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Fig. 2 Histology of a biopsy from patient 4 showed an EBV-related,
CD20-positive, diffuse, large-B-cell lymphoma, which was of
recipient origin, as confirmed by FISH. a Histology showed large-
cell lymphoid proliferation [hematoxylin—eosin (HE) staining; x400)
b In situ hybridization of EBV-encoded small RNA (EBER) was
performed. EBER was positive in several lymphoid cells (x400).
¢ Immunostaining for CD20 revealed that these lymphoma cells were

rejection developed after the treatment, he was still in
complete remission at his 15-month follow-up.

The patient with large mediastinal and pulmonary
masses was intubated and on a mechanical ventilator when
he was transferred to our institution. Six cycles of ritux-
imab and three cycles of cyclophosphamide and prednis-
olone chemotherapy every 3 weeks reduced the size of the
tumors (Fig. 1b), and he was successfully extubated. His
blood EBV load decreased quickly, but for the remaining
mediastinal and pulmonary tumors, he received another
two cycles of rituximab, cyclophosphamide, adriamycin,
vincristine, and prednisolone (R-CHOP) chemotherapy.
A CT scan after these treatments revealed residual medi-
astinal and pulmonary tumors (Fig. 1c). Fluoro-2-deoxy-p-
glucose-positron emission tomography (FDG-PET) CT
revealed abnormal uptake only in the mediastinal tumor
(Fig. 3). We recognized viable tumor cells only in the
mediastinal tumor, which was then removed surgically.
Histological examination of the removed tumor revealed
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CD20 positive (x400). d Lymphoid cell showing an X-Y pattern on
fluorescence in situ hybridization (FISH), indicating that post-
transplantation lymphoproliferative disorder (PTLD) was of recipient
origin because the donor was his mother. The red signal indicates
chromosome Xpl11.1-q11.1 and the green signal indicates chromo-
some Yq12

Fig. 3 FDG-PET CT revealed abnormal uptake (SUV-max 2.0) only in
the mediastinal tumor (arrow) after two cycles of R-CHOP (patient 4).
The residual lung mass showed no abnormal uptake, so the mediastinal
tumor was resected

residual viable tumor cells (Fig. 4). After another two
cycles of CHOP chemotherapy, the patient was in complete
remission when last seen at the 12-month follow-up
(Fig. 1d). None of the patients had immunosuppression
completely withdrawn at their last follow-up.
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Fig. 4 Histology of the
resected mediastinal tumor from
patient 4 showed viable
lymphoma cells surrounded by
ghost cells and capsule (HE
staining)

Discussion

The overall incidence of PTLD in this series at our insti-
tution was 3.8% overall, and 6.4% of the pediatric patients.
PTLD did not develop in any of the adult patients. These
incidences are similar to those reported in other studies that
predominantly analyzed deceased-donor liver transplanta-
tion recipients [7, 11, [12]. The incidence in this series was
slightly higher than that in other recent Japanese studies, in
which LDLT patients were predominantly analyzed [13,
14]. This is probably because our series included early
cases, treated in the 1990s. Two of our PTLD patients
received liver grafts in the mid 1990s and one received
their graft in 2001. The other two patients, who received
liver grafts after 2005, were only 6 months old when they
underwent liver transplantation, which suggests that
younger age at transplantation is a risk factor for PTLD
among pediatric patients, although we could not show that
the age at transplantation was associated with the incidence
of PTLD in this study. One Japanese report suggested
younger age at transplantation as a risk factor for post-
transplantation EBV infection among pediatric recipients
[14].

