsm]. A few imag-
ing studies investigated whether recurrent HCC shows
specific image patterns compared to native HCC. Based
on locations, rates of recurrence were reported to be
1%-23% in the allograft only, 38.5%-53% in extrahepatic
sites, and 31%-38.5% in both allograft and extrahepatic
sites”™. These results have been recently confirmed by
Lee et al””, who showed that the most prominent volume
of recurrent tumor burden occurs near the transplanted
liver (ICV, hepatorenal space and the surgical scar along
anterior abdominal wall), suggesting that surgical ma-
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Figure 15 Recurrence of hepatocarcinoma in a 65-year-old human B virus infected male transplanted patient. On the subtracted arterial phase magnetic
resonance imaging (A) two mildly hypervascular lesions are visible in the extrahepatic region, between the stomach and left diaphragm (arrows). Lesions, that were
histologically confirmed to be hepatocellular carcinoma, show absence of contrast wash-out on the venous phase (arrows in B) and hepatocellular contrast uptake in
the hepatospecific phase (arrows in C). A regenerative nodule with intense contrast uptake is visible in the hepatospecific phase only (arrowhead in C).

nipulation occurring during the OLT may lead to intra-
operative spilling of tumor cells capable to survive years
before growing into detectable nodules. These results are
of interest both in making radiologists aware of studying
specific locations where recurrence is commoner (Fig-
ure 15), and in suggesting that the most frequent way of
HCC recurrence is intra abdominal seeding rather than
hematogenous or lymphatic spread. Concerning meta-
static disease, it most frequently involves the lungs, lymph
nodes, adrenal glands and bone®.

Because of co-existing risk factors (including smok-
ing, EBV infection and inflammatory bowel disease in
patients with primitive sclerosing cholangitis) and the
immunosuppressive therapy, transplanted patients are at
higher risk to develop de #ovo malignancies, with a cumu-
lative incidence increasing with time from OLT (up to
20% at 10 years)'”. Most frequent tumors arising in the
post-OLT period are skin cancers and post-transplant
lymphoproliferative disease (PTLD). Although globally
uncommon (incidence of 0.9%-2.9%), PTLD is a seri-
ous complication[(’g], typically occurring within the first
year from OLT. As detailed elsewhere™, PTLD is a term
encompassing a spectrum of hematologic conditions
ranging from abnormal polyclonal lymphoid hyperpla-
sia to overt monoclonal lymphoma. The majority of
PTLDs consist in B-lymphocyte proliferations activated
by EBV infection; such a proliferation lacks self-limita-
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tion due to immunosuppression. PTLD can manifest: (1)
with a nodal and/or extranodal form involving almost
all organs; and (2) as localized or disseminated disease.
In liver recipients, PTLD is more frequently extranodal
in nature, with intra-abdominal and extrahepatic disease
as the most frequent manifestation. Extrahepatic PTLD
presents as an ill-defined soft tissue mass, typically in-
volving the hepatic hilum and determining encasement
or narrowing of the hepatic artery, portal vein and com-
mon bile duct. The lesion usually is hypoechoic on US,
hypoattenuating on CT and with T1 hypointensity and
mildly T2 hypointensity on MRI"”. Contrast enhance-
ment may be heterogeneous or occur at the periphery
of the lesion™. Liver involvement presents with well de-
fined, hypovascular focal lesions ot, less frequently, with
an infiltrative pattern showing similar US, MDCT and
MRI features than the extrahepatic masses. When small
or large bowel are involved, wall thickening, eccentric
mass, luminal ulceration and perivisceral fat stranding are
common ﬁndings[73]. Imaging plays a pivotal role in the
carly diagnosis of the lesions, assessment of the disease
extent, guiding biopsy and monitoring the treatment re-
sponse”. MDCT is the preferred modality due to ready
availability and panoramicity. CT-positron emission
tomography (CT-PET) also has an important role, be-
ing used in evaluating the response to therapy, especially
when there is need to differentiate residual tumor from
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fibrosis or necrosis’”!

