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Background: When BA patients with end-stage liver dysfunction have bowel obstruction, especially strangulated internal
hernia, selecting optimal surgical therapeutic options is crucial.

Case Report: An 11-month-old female with end-stage biliary atresia (BA) was admitted for a strangulated internal hernia at
the Roux-en Y limb and frequent episodes of gastrointestinal bleeding requiring blood transfusion. She was
scheduled within a manth ta receive a partion of the liver fram her blood-type identical mother. Despite inten-
sive care, her clinical condition obviously needed a prompt surgical intervention. The operative findings at lap-
arotomy revealed exudative moderate ascites and a dilated and ischemic afferent loop that was strangulated
by a band extending from the mesentery to the transverse mesocolon. The attachment of the band was re- -
leased, and gangrenous changes were recognized in the incarcerated bowel, although there were no obvious
findings of intestinal perforation. After the gangrenous afferent loop was resected, the remnant afferent loop
was too short to anastomose again. Following these procedures, as the patient’s vital signs remained stable,
we decided to simultaneously perform living donor liver transplantation (LDLT). She successfully underwent
LDLT and her post-transplant course was uneventful.

Conclusions: When faced with candidates for LT as an urgent life-saving surgery, determining whether LDLT should be per-
formed simultaneously during perioperative management is necessary to save the life of the patient.
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Postoperative bowel obstruction continues to be the most com-
mon complication after laparotomy [1]. Strangulated internal
hernia is a lethal condition that can lead to gangrene of the
small bowel, with septic shock if not appropriately treated in
time [2]. Biliary atresia (BA) is a leading indication for pediatric
liver transplantation (LT), and patients with BA who undergo
portoenterostomy after birth have a risk of bowel obstruction
[3]. The need for relaparotomy for bowel obstruction is report-
ed in approximately 10% of patients who undergo portoenter-
ostomy [4]. When BA patients with end-stage liver dysfunction
have bowel obstruction, especially strangulated internal her-
nia, selecting optimal surgical therapeutic options is crucial.

We herein present the case of a patient with BA complicated
by a strangulated internal hernia at the Roux-en Y limb who
successfully underwent LDLT.

Report

An 11-month-old female weighing 6.7 kg was transferred to
our institute with disordered consciousness requiring intuba-
tion due to gastrointestinal bleeding. At 5 months of age, the
patient was diagnosed with BA and portoenterostomy was
performed at a local hospital. However, her clinical condition
had not improved, and she exhibited growth failure (weight
z-score: —2.1) and frequent episodes of gastrointestinal bleed-
ing requiring blood transfusions, with a pediatric end-stage
liver disease score of 17 [5]. The patient was referred to our
institute with an indication for LT, which was scheduled with-
in a month by receiving a portion of the liver from her blood-
type identical mother.

The patient was admitted to the emergency room due to ab-
dominal distension. Enhanced computed tomography (CT)
demonstrated dilated loops of intestine with wall thicken-
ing suspicious of bowel obstruction at the Roux-en Y limb. CT
also revealed narrowing of the portal venous trunk with de-
veloped collateral vessels (Figure 1). Abdominal Doppler ultra-
sound revealed a decreased portal venous flow and an accel-
erated hepatic arterial flow in the hilum of the liver. Over the
course of the next 6 hours, despite the administration of gas-
trointestinal decompression using a nasogastric tube, the pa-
tient’s abdominal distension worsened, with ascites formation
and further progression of dilated intestines. Therefore, the
patient’s clinical condition required prompt surgical interven-
tion. A pre-operatively laboratory evaluation showed total se-
rum bilirubin 7.25 mg/dl, aspirate aminotransferase 95 1U/I,
alanine aminotransferase 51 IU/l, albumin 3.0 g/d|, and inter-
national normalized ratio of prothrombin time 1.24. Because
the patient’s mother had been assessed to become a living
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Figure 1. Enhanced abdominal computed tomography
demonstrated dilated loops of intestine with
wall thickening at the Roux-Limb (white arrow)
and narrowing of the portal venous trunk (white

arrowhead).