An important risk factor for the development of PTLD is
the intensity and amount of immunosuppression adminis-
tered to the patient [26]. Although we found no significant
difference, two patients suffered from biopsy-proven cel-
lular rejection and one suffered from repeated episodes
suggesting rejection. Consequently, their steroid therapy
could not be discontinued within 12 months. Induction and
rejection treatments with anti-T-cell antibody, especially

OKT3, and anti-thymocyte globulin increase the risk of
PTLD [9, 27, 28, 29]. Although three pediatric patients
received OKT3 for allograft rejection in our series, PTLD
did not develop in any of them. Interestingly, induction
therapy with anti-IL2 receptor antibody does not seem to
be associated with an increased risk of PTLD [9, 30, 31].
At our institution, 48 adult and 3 pediatric recipients who
underwent transplantation after December 2002 received
induction therapy with anti-IL2 receptor antibody, and
none of them suffered PTLD, which supports the safety of
induction therapy with this antibody. Although some
studies have compared the effects of tacrolimus with those
of cyclosporine A as risk factors for PTLD [9, 27, 32, 33],
there were no differences between the pediatric patients
with and those without PTLD in terms of the calcineurin
inhibitor in our series.

In general, PTLD is characterized by the transformation
of lymphocytes by EBV; therefore, patients who are EBV-
seronegative patients receiving allografts from EBV-sero-
positive donors, resulting in primary EBV infection, are at
10 to 50-fold risk of PTLD development [26, 34, 35, 36],.
This also accounts for the high incidence of PTLD in the
early post-transplantation period in pediatric patients, who
are more often still EBV seronegative at the time of
transplantation. In the present study, four of five cases of
PTLD occurred during the first 2 years after transplanta-
tion. Furthermore, two patients who received liver grafts at
6 months of age suffered PTLD in the first year after
transplantation. Four PTLD patients were EBV seronega-
tive and received liver grafts from EBV-seropositive
donors, although one gastrointestinal PTLD patient was
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EBV-seropositive before transplantation. The measurement
of peripheral-blood EBV levels is helpful for the diagnosis
and monitoring of PTLD, and some studies have also
shown promising results of measuring peripheral-blood
PCR [37, 38, 39, 40, 41]. In our series, all five patients had
high EBV loads when PTLD was diagnosed and their EBV
loads decreased to undetectable or normal control levels
after treatment.

Because PTLD often presents in a nonspecific way if it
is not suspected clinically, it is a major challenge to
diagnose at an early stage. PTLD often presents at ex-
tranodal sites, including in the allograft and gastrointesti-
nal tract [15, 16]. Because the gastrointestinal tract is
frequently involved, gastrointestinal signs and symptoms,
such as diarrhea and bleeding, may lead to a diagnosis of
gastrointestinal PTLD. In the present study, two patients
suffered gastrointestinal PTLD with severe diarrhea, high
fever, and high blood EBV loads. In patients with respi-
ratory symptoms, CT of the thoracic cavity may be
helpful. Pulmonary masses in patients with high blood
EBV loads indicate lung involvement in PTLD, as in our
patient with pulmonary and mediastinal masses. FDG-PET
scanning is becoming an important tool in the visualiza-
tion of malignant lymphomas, especially for detection in
extranodal locations and in post-treatment evaluations [42,
43]. Some studies have found FDG-PET scanning to be
superior to conventional imaging for the staging of PTLD
and evaluation of treatments [44, 45, 46]. In our patient
treated with R-CHOP therapy, FDG-PET clearly differ-
entiated between the residual masses of the vital tumor
and scar tissue. As FDG-PET is also thought to be useful
for the early detection of recurrent PTLD, it was per-
formed as part of the post-treatment surveillance of this
patient.