FUTURE PERSPECTIVES IN OLT
IMAGING: MRI IN HCV-INFECTED
PATIENTS

Clinical background

HCV recurrence after OLT is a challenging scenario. In
the western wotld, HCV is the most common indication
for OLT when considering both HCV-related cirrhosis
and HCV-related HCC". Of note, the overall graft and
patient survival rates are 23% lower in HCV-infected
OLT recipients compared to non-HCV infected ones””
This is linked to the invariable recurrence of infection
occurring within the first year from transplantation, as
detectable with histology and HCV RNA levels'®. Re-
current disease translates into chronic liver disease, with
chronic active hepatitis occurring in up to 63% of pa-
tients within 3 years from the diagnosis of re-infection.
Final evolution is represented by graft cirrhosis, that
occurs in a median time of 8-10 years, although up to
30% of patients (so called “rapid progressors”) develop
recurrent cirrhosis more rapidly (3-5 years) . Of note:
(1) cirrhosis evolves faster in HCV-infected patients who
received OLT compared to not-transplanted ones; and (2)
retransplantation in HCV-infected patients shows worse
prognosis than in the non-HCV group'™.

On this basis, re-infected OLT recipients are ad-
dressed to antiviral therapy with the goal of sustained
viral clearance, thus preventing liver-related complica-
tions and allograft loss. There is no consensus about the
timing of antiviral therapy, ze., whether to start antiviral
drugs before or after histological criteria for treatment
are fulfilled””. However, serial liver biopsies remain the
standard of reference in monitoring the effects of infec-
tion and/or therapy by grading necroinflammation and
staging fibrosis associated with chronic liver discase!™.
Currently, antiviral therapy is indicated as soon as early
fibrosis is detected (eg., = 2 over a scale of 4) or in the

resence of moderate-to-severe necroinflammatory activ-
ity™™™ In this setting, special emphasis has been attrib-
uted to the serial assessment of fibrosis, since sustained
virological eradication is associated with fibrosis stabiliza-
tion or regression™,

Current imaging of liver fibrosis in OLT patients

Liver biopsy shows major drawbacks, including morbid-
ity, sampling errors and inter- and intra-observer vari-
ability in histopathologic interpretation. Over the last
years, different serum marker panels, indices composed
of routine laboratory tests or imaging techniques have
been intensively investigated as instruments to quantify
fibrosis noninvasively. The ideal noninvasive tool should
be readily available, reproducible and reliable in assessing
the whole spectrum of fibrosis manifestations. Of note,
conventional imaging has an established role in evaluat-
ing the cirrhotic liver, with US, MDCT and MRI showing
typical and well-known features both in native and trans-
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planted liver™, including alterations of parenchymal ho-
mogeneity and surface, splenomegaly, increase of portal
diameter and so on. On the contrary, there is no cutrrent
indication to assess fibrosis with conventional imaging
modalities, because of nonspecific findings. In the setting
of transplanted patients with HCV recurrence, imaging is
thus demanded to provide additional quantitative infor-
mation compared to conventional studies, with the goal
of replacing biopsy in terms of: (1) early recognition of
recipients with progtession to advanced fibrosis and/or
cirrhosis; (2) early recognition of mild fibrosis; and (3)
monitoring the effects of therapy[ssl.

Transient elastography (TE), a sonography-based tech-
nique providing measures of liver elasticity in response to
mechanical excitation, is the best studied imaging modal-
B+ 'TE (namely, FibroScan®) gained
popularity in European countries because of proven ca-

ity in this setting

pability to noninvasively predict liver fibrosis in a variety
of clinical conditions, including recurrence of HCV in
transplanted patients[gol. In a recent metanalysis by Ade-
bajo ez al’", TE showed pooled sensitivity and specificity
of 83% in detecting significant stage of fibrosis (defined
as stage = 2). Current data suggest that, in HCV re-in-
fected transplant recipients, state-of-the-art TE is a useful
complement to biopsy in order to exclude cirrhosis in pa-
tients (1) not candidates for treatment, thus avoiding un-
necessary biopsies; or (2) who have histological evidence
of advanced fibrosis. The absence of biological effects
makes TE repeatable and safe®™. On the other hand, TE
shows a limited role as an alternative to biopsy for eatly
stages of fibrosis”. Although TE is user-friendly and
reproducible, quantitative cut-off values (1) can be co-
influenced by hepatitis-associated necroinflammatory ac-
tivity or extrahepatic cholestasis; and (2) do not represent
absolute reference values, because of equipment-related
variability[%’gsl. Furthermore, TE results may be affected
by limited operators experience, presence of ascites and
narrow intercostal window'™.,