“igure 2. The operative findings at laparotomy revealed a dilated
and ischemic afferent loop that was strangulated by a
band (white arrow) extending from the mesentery to
the transverse mesocolon.

donor without any medical problems, LDLT was considered as
a surgical option.

The operative findings at laparotomy revealed exudative mod-
erate ascites and a dilated and ischemic afferent loop that was
strangulated by a band extending from the mesentery to the
transverse mesocolon (Figure 2). The attachment of the band
was released, and gangrenous changes were recognized in
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the incarcerated bowel, although there were no obvious find-
ings of intestinal perforation. After the gangrenous afferent
loop was resected, the remnant afferent loop was too short
to anastomose again. Following these procedures, because
the patient’s vital signs remained stable, we decided to si-
multaneously perform LDLT. A liver graft left sector weighing
256 g, representing 3.82% of the graft-to-recipient weight ra-
tio, was procured. The operation employed a standard LDLT
technique, and portal vein anastomosis was performed with
the branch patch technique, because a sufficient hepatope-
tal flow was obtained following devascularization of the col-
lateral vessels. The operation lasted 8 hours and 25 minutes,
with a blood loss of 73.5 ml/kg. The explanted liver showed
marked cholestasis with intrahepatic bile duct proliferation,
fibrosis, and cirrhosis, which were consistent with extrahe-
patic biliary atresia. Immunosuppressive treatment was initi-
ated with tacrolimus and low-dose steroids. As the presence
of Streptococcus oralis in a blood culture collected at the time
of admission was confirmed on postoperative day 2, antimi-
crobial therapy with vancomycin and piperacillin-tazobactam
was therefore cautiously continued for 10 days after LDLT. The
patient’s postoperative course was uneventful, except for an
episode of a graft rejection, and she was discharged on post-
operative day 42 without any surgical complications. She was
found to be doing well 1 year after the LDLT.

The present patient developed several medical problems be-
fore undergoing LDLT, which complicated our decision-making
regarding the optimal surgical therapeutic options; specifical-
ly, whether LDLT should be performed simultaneously. The pa-
tient’s primary medical problem was deterioration in the liver
function, which resulted in poor portal flow, gastrointestinal
bleeding, and malnutrition. Long-term fasting for LDLT because
of gastrointestinal bleeding is too invasive for unstable patients
and can result in a high mortality rate [6]. Post-transplant im-
munosuppression, as well as preoperative malnutrition, can
increase the risk of bacterial infection following LDLT [7]. On
the other hand, in the operative findings at laparotomy, the
entire afferent loop had become gangrenous. In this situation,
external biliary drainage through the previous Roux-en'Y limb
with or without resection of the gangrenous intestines and
redo hepatic portoenterostomy were considered as the other
therapeutic option. However, the possibility of bacterial trans-
location from the gangrenous intestines was high enough to
trigger sepsis and there is a high complication rate after redo
hepatic portoenterostomy under such severe end-stage liver
disease (ESLD). Moreover, among patients with a strangulat-
ing obstruction, intestinal perforation can occur more readily
and severely in those with ESLD [8]. In the present case, the
patient’s vital signs were stable during surgery, and there were

no findings of intestinal perforation; therefore, LDLT was per-
formed simultaneously rather than at a second surgery, with
careful consideration of the patient’s chances for survival be-
tween these 2 therapeutic surgeries. Because the patient’s
mother had been assessed to become a living donor without
any medical problems, LDLT was considered to achieve timely
surgical intervention in this case; nevertheless, other types of
surgical intervention should have been considered. Regarding
infection control after LDLT, unfortunately, our patient had a
positive blood culture collected before LDLT. However, the pa-
tient did not have any infectious complications after the proce-
dure due to the administration of appropriate antibiotic thera-
py proposed by infectious disease specialists. For such unstable
patients with immunosuppression, daily consultations with
infectious disease specialists are crucial. Moreover, bacterial
cultures should be performed promptly when any suspicious
signs of infectious disease are detected, at which time appro-
priate antibiotic therapy must be initiated.