Two different sources of the lymphocytes involved in
PTLD have been suggested: the recipient and the donor.
Lymphocytes of donor origin are those EBV-positive cells
that have escaped the immune system of the recipient.
Lymphoid cells of donor origin transplanted within the
allograft may undergo proliferation in the tolerant envi-
ronment produced by immunosuppression. PTLD of donor
origin is reportedly localized to the transplanted organ,
whereas PTLD of recipient origin has an extra-allograft
location [47]. It has been suggested that PTLD is usually of
recipient origin in solid organ transplantation recipients [3].
Because it is difficult to biopsy abdominal lymphadenop-
athies and perform digestive endoscopies in young chil-
dren, we could only perform pathological examination in
one patient. This patient was male and received an allograft
from his mother. Histology showed an EBV-related, CD20-
positive, diffuse, large-B-cell lymphoma and FISH analysis
showed an XY pattern; thus confirming that his PTLD of
recipient origin.
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Because of its inherent association with immunosup-
pression, a key feature of PTLD treatment includes the
restoration of a functional immune system in the recipient.
Therefore, initial therapy is aimed at reducing immuno-
suppression in most of the patients. The response rates vary
with some patients achieving complete remission with a
reduction in immunosuppression alone or in combination
with localized therapy, such as radiation or surgery,
whereas others experience progressive disease [20, 48].
Factors that predict failure of reduced immunosuppression
as a single treatment modality include elevated lactate
dehydrogenase levels, organ dysfunction, and multi-organ
involvement [20]. A previous study undertaken at our
institution demonstrated that a reduction in the blood level
of tacrolimus was associated with a reduction in the EBV
load after liver transplantation, and that EBV infection
could be kept asymptomatic when the tacrolimus trough
level was under 3.0 ng/mL [21]. Rituximab is a chimeric
anti-CD20 antibody that has recently been used to treat
lymphoma. Rituximab also displays activity against PTLD
after solid organ transplantation, and response rates of
44-100% have been reported in several studies [49, 50, 51,
52]. A recent phase 2 clinical trial of rituximab for the
treatment of PTLD revealed a response rate of 44% on day
80. This trial included patients whose only previous ther-
apy was the reduction of immunosuppression, but excluded
patients with central nervous system PTLD [23]. Chemo-
therapy with regimens used in lymphoma therapies, such as
CHOP, remains a therapeutic option for patients who do
not respond to immune manipulation or rituximab. PTLD
generally remains chemotherapy-sensitive after progres-
sion or failure to respond to rituximab, when used as the
first-line therapy, and CHOP salvage therapy can achieve
an overall response rate of up to 70% in these patients [53].
To reduce the toxicity of chemotherapy, lower-dose che-
motherapy with cyclophosphamide and prednisone was
evaluated in 36 pediatric patients who had failed to respond
to the first-line therapy, with an excellent overall response
rate of 83% [54]. When PTLD is confined to one site,
radiation and/or surgery can effectively control the local
disease [5]. Surgery and radiation also play roles in man-
aging the local complications of PTLD. Our current treat-
ment algorithm is outlined in Fig. 5. In our series, the
reduction of immunosuppression alone sufficiently con-
trolled PTLD in three patients. This might mean that the
patients received over immunosuppression at the onset of
the disease. Indeed, two of these three patients had suffered
from repeated biopsy-proven rejection, and another patient
was still undergoing steroid therapy at the onset of PTLD
because of repeated episodes suggesting rejection. The
method of reducing immunosuppression improved with
time. We had no criteria upon which to base the appro-
priate immunosuppression doses for our initial two
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Fig. 5 Our therapeutic strategy for post-transplantation lymphopro-
liferative disorder (PTLD). In patients with early or suspected disease,
the initial therapy is reduction of immunosuppression. In patients who
fail to respond or whose PTLD progresses, the addition of rituximab
may sufficiently control the disease. For extensive high-grade disease
or further progression after the initial therapy, chemotherapy, such as
R-CHOP (cyclophosphamide, adriamycin, vincristine, prednisolone,
and rituximab) therapy, is commenced. Surgery is performed when
the disease is localized

patients. Now, reducing the dose of tacrolimus to a level
that maintains the trough below 3.0 ng/mL and with-
drawing steroids is our treatment approach for PTLD,
although rituximab was necessary for one patient with
gastrointestinal PTLD. Because there was no safely
accessible lymph node for biopsy in this patient, it was
possible that his PTLD was a T-cell lymphoma; however,
his symptoms improved and his EBV DNA load decreased
rapidly after the initiation of rituximab. This outcome
suggests that his PTLD was a B-cell lymphoma. Because
rituximab is not very dangerous, its use has been suggested
when there is no safely accessible site for a pathological
diagnosis, especially in pediatric patients. We used che-
motherapy with rituximab followed by surgical resection to
treat our patient with aggressive lung and mediastinal
masses. Complete remission was achieved in all five
patients, with no recurrence to this point.