Nowadays, alternative elastographic techniques are
under evaluation, including (1) acoustic radiation force
impulse (ARFI) approach, which uses short-duration,
high intensity acoustic pulses to mechanically generate
shear waves propagating through the liver; or (2) shear
wave elastography (SWE), that allows a 2D quantitative
clasticity map of the liver in a single US sequence by us-
ing an ultrafast imaging approach. In a recent study by
Crespo et al® the estimation of shear waves velocity
with ARFI was shown: (1) to provide higher technical
successful rate than TE; and (2) to provide a diagnosis of
significant fibrosis (F = 2 according to the Scheuer clas-
sification) as accurate as TE both in transplanted patients
[areas under the curve (AUC) at receiving operating char-
acteristics analysis of 0.867 and 0.902, respectively] and
non-transplanted patients (AUCs of 0.897 and 0.890, re-
spectively). A few data exist on SWE of liver-tranpslanted
patients. According to Yoon ef a/””, this technique has the
potential to realiably detect rejection or recurrent hepati-
tis eatly after OLT (4 wk), both in HCV- and non HCV-
patients.
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In summary, sonography-based techniques evaluating
liver elasticity represent promising tools in the setting of
post-OLT recurrence of HCV, but technical refinements
and larger validation studies are still needed before re-
placing biopsy as the standard of reference.

MRI of liver fibrosis in OLT patients

One might suppose that MRI has no potential role in the
serial assessment of liver fibrosis, being expensive, not
readily available, time-consuming and contraindicated in
patients with metallic devices in the body. A major, ad-
ditional concern is related to the risk of systemic nephro-
genic fibrosis (SNF) in patients with severe renal impair-
ment (GFR less than 30 mI./min) when 7 administration
of gadolinium chelates is indicated"”. Nonetheless, the
advantage underlying MRI is the capability of “all-in-
one” examinations' in which both conventional imaging
and quantitative techniques for fibrosis assessment can
be acquired within a unique imaging session. MRI also
provides panoramic representation of the liver, which in
theory translates into the possibility of performing (1)
multiple quantitative measurements at different liver sites;
or (2) measurements over large regions of parenchyma,
thus reducing the risk of error sampling inherent to the
inhomogeneity of fibrosis distribution. As detailed else-
where™ different MRI techniques have been investigat-
ed in order to assess fibrosis in HCV patients, including
DWI, magnetic resonance elastography (MRE), dynamic
contrast enhanced (DCE) perfusion imaging and MRS.
Nonetheless, there is still a paucity of studies using quan-
titative MRI techniques in the subset of recurrent HCV
transplanted patients.

DWI expresses brownian motion of water molecules
within tissues under the form of the apparent diffusion
coefficient (ADC). ADC is a quantitative index which is
expected to reduce because of the deposition of colla-
gen fibers, glycosaminoglycans and proteoglycans occur-
ring in fibrosis and cirrhosis'™. Several studies confirmed
that the ADC is significantly lower in cirrhotic livers
compared to non-cirrhotic livers””". However, con-
flicting results have been reported, in non-transplanted
subjects, concerning the capability of detecting interme-
diate stages of fibrosis with DWW, According to
one recent study”] although liver ADC shows a trend
to progressive decrease as fibrosis stage increases, ADC
values are not useful for differentiating low-stage from
high-stage fibrosis in patients with chronic liver disease
of different aetiologies. Furthermore, experiences on
animal models"”" or humans"” found that, when cot-
recting DWI estimates for additional phenomena oc-
curring in vivo, e.g., tissue microperfusion, difference in
ADC between normal and fibrotic livers become not
significant, even in the “extreme” case of cirrhosis. To
our knowledge, only one study™ tested DWT in assess-
ing hepatic parenchymal disorders after OLT. Results on
forty-one patients were in line with known limitations
of DWI, since analysis showed no significant correlation
between ADC and histological evidence of viral hepati-
tis, fibrosis or necroinflammation, as well as fat deposi-
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tion and acute and chronic rejection. Nevertheless, ADC
was found to be significantly lowered in patients with
histological abnormalities compared to those with nega-
tive biopsy results, suggesting that DWI might be useful
at least to exclude the presence of primary parenchymal
complications. Of note, an ADC cut-off of 0.98 X 10°
mm”/s was found as acceptably sensitive (78%) in as-
sessing the presence of necroinflammatory score = 3
and fibrosis stage = 2 in a subset of 27 HCV patients,
even if at price of low specificity (58%). Disappoint-
ing results of DWI are probably related to the current
lack of technical standard across different centers and
studies, as witnessed by the absence of absolute refer-
ence values for normal and pathologic ADCs. One
might expected better results by applying the same MRI
sequence, b-values (factors influencing the strength of
diffusion-weightening) and other acquisition parameters,
whose optimization should help in minimizing intra-
and inter-scanner variability affecting DWTI in its present
form. DWI is attractive tool, since it can be performed
in the context of routine MRI examinations with mini-
mal increase in the scan time. Promising results on ani-
mal models"” and humans"" have been obtained by the
application of diffusion tensor imaging (DTT), a techni-
cal variant of DWI in which water molecules motion
1s assessed over multiple, numerous spatial directions.
However, liver D'TT is still technically challenging for ab-
dominal applications. Preliminary experiences should be
consolidated by larger studies.