Previous studies have suggested that a decreased portal ve-
nous flow is often observed in patients affected by BA before
LT, which is indicative of a poor prognosis [9]. Patients with BA
often exhibit a sclerotic portal venous trunk due to inflamma-
tion of the hepatoduodenal ligament and recurrent cholangi-
tis, as previously reported in approximately 80% of patients
with BA who undergo portoenterostomy at the time of LDLT
[10]. Technical difficulties in performing portal venous recon-
struction at the time of LT may lead to serious morbidity and
mortality [11]. Moreover, the use of LT in children younger
than 1 year of age is associated with an especially high risk
of morbidity and mortality due to the need for difficult techni-
cal approaches [12]. In the present case, although the preop-
erative radiological findings revealed narrowing of the portal
venous trunk with a decreased blood flow, the portal venous
trunk macroscopically appeared to be patent without sclerot-
ic changes. Portal vein reconstruction was performed using
the branch patch technique with a sufficient hepatopetal flow.

The patient presented herein was able to survive because a
hepatic graft from a living donor was quickly obtained. When
faced with candidates for LT as an urgent life-saving surgery,
determining whether LDLT should be performed simultaneous-
ly during perioperative management is necessary to save the
life of the patient. Selecting optimal surgical therapeutic op-
tions is crucial in patients with strangulated bowel obstruc-
tion at the Roux-en Y limb with end-stage BA.
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Use of Serial Assessment of Disecase Severily
and Liver Biopsy for Indication for Liver
Transplaniation in Pediatric Epstein-Barr
Virus-Iinduced Fuiminant Hepatic Failure

Atsuko Nakazawa,' Naisuko Nakane,'® Akinari Fukuda,” Seisuke Sakamoto,’ Ken-lchi Imadome,’
Toyoichiro Kudo,” Kentaro Maisuoka,' and Mureo Kasahara?®

Departments of 'Pathology, ? Transplant Surgery, and ®Infectious Diseases, National Research Institute for
Child Health and Development, Tokyo, Japan; and *Division of Hepatology. National Center for Child
Health and Development, Tokyo, Japan; and *Department of Pathology, School of Medicine, Tokai
University, Tokyo, Japan

The decision to perform liver transplantation (LT) in patients with Epstein-Barr virus (EBV)—-induced fulminant hepatic failure
(FHF) relies on a precise assessment of laboratory and pathological findings. In this study, we analyzed clinical and laboratory
data as well as the pathological features of the liver in order to evaluate the pathogenesis and the need for LT in 5 patients
with EBV-induced FHF. According to the King's College criteria, the Acute Liver Failure Early Dynamic (ALFED) model, and
the Japanese criteria (from the Acute Liver Failure Study Group of Japan), only 1 patient was considered to be a candidate
for LT. However, explanted liver tissues in 3 cases exhibited massive hepatocellular necrosis together with diffuse CD8-
positive T cell infiltration in both the portal area and the sinusoid. EBV was detected in the liver, plasma, and peripheral blood
mononuclear cells (PBMNCs). In 2 cases indicated to be at moderate risk by the ALFED model, liver biopsy showed CD8-
positive and EBV-encoded RNA signal-positive lymphocytic infiltration predominantly in the portal area, but massive hepato-
cellular necrosis was not observed. These patients were treated with immunosuppressants and etoposide under the diagnosis
of EBV-induced hemophagocytic lymphohistiocytosis or systemic EBV-positive T cell lymphoproliferative disease of childhood.
EBV DNA was detected at a high level in PBMNCs, although it was negative in plasma. On the basis of the pathological anal-
ysis of the explanted liver tissues, LT was proposed for the restoration of liver function and the removal of the EBV-infected
lymphocytes concentrated in the liver. Detecting EBV DNA by a quantitative polymerase chain reaction in plasma and
PBMNCs was informative. An accurate evaluation of the underlying pathogenesis is essential for developing a treatment strat-
egy in patients with EBV-induced FHF. Liver Transpl 21:362-368, 2015. © 2015 AASLD.