In summary, we treated five pediatric cases of PTLD
after LDLT. Each case manifested differently and required
different therapeutic approaches, including cytotoxic che-
motherapy. Although PTLD is a life-threatening compli-
cation after liver transplantation, prompt and appropriate
treatment with rituximab and chemotherapy, as deemed
appropriate, can contribute to a good outcome.
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Abstract

Purpose Liver biopsy (LB) is still considered the “gold
standard” for hepatological evaluation, but recently non-
invasive methods have attempted to replace this invasive
procedure. Recently, acoustic radiation force impulse
(ARFI) imaging has been developed as a noninvasive
modality to evaluate the stiffness of tissues. ARFI imaging
theoretically measures liver stiffness of all the segments
independently. The aim of this study was to determine
whether ARFI elastography is a reliable method for pre-
dicting the severity of fibrosis in the post-operative patients
with biliary atresia.

Methods ARFI elastography was performed 21 times in
eight patients with biliary atresia over the last 2 years. At
the same time, we measured serum hyaluronic acid
(H value), which is one of the serum elastic makers, to
compare ARFI versus values in these patients. We obtained
ARFI versus values as the median of S2 to S8 by three
consecutive measurements acquired with a Siemens Acu-
son S2000 (Siemens Medical Systems, Germany).

Results Histological evaluation of fibrosis is graded from
FO (normal) to F4. The normal H value is under 50 mg/dl.
One patient had FO (H value 29.2 mg/dl), four had F1
(H value 11.5-18.1 mg/dl), one had F3 (H value 61.3 mg/
dl), two had F4 (H value 29.2, 112 mg/dl). One patient
with F4 whose ARFI versus value (3.56 m/s) was the
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highest, needed liver transplantation and her liver was
cirrhotic.

Conclusion These findings suggest that ARFI measure-
ment may be a reliable method for predicting the severity
of fibrosis after a Kasai operation.

Keywords Acoustic radiation force impulse (ARFI) -
Biliary atresia - Hepatic fibrosis - Serum hyaluronic acid

Introduction

Progressive hepatic fibrosis (HF) is a hallmark feature of
biliary atresia (BA), the most common indication for liver
transplantation (LT) in patients after a Kasai operation.
However, assessment of HF has not yet been incorporated
into routine post-operative patient care, mostly due to a
lack of reliable noninvasive markers for assessing liver
fibrosis.

Liver biopsy (LB) is still considered the “gold standard”
for hepatological evaluation [1]. However, attempts are
being made to develop reliable noninvasive methods to
replace this invasive procedure. The reason for this is that
LB is usually a stressful procedure for many patients and on
many occasions, insufficient histological material is obtained.
Recently, several noninvasive methods for the evaluation of
liver fibrosis using ultrasound waves such as transient elas-
tography (TE, FibroScan) [2-4], sono elastography (real-time
tissue elastography) [5-7], and acoustic radiation force
impulse (ARFI) [8—12] have been developed.

ARFI elastography is the newest of these noninvasive
procedures used for the assessment of liver fibrosis [8-12],
offered by Siemens and integrated into an ACUSON S2000
ultrasound system. Our recent report by Igarashi et al. [13]
has shown that the fibrosis staging significantly correlates
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with whole liver stiffness as assessed by ARFI, which
enables us to quantitatively estimate the stiffness of liver in
adult patients. ARFI imaging theoretically measures liver
stiffness in each of the segments independently.

There are no reports of attempts to diagnose liver
fibrosis in patients with BA by ARFI imaging. The aim of
this study was to determine whether ARFI elastography is a
reliable method for predicting the severity of fibrosis in
patients with biliary atresia after a Kasai operation.