MRE uses a driver system placed near patients’ right
chest wall, which generates acoustic shear waves passing
through the liver during the acquisition of an MRI phase-
contrast sequencems]. A dedicated software then elabo-
rates waves propagation patterns, providing quantitative
stiffness values throughout the entire liver with high tech-
19" 900d reproducibility””, and no
1 1 non-transplanted
patients, MRE showed promising results by assessing a
significant correlation between liver stiffness and fibrosis
increase, with better results than aspartate aminotransfer-
ase-to-platelet ratio"”. Differently from TE, MRE has
been shown to reliably differentiate between intermediate
stages of fibrosis, ze.,, METAVIR scores FO-F1 versus
F2-F3, F2-F3 us F4, and FO-F1 2 F4""", Using a shear
stiffness cut-off value of 2.93 kPa, Yin e a/'"” found
sensitivity and specificity for detecting all grades of liver
fibrosis of 98% and 99%, respectively. As far as we know,
a few papers investigated the role for MRE in transplant-
ed patients. In a recent preliminary study by Lee e# al""”,
the authors compared the accuracy of MRE and several
biomarkers (aminotransferase-to-platelet ratio, aspartate

nical successful rate
influence of co-existing steatosis

aminotransferase-to-alanine aminotransferase ratio, and
FIBROSpect II) in diagnosing the presence of fibrosis
(METAVIR stage = 1) in 32 OLT recipients with HCV
recurrence. Using a = 3.81 kPa cut-off, MRE performed
better than biomarkers, showing accuracy of 81.3%. By
combining MRE with FIBROSpect II, the overall accu-
racy increased to 92.9%, thus avoiding unnecessary biop-
sies in 22 patients, only 2 of which had fibrosis stage = 1.
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Notably, MRE was used as the guidance to perform liver
biopsy in this study, with the rationale of offering direct
correlation between MRE estimates and tissue sampling;
Perumpail ez al"" showed high success rate of MRI-
guided biopsy in liver recipients, thus emphasizing the
capability of providing tissue sampling from regions of
highest liver stiffness as a method to potentially minimize
sampling errors in assessing liver fibrosis. Despite prom-
ising results, some drawbacks currently affects MRE™",
First, there is a need to determine whether confounding
factors have the potential to increase allograft stiffness
in addition to fibrosis, including edema or changes in
regional blood flow. Second, MRE equipment still needs
standardization among different institutions, as witnessed
by the lack of definite reference values for different stag-
es of fibrosis.

CONCLUSION

Imaging has a pivotal role in assessing vascular and bili-
ary complications after OLT. Doppler US, MDCTA and

MRC are the most useful imaging tools in order to pro-

vide rapid and reliable diagnoses, as well as a road-map to
minimize the morbidity associated with interventional or
surgical procedures. Technique optimization, knowledge
of post-surgical anatomy and knowledge of clinical char-
acteristics of main complications are essential in order
to interpret images and address patients to proper man-
agement. Less defined is the role for imaging in those
complications primarily arising from liver parenchyma,
including rejection and other forms of graft dysfunction
requiring biopsy for final diagnosis. Recurrence of HCV
is a challenging clinical scenatrio emphasizing the need to
go beyond conventional imaging with functional, nonin-
vasive modalities of graft assessment like TE, DWI and
MRE. Intensive research and technical development atre
still needed to achieve the ideal goal of imaging patients
with “all-in-one” examinations capable to answer differ-
ent inquires efficiently.
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