Received July 9, 2014; accepted Novemnber 14, 2014,

In the majority of patients with infectious mononucleo- observed. In patients with Epstein-Barr virus (EBV)-
sis, asymptomatic, self-limited hepatic dysfunction, induced fulminant hepatic failure (FHF), massive hepa-
together with mild elevations of serum aminotransferase tocellular necrosis can happen.’™ For such cases, liver
levels (2-3 times the upper limit of normal), is usually transplantation (LT) is imperative to prevent death.**

Abbreviations: ALF, acute liver failure; ALFED, Acute Liver Failure Early Dynamic; D-Bil, direct bilirubin; EBER, Epstein-Barr
virus-encoded RNA signal; EBV, Epstein-Barr virus; EBV-T-LPD, systemic Epstein-Bair virus-positive T cell lymphoproliferative
disease; FHF, fulminant hepatic failure; HLH, hemophagocytic lymphohistiocytosis; JALFSG, Acute Liver Failure Study Group of
Japan; KCC, King's College criteria; LDLT, living donor liver transplantation; LT, liver transplantation; PBMNC, peripheral blood
mononuclear cell; PCR, polymerase chain reaction; PT, prothrombin time; T-Bil, total bilirubin.

This work was supported in part by a grant from the National Center for Child Health and Development of Japan (24-4, 24-8].
Potential conflict of interest: Nothing to report.

Address reprint requests to Atsuko Nakazawa, M.D., Ph.D., Department of Pathology, Natiorial Center for Child Health and Development, 2-10-
1, Okura, Setagaya-Ku, Tokyo 157-8535, Japan. Telephone: +81-3-3416-0181; FAX: +81-3-3416-2222; E-mail: nakagawa-a@ncchd.go.jp

DOI 10.1002/1t.24052
View this article online at wileyonlinelibrary.com.
LIVER TRANSPLANTATION.DO! 10.1002/1t. Published on behalf of the American Association for the Study of Liver Diseases

© 2015 American Association for the Study of Liver Diseases.



LIVER TRANSPLANTATION. Vol. 21. No. 3, 2015 NAKAZAWA ET AL. 363

Although liver grafls are readily available in Japan
because ol a willingness of parents to be donors, liv-
ing donor liver transplantation (LDLT) should be pre-
vented whenever possible because it affects the
quality of life of both the donor and the recipient. A
number of prognostic models have been used to pre-
dict the outcome of acute liver failure (ALF) or FHF
when a consideration for LT is present.*® The most
widely applied models are the King's College criteria
(KCC) and the Model for End-Stage Liver Disease/
Pediatric End-Stage Liver Disease: however, the need
for a better prognostic model remains because each
of those models has its own limitation in terms of
either sensitivity or specificity. Kumar et al.® devel-
oped a new prognostic model, known as the Acute
Liver Failure Early Dynamic (ALFED) model, that is
based on whether the levels of predictive variables
remain persistently high or elevated during the first
3 days of hospitalization. The authors found that
early changes in the prognostic markers predicted
outcomes that were better than the static baseline
levels. The ALFED model was superior to the KCC
and the Model for End-Stage Liver Disease., even
when the 3-day serial values were tfaken into
consideration.”

For patients with EBV-induced FHF, however. the
use of a prognostic model may not be sufficient to
perform a strict and accurate assessment. Liver
biopsy is useful in making a definite decision for LT.
Here, we analyzed clinical and laboratory data as well
as pathological features of the liver to evaluate the
pathogenesis of FHF and the necessity for LT in
patients with EBV-induced FHF.
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PATIENTS AND METHODS

Among 44 pediatric FHF patients transferred to our
hospital for consideration for LT between January
2006 and April 2014, 5 had EBV-induced FHF. All
patients were previously healthy and immunocompe-
tent. No patients had any family history of liver dis-
ease, metabolic disease, immunodeficiency, or
hemophagocytic lymphohistiocytosis (HLH). Clinical
data were collected from the patients’ medical records.