Materials and methods

ARFI elastography was performed 21 times in eight patients
with biliary atresia over the last 2 years. There were two boys
and six girls. The average age in these patients was 8.8 years
(ranging from 1 to 31, median 4 years old). ARFI was per-
formed, when they all had a Kasai’s procedure, but had not
received a liver transplantion.

ARFI versus values were acquired with a Siemens
Acuson S2000 (Siemens Medical Systems, Germany),
which has been modified to obtain ARFI images. We
obtained ARFI versus values from S2 to S8 (Cuinaud’s
segmentation system) with three consecutive measure-
ments. We chose the median value of these three mea-
surements to represent ARFI versus values of each
segment. The average of ARFI versus value of all segments
was calculated as the ARFI versus value for the whole
liver. Staging of liver fibrosis by ARFI in each patient was
decided on the basis of our previous results in adult patients
with chronic hepatitis [13]. Our co-authors Igarashi et al.
[13] mention that the histological evaluation of fibrosis is
graded from FO (normal) to F4 due to new Inuyama clas-
sification. In their previous study median ARFI versus
value is 1.22 m/s on FO, 1.56 m/s on F1, 1.92 m/s on F2,
2.20 m/s on F3, 2.56 m/s on F4. We have evaluted our
patients with BA using ARFI versus values on basis of their
histological classification.

At the same time, we measured serum hyaluronic acid
(H) value, which is one of the high correlations with a
pathological findings to serum elastic makers, to compare
against ARFI versus values in these patients.

Results

Histological evaluation of fibrosis by ARFI is graded from
FO (normal) to F4 on the basis of our previous findings. The
normal H value is under 50 mg/dl. These data are shown in
Fig. 1. One patient had FO (H value 29.2 mg/dl), four had
F1 (H value 11.5-18.1 mg/dl), one had F3 (H value
61.3 mg/dl), two had F4 (H value 29.2 and 112.0 mg/dl).
She is the youngest girl in the present study. ARFI versus
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Fig. 1 The correlation between ARFI versus value and H value. We
have classified our data using the histological classification, where
fibrosis is graded from FO to F4 due to new Inuyama classification in
our previous paper. In that study,the median ARFI versus value is
1.22 m/s on FO, 1.56 m/s on F1, 1.92 m/s on F2, 2.20 m/s on F3,
2.56 m/s on F4. One patient had FO, four had F1, one had F3, two had
F4

value has not changed in any patient over the past 2 years.
The data of all patitents shown in Fig. 1 were the initial
evaluation in each case. Clinical information is shown in
Table 1. Case 8 whose ARFI versus value (3.56 m/s) was
the highest, needed liver transplantation in the transplanted
hospital later and her liver was histologically cirrhotic.

Discussion

Liver biopsy is the current reference examination for the
assessment of liver fibrosis. Needle liver biopsy removes
only about 1/50,000 of the liver and carries substantial
interpreter errors [14]. Liver biopsy is an invasive proce-
dure with certain unavoidable risks and complications. This
procedure cannot be repeated easily and is not ideal for
following the condition of the liver over the long term.
Therefore, the development of noninvasive tests to assess
hepatic fibrosis has been an active area of research. Several
noninvasive methods have been proposed to stage liver
fibrosis, including biochemical tests and imaging tech-
niques. Among the imaging methods, TE is one of the new
techniques that rapidly and noninvasively measures mean
tissue stiffness. It is largely accepted that hepatic stiffness
is related to the degree of fibrosis. Most clinical studies
have been performed with Fibroscan, which had been used
clinically since 2002 [2, 3]. But, hepatic elastometry with
fibroscan is unsuccessful in the cases with ascites, a narrow
intercostal space, morbid obesity, and progressive hepatic
atrophy [15, 16].

