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Fig. 6 Contrast-enhanced CT scan showed a mass lesion in segment
7 of the liver. The middle panel is a 3D reconstructed image made
from CT scans obtained by a Synapse Vincent instrument (Fujifilm

Medical, Tokyo, Japan). The intraoperative photograph shows the line
of resection for the posterior sectionectomy
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another novel device that contributes to reducing the need
for ligation during liver parenchymal transections, because
it can be used for tissue sealing [11]. Aloia et al. [12]
introduced a two-surgeon technique for hepatectomies to
resect neoplasms in adults, and demonstrated promising
results. Palavecino et al. [13] demonstrated that the mean
intraoperative blood loss was significantly decreased after
the introduction of the two-surgeon technique compared
with other techniques (stapling alone, ultrasonic dissection
alone, saline-linked cautery alone, and the clamp-crush
technique). We previously demonstrated that SLC could be
adapted safely for living liver donor surgery without
injuring either the graft or the remnant liver [14]. With the
introduction of the liver hanging maneuver, which brings

the transection line to just beneath the upper midline
incision with pulling up of the liver [5, 15], to the hybrid
method, parenchymal transection with the two-surgeon
technique can be conducted as well as during open pro-
cedures. As a result, parenchymal transection can be suc-
cessfully completed through the 10- to 12-cm upper
midline incision without additional stress for the surgeon.

The upper midline incision that we adopted for the
hybrid procedure is considered to have several advantages
compared to the right subcostal incision, which was pre-
viously reported for the hybrid method. The upper midline
can avoid muscle disruption and disturbing the sensory
nerve dominating the abdominal wall. Jain et al. [16]
reported the presence of persistent numbness of the
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abdominal skin between the subcostal incision and the
umbilicus in patients who had undergone liver transplan-
tation. Surprisingly, 100 % of the patients (n = 101) had
persistent numbness up to 9 years following liver trans-
plantation. Five percent of these patients developed ther-
mal injuries or blunt trauma complications. According to
the results of a randomized, double-blind trial concerning
midline versus transverse incisions in major abdominal
surgery, although no relevant differences between midline
and transverse incisions were observed for pulmonary
complications, the median length of hospital stay and
incidence of incisional hernias after | year was higher,
and patients showed more wound infections, in the
transverse group (P = 0.02) [17]. Given the development
of the above-mentioned postoperative complications, the
upper midline incision seems to be a more reasonable
approach.

Some authors have reported previously the feasibility of
major hepatectomy using a midline incision, including
living donor hepatectomy [18, 19]. Lee et al. concluded
that the procedure after an upper midline incision was
more difficult in male donors with large fatty livers and
deep truncal cavities. Without randomized, controlled tri-
als, we presently cannot show objective data comparing
our procedure and midline hepatectomy without laparos-
copy. However, laparoscopic mobilization of the liver
under pneumoperitoneum has been reported to be a safe
and effective procedure with a good multidirectional sur-
gical view and a wide working space [1, 20]. Hence, this
virtue of laparoscopic procedure would allow for mobili-
zation of the liver even in patients with deep truncal
cavities, irrespective of the length of the midline incision.
The influence of each patient’s constitution on our tech-
nique seems to be smaller than that on midline major
hepatectomy without a laparoscopic procedure. In this
study, 17 patients (17 %) had a BMI >25, which is the
cutoff value between normal and overweight. Among
these patients, four had a BMI >30, which is considered
obese. We therefore considered that our procedure can be
applied in almost all patients, except those with morbid
obesity accompanied by an extremely thick abdominal
wall.

Furthermore, quick celiotomy and closure of the abdo-
men also were benefits of the upper midline incision [21].
The additional duration of the preparation for laparoscopic
procedure was offset by the rapid opening and closing of
the abdominal incision.

Although the long-term outcomes should be carefully
evaluated, given the aforementioned advantages, in addi-
tion to the safety and feasibility, we consider that our
technique should become more widely accepted as a
standard hybrid method. Moreover, this method does not
require expert laparoscopic surgical skills.
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Abstract

Background Although several reports have shown the
efficacy of a fluorescence navigation system (FNS) with
indocyanine green (ICG) to detect liver malignancies during
hepatectomy, the real accuracy of this procedure is not yet
clear. This study aimed to analyze the actual efficacy of
ICG-FNS in cirrhotic and non-cirrhotic livers.

Methods Ten cirrhotic whole livers explanted from
liver transplant recipients and 23 non-cirrhotic livers
from patients who underwent hepatectomy for various kinds
of liver tumors were investigated with ICG-FNS. All
surgical specimens were analyzed macroscopically and
pathologically.