Quantification of EBV DNA in plasma, peripheral
blood mononuclear cells (PBMNCs)., and liver lympho-
cytes was carried out with a real-time quantitative
polymerase chain reaction (PCR} assay with the Taqg-
Man system (Applied Biosystems, Warrington. United
Kingdom) as described elsewhere.” Amplification of
EBV DNA was performed with the ABI-Prism 7500
real-time PCR system (Applied Biosystems) with EBV-
specific primers derived from conserved sequences in
the BALF5 gene encoding the EBV DNA polymerase.
A peripheral blood EBV DNA load > 102 copies/ug of
DNA was considered a significant elevation because
>95% of healthy EBV carriers had an EBV DNA load
below this level.* EBV-infected cells were examined in
each component of liver lymphocytes (ie., CDI19-
positive, CD4-positive, CD8-positive, and CD56-
positive components) with the IMag cell separation
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Figure 1. ALFED scores in 5 cases. The ALFED model is based
on an overall risk score calculated for each case through the
addition of the scores corresponding to their risk factors (hepatic
encephalopathy > grade 2, PT-international normalized ratio > 5,
arterial ammonia> 123 pmol/L, and serum bilirubin> 15 mg/
dL). Originally, the cases were stratified into 3 risk categories on
the basis of the risk factors at admission (day 0) and their
dynamicity over 3 days (day 3) as follows: O to 1, low risk; 2 to 3,
moderate risk; and 4 to 6, high risk. On day 3, case 2 was strati-
fied into the high-risk category, whereas cases 1, 4, and 5
remained at moderate risk. Case 3, who had a score of O on day
3, attained a score of 4 on day 5 and was stratified into the
high-risk category.

system (BD Pharmingen, San Jose. CA} according to
the protocol supplied by the manufacturer.”

Pathological analysis was performed on either the
explanted liver or the biopsied liver tissues. For
immunohistochemistry, antibodies against cytoplas-
mic CD3, CD4, CD8, CD20, CD56, granzyme B, and
perforin were used (Nichirei Biosciences, Tokyo,
Japan). The EBV genome was detected by in situ
hybridization with Epstein-Barr virus-encoded RNA
signals (EBERs; EBER peptide nucleic acid probe,
Dako, Japan). Double staining for CD20 and EBERs
as well as CD45RO and EBERs was performed to
detect the phenotype of the EBV-infected cells. Immu-
noglobulin/T cell receptor clonality assays were per-
formed with BIOMED-2 with formalin-fixed, paraffin-
embedded liver tissues.®

The study was conducted with the approval of the
ethics committee of the National Center for Child
Health and Development (no. 466).

RESULTS
Clinical Findings

All 5 patients were treated with high-dose dexametha-
sone, plasma exchange, and continuous hemodiafiltra-
tion. Cases 1 and 2 were additionally treated with
cyclosporine A for hemophagocytic syndrome. Case 2
was diagnosed with HLH according to the HLH2004
criteria,® but case 1 did not fulfill the criteria. Three
patients (cases 1, 2, and 3) underwent LT: cases 1 and
2 underwent LDLT 15 and 33 days after the initial pre-
sentation, respectively, whereas case 3 received urgent
deceased donor LT 11 days after the initial presenta-
tion. Cases 1 and 3 remained healthy 2 years 4
months and 3 years 7 months after LT. respectively.

Figure 2. Photomicrograph of the explanted liver in case 2. (A)
The explanted liver showed massive hepatocellular necrosis and
extensive lymphohistiocytic infiltrate in the portal and lobular
distribution. Hemophagocytosis was frequently seen (inset). (B)
Infiltrating lymphocytes were predominantly CD8-positive T cells
{left) and EBER-positive lymphocytes (right}). Double staining for
CD45R0O (brown) and EBERs (dark blue) indicated that most of
the EBER-positive lvmphocytes were T cells (inset).