— 320 —



Pediatr Surg Int (2012) 28:869-872 871
Table 1 Summary of ARFI versus value and H value in each case
Case Histology at Kasai Initial evaluation Recent evaluation Present symptom
Age H value ARFI Stage Age H value ARFI Stage  Icteric Ascites Varix
(mg/dl) (m/s) (mg/dl) (m/s)
1 Uncertain 8 29.2 1.07 FO 9 24 1.25 FO — - —
2 F3 3 12,5 1.5 F1 4 115 1.33 F1 - - —
3 F3 3 12.1 1.54 F1 4 - 1.5 F1 — - -
4 F3 4 18.1 1.58 F1 5 303 1.43 F1 - - —
5 Uncertain 31 11.5 1.65 F1 32 37 1.56 F1 - - —
6 Uncertain 17 - 2.02 F3 18 61.3 2.05 F3 - - -
7 F2 3 121 2.9 F4 4 133 2.47 F4 - - +
8 F3 0.8 112 3.56 F4 12 - 3.62 F4 ++ - -
Stage is evaluated using ARFI versus value on the basis of our previous results

Recently, ARFI imaging sono elastography has been
proposed as an alternative method to assess liver elasticity.
ARFI imaging technology involves the mechanical exci-
tation of tissue using short-duration acoustic pulses (push
pulses) in a region of interest chosen by the examiner,
producing shear waves that spread away from the region of
interest, generating localized, micron-scale displacements
in the tissue [14, 17]. Simultaneously, detection waves of
lower intensity than that of the push pulse are generated.
The push pulse uses a few hundred cycles and different
voltage compared to the short cycle B-mode pulse. The
moment of interaction between the shear waves and
detection waves marks the period of time elapsed between
the generating of shear waves and their entire crossing of
the entire region of interest. By recording the shear wave
front at several locations and correlating these measure-
ments with the elapsed time, the shear wave velocity can be
quantified. Generally, the stiffer a region in the tissue, the
greater the shear wave velocity as it travels through this
region [2, 14, 17]. Although needle biopsy evaluates only
1/50,000 of the total volume of the liver, due to the small
volume of the tissue sample, ARFI can evaluate the degree
of hepatic fibrosis in any part of liver.

There are a few reports that have attempted to diagnose
liver fibrosis in post-operative patients with BA using
noninvasive methods to determine the optimal timing of
liver transplantation. Noninvasive methods such as Fibro-
Scan and ARFI are basically stress free for pediatric
patients. We have used ARFI in adult patients with chronic
hepatitis since 2009 [13]. To determine the usefulness of
ARFI in adult chronic hepatitis patients, this previous study
has examined the correlation between biochemical elastic
makers including prothrombin time international normal-
ized ratio (PT-INR), indocyanine green (ICG) R15, hyal-
uronic acid, platelet, type III procollagen N side peptide
(PIINP), type collagen, a2-macroglobulin (02-M), zinc

sulfate turbidity test (ZTT), total bilirubin (T-Bil), aspartate
amino transferase (AST), alanine transaminase (ALT),
albumen, thymol turbidity test (TTT),and haptoglobin [13].
Igarashi et al. [13] have reported the correlation between
liver fibrosis and serum hyaluronic acid as well as ARFI
versus value. ARFI versus value is the most high correla-
tive with their histological findings in these adult patients.

In the present study, we also described the correlation
between ARFI versus value and serum hyaluronic acid,
which is one of the biochemical elastic makers in the
patients with BA. These findings suggest that ARFI mea-
surement may be a reliable method for predicting the
severity of fibrosis after a Kasai operation.

Evaluation of the timing of liver transplantation after
Kasai procedure is important, but difficult to estimate.
Serum hyaluronic acid is one marker used to detect liver
fibrosis noninvasively. Although pediatric liver transplan-
tation is not indicated due to the degree of liver fibrosis, the
symptom of hepatic cirrhosis decreases the quality of life
and leads to liver transuplantation. In our recent series of
ARFI measurement, we suggest that ARFI measurement
may reliably predict the severity of fibrosis after a Kasai
operation without liver biopsy.
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