One patient (case 2} died because of allograft failure
resulting from veno-occlusive disease 93 days after LT.
An early determination of the indications for LT was
primarily based on the guidelines proposed by the
Acute Liver Failure Study Group of Japan (JALFSG) in
2011.5 Five variables, namely, the prothrombin time
(PT) percentage, serum total bilirubin (T-Bil), direct bil-
irubin (D-Bil}/T-Bil ratio, platelet count. and liver atro-
phy. were used to calculate the score at the time of
development of hepatic encephalopathy higher than
grade 2. The decision for LT was based on a serial
assessment of the severity of FHF according to the
JALFSG score during the first 5 days of commencing
artificial liver support. The JALFSG score in cases 1, 2,
and 3 remained high and increased during the first 5
days of hospitalization: the scores on day O (on admis-
sion) and day 5 were 2 and 4 for case 1, 5 and 7 for
case 2, and 4 and 5 for case 3, respectively.

For case 4, for which liver biopsy on day 20 after
the initial presentation showed hepatocyte ballooning
without massive necrosis. the diagnosis was EBV-
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TABLE 2. Pathological Features of the Liver in the 5 Patients With EBV-Induced FHF

Case Massive Necrosis Hemophagocytosis Infiltrated Lymphocytes EBV-Infected Cells
1 + + T (CD8 » CD4) » B CD8+ T
2 + + T (CD8) CD8+ T
3 + - T (CD8) CD8+ T
4 - - T (CD8 > CD4) > B CD8+ T
5 = = T (CD8) CD8+ T

Sl

Figure 3. Photomicrograph of the liver biopsy in case 5. (A)
Hepatocytes were swollen, but massive hepatocellular necrosis
was not observed. (B) Atypical lymphoid infiltrate in the portal
area was composed of CD8-positive T cells (left). In situ hybrid-
ization of EBERs revealed both portal and sinusoidal distribu-
tions of the EBV-infected lymphocytes (right).

induced HLH according to the HLH2004 criteria. The
patient was treated with prednisolone, cyclosporine A,
and etoposide. She remained healthy at 4 months.
One patient (case 5), who was diagnosed with sys-
temic Epstein-Barr virus-positive T cell lymphoproli-
ferative disease of childhood (EBV-T-LPD), by liver
wedge biopsy on day 12 after the initial presentation,
was treated with prednisolone, cyclosporine A. and
etoposide. Subsequently, he received high-dose com-
bined chemotherapy and allogeneic bone marrow
transplantation. He remained healthy for 2 years 3
months with no abnormality in familial HLH-
associated genes (perforin, syntaxinll, Muncl3-4,

and Muncl8-2) or SH2D 1A (X-linked lymphoprolifera-
tive disorder-associated gene). Laboratory data for all
5 patients are summarized in Table 1. The JALFSG
scores in cases 4 and 5 were low during the first 5
days of hospitalization; scores on days 0 and 5 were 1
and 2 for case 4 and 1 and 1 for case 5, respectively.

The ALFED scores for the 5 patients from day O to
day 5 are shown in Fig. 1. Case 2 was a high risk on
day 3 and was considered to be a candidate for LT.
Case 3 was a low risk on day 3 but became a high
risk (score 4) on day 5. Cases 1, 4, and 5 remained at
moderate risk from day 3 to day 5. Only case 2 ful-
filled the KCC, whereas the others never fulfilled it at
any time of the clinical course (from admission to
day 5).

Pathological Findings
Explanted Liver

All 3 explanted livers were atrophic, and the weight
was 412 ¢ in case 1, 358 ¢ in case 2, and 600 g in
case 3. The cut surface showed a dark red color. In
cases 2 and 3, massive hepatocellular necrosis was dif-
fused in distribution, and the percentage of hepatocel-
lular necrosis was more than 90%. In case 1,
hepatocyte ballooning was marked, whereas hepatocel-
lular necrosis was patchy in distribution. All explanted
livers showed extensive lymphohistiocytic infiltrate in
both the portal and lobular distributions (Fig. 2A).
Ductular reaction and cholestasis were present. Cen-
tral venulitis characterized by lymphocytic infiltration
was evident. Numerous macrophages were seen in the
parenchyma; hemophagocytosis was seen in cases 1
and 2 (Fig. 2A, inset). Liver lymphocytes were positive
for cytoplasmic CD3, CD8, granzyme B, perforin, and
EBERs. but they were negative for CD4, CD20, and
CD56. EBER-positive lymphocytes were positive for
CD45RO but negative for CD20 (Fig. 2B). In case 1,
CD20 staining highlighted several large B cells, with
scattered CD4-positive T cells observed. T cell clonality
studies revealed monoclonal proliferation in cases 2
and 3, and T cell clonality was not evaluated in case 1.

Liver Biopsy

In cases 4 and 5, although hepatocytes were swollen,
massive hepatocellular necrosis was not observed.
Atypical lymphoid infilirate in the portal area was
composed of small to medium lymphocytes with
hyperchromatic. irregular nuclei (Fig. 3A). Central
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EBV-Induced FHF Treated With LT

TABLE 3.
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venulitis was not identified. Lymphocytes were posi-
tive for cytoplasmic CD3, CD8, granzyme B, perforin,
and EBERs, but they were negative for CD4, CD20,
and CD56. EBER-positive lymphocytes were positive
for CD45RO but were negative for CD20 (Fig. 3B).
Immunostaining of cytoplasmic CD3, CD8, and EBV
by in situ hybridization revealed a sinusoidal distribu-
tion of the lymphocytes. In case 4, CD20 staining
highlighted several large B cells with scattered CD4-
positive T cells that were observed. T cell clonality
studies revealed monoclonal proliferation in cases 4
and 5.

EBV DNA was detected with a real-time quantitative
PCR assay in the CD8-positive T cell component in all
5 liver tissues. The pathological findings in all cases
are summarized in Table 2.

DISCUSSION

EBV infection is an extremely rare cause of ALF and
accounted for only 0.21% of ALF cases in a cohort of
1887 adult patients.® To date, there have been 25
reported cases of EBV-induced FHF or severe ALF,
and they have presented with a mortality rate of 68%
(17 of 25).2%1012 Among the 8 survivors, emergency
LT was performed in 52392 Characteristics of the
8 EBV-induced FHF patients who received LT, includ-
ing the 3 patients in the present study, are summar-
ized in Table 3. All examined cases were positive for
EBERs in liver tissues, which showed extremely high
levels of EBV DNA (10*-10°% in plasma. Currently,
specific- pathological findings for. EBV-induced FHF
are not yet available in the literature.

Notably, all but 1 patient survived and remained
healthy after emergency LT. The patient who died at
93 days after LT (case 2) underwent surgery 33 days
after the initial presentation. The timing of LT in this
case was clearly much later than that in the other
cases (9-15 days from the initial presentation}.

We re-evaluated each of our patients with the KCC
and the ALFED model. According to the KCC and the
ALFED model, only 1 patient (case 2} was regarded as
a candidate for LT. Previously, the KCC were found to
be of limited usefulness for patients with FHF in
Japan. The predictive accuracy of the criteria. as
adopted for the patients seen between 1993 and
1995, was found to be only 55% for the assessment
conducted at the onset of hepatic encephalopathy and
53% for the assessment conducted on day 5 after the
onset of encephalopathy.l?’ Hence, a new set of crite-
ria for use in Japan was established by the ALFSG in
1996 and updated in 2011.° When the prognosis of
patients with a total score of 5 or more was judged to
be death, the predictive accuracy was 0.80. with sen-
sitivity, specificity, positive predictive, and negative
predictive values greater than 0.70 even in the valida-
tion cohort.

According to the ALFED model, case 3 was at low
risk on day 3 but was at high risk on day 5. The
ALFED assessment on day 3 seems to be in line with
the JALFSG criteria on day 5 in Japan where LDLT is
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predominant because the waiting time for a deceased
donor from listing to LT is 2 to 8 days in most coun-
tries. Hence, strategies for patients with a moderate
risk in the ALFED model should be determined on a
case-by-case basis. In case 1., severe coagulopathy
and a low platelet count persisted on day 5, and LDLT
was performed without liver biopsy. On the other
hand. liver biopsy was critical for the determination of
the treatment strategy for cases 4 and 5. Notably,
case 5 was diagnosed with EBV-T-LPD by liver
biopsy, which is a contraindication for LT.

A primary EBV infection often causes infectious
mononucleosis, whereby B cells are infected with EBV
and polyclonal B cell expansion is accompanied by
oligoclonal or monoclonal proliferation of CD8-positive
cytotoxic T cells.'* EBV also triggers secondary HLH.
In EBV-induced HLH, the targets of EBV infection are
CD8-positive T cells and oligoclonally or monoclonally
proliferated T cells, which induce hypercytokinemia
and, in turn, lead to hemophagocytosis and dysfunc-
tion of various organs.'®!® EBV-T-LPD may develop
in association with acute or chronic EBV infections
and EBV-induced HLH. However. differentiating reac-
tive T cell lymphocytosis from EBV-T-LPD can be a
diagnostic challenge. especially in EBV-induced HLH,
because monoclonality analysis alone is unable to
support the diagnosis. Upon the initiation of steroid
or immunosuppressive treatment for EBV-induced
HLH, it can also be difficult to predict if the patient
with EBV-induced FHF will require LT, conservative
treatment for HLH. or aggressive chemotherapy.
Hence, liver biopsy is important not only for the eval-
uation of EBV-T-LPD in EBV-induced HLH but also
for the assessment of potential massive or submassive
hepatocellular necrosis, although there are limitations
of biopsy in terms of the sampling artifact. In cases 4
and 5, the liver biopsies showed CD8-positive T cell
proliferation without massive necrosis, which sug-
gested that LT was not necessary. In these 2 patients,
a high level of EBV DNA was detected in PBMNCs but
not in the plasma, possibly because of EBV-infected T
cells not yet lysed by cytotoxic T cells. On the other
hand, in the 3 patients who received LT, high levels of
EBV DNA were detected in both PBMNCs and the
plasma.

Patients with EBV-induced FHF usually have severe
coagulopathy, which makes biopsy difficult because
of bleeding. As such, many physicians tend to avoid
liver biopsy. To that end, we opted for open liver
biopsy rather than percutaneous and transjugular
liver biopsy because of the limitation of the substan-
tial sampling artifact regarding the extent of hepatic
necrosis. We agree that plural or serial transjugular
liver biopsy would be helpful as an alternative.'” How-
ever, transjugular liver biopsy is not covered by the
national insurance system in Japan. Donaldson et al.
reported that the percentage of necrosis appeared to
have a significant discriminatory prognostic value,
and significantly greater hepatocellular necrosis was
seen in nonsurvivors versus survivors regardless of
the etiology of FHF. Despite that, there were a few

survivors who had liver necrosis greater than 70% in
that study. Because acute hepatocellular injury and
early rapid regeneration are investigated in some
cases, massive necrosis does not necessarily mean a
poor prognosis. In such cases, a model such as the
ALFED model is necessary to decide the ireatment
strategy.

In conclusion, an early and precise assessment of
the pathogenesis of EBV-induced FHF is critical to
determine the next course of treatment. We found
that a serial assessment of the severity of FHF based
on the ALFED score during the first 5 days of com-
mencement of artificial liver support helped to deter-
mine the necessity for LT. Liver biopsy should be
mandatory to assess the pathogenesis of EBV-
induced FHF.
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