Results In the patients with a cirrhotic liver, most nodules
illuminated by ICG-FNS were diagnosed as regenerative
nodules pathologically. The positive predictive value was
5.4%. There was a significant difference in positive predic-
tive value to detect malignant liver tumors between cirrhotic
liver and non-cirrhotic liver (5.4% vs 100%, P < 0.0001). In
the non-cirrhotic livers, 11 of 33 (32.4%) tumors were not
recognized by ICG-FNS through the liver surface before
resection. There was a significant difference in the depth
from the liver surface to tumor between illuminated
nodules and non-illuminated nodules (1.5 mm vs 11.6 mm,
P <0.01).

Conclusions It is necessary to know the limitation of ICG-
FNS when detecting liver malignancies in both cirrhotic and
non-cirrhotic livers.
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Introduction

In liver surgery, in order to achieve absolute removal of
tumors, it is essential to recognize even small tumors and
to ensure the accurate surgical margin intraoperatively.
Intraoperative ultrasonography has been the gold standard to
detect liver tumors since it was introduced by Makuuchi
et al. [1]. Recently, several reports have shown the efficacy
of intraoperative navigation surgery using a fluorescence
navigation system with indocyanine green (ICG-FNS)
[2, 3].

Indocyanine green-fluorescence navigation system has
generally been used to detect the sentinel lymph nodes in the
breast [4, 5], gastric [6-8], lung [9, 10], and esophageal
cancers [11] and to intraoperatively assess graft patency in
vascular surgery [12, 13]. The adaption of ICG-FNS was
expanded for hepatobiliary surgery [3, 14, 15]. Ishizawa
etal. [2] reported that fluorescence intraoperative cho-
langiography with ICG is a safe and valuable procedure for
a road map of biliary tract anatomy and identification of
liver tumor through the visualization of the disordered
biliary excretion of ICG in real time. However, the actual
efficacy of ICG-FNS to detect liver tumors is not clear. For
example, false positive detection might occur because
regenerative nodules develop as liver damage progresses
[16]. Also, small tumors located deep in the liver paren-
chyma might not be detected by this procedure.

Therefore, the aim of this study was to evaluate the actual
efficacy of ICG-FNS in cirrhotic or non-cirrhotic liver
separately.
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Table 1 Characteristics of patients with a cirrhotic liver and a non-cirrhotic liver

Cirrhotic liver for LDLT (n = 10)

Non-cirrhotic liver for liver resection (n=23)

Gender (male : female)
Age'

liver disease

liver tumor
Total-bilirubin (mg/dl)*
AST (1uny*

ALT (1u/y

Albumin (g/dl)*
Platetlet (x10*/mm?)*
PT (INR)

ICGRI15 (%)
Child-Pugh score*
MELD score®

6:4
61 (38-72)
HCV:8, HBV:1, alchohol:1
HCC:9
3.2 (0.5-8.8)
52 (30-89)
29 (15-75)
2.6 (2.1-3.8)
64 (23-134)
1.47 (1.07-1.95)
44 (24-70)
9 (5-12)
14 (7-22)

16:7
67.5 (60-90)
HCV:5, HBV:5, NBNC:4, NL:9
HCC:12, metastases:9, CCC:1, Carcinoid: 1
0.8(0.3-1.4)
28 (13-285)
27 (10-100)
4.22.9-5.2)
16.4 (10.8-27.6)
1.00 (0.87-1.13)
1 (2-15)
S5(5-7)

ALT alanine aminotransferase, AST aspartate aminotransferase, CCC cholangiocarcinoma, HBV Hepatitis B virus, HCC Hepatocellular carcinoma,
HCV Hepatitis C virus, /CGRIS5 indocyanine green retention rate al |5 minutes, VR international normalized ratio, MELD score model for

endstage liver disease score, NBNC non-HBV non HCV, NL normal liver, PT prothorombin time

* Median (range)

Materials and methods
Patients

Ten cirrhotic whole livers were obtained from living donor
liver transplant (LDLT) recipients. The original diseases
included hepatitis C virus (HCV)-cirrhosis in eight, hepati-
tis B virus (HBV)-cirrhosis in one, and alcoholic cirrhosis in
one. Patient characteristics are listed in Table 1. In addition,
we evaluated 23 non-cirrhotic liver specimens obtained
from patients who underwent hepatectomy for various kind
of liver tumors (hepatocellular carcinoma [HCC] in 12,
metastasis of colorectal cancer in nine, cholangiocarcinoma
in one, and hepatic carcinoid in one) (Table 1).

Examination methods

As a fluorescence source, we used ICG (Diagnogreen,
Daiichi Sankyo, Tokyo, Japan), which had been intrave-
nously injected before surgery at a dose of 0.5 mg/kg as part
of a routine liver function test. The intervals between the
ICG injection and surgery ranged from 2 days. As a fluo-
rescent imaging tool, we used Photo Dynamic Eye-1I (PDE-
II, Hamamatsu Photonics, Hamamatsu, Japan), which
filtered out light with a wavelength below 820 nm, and 36
light-emitting diodes with a wavelength of 760 nm. The
camera imaging head was positioned between 20 and 30 cm
above the surgical specimen. The marking suture was per-
formed near the site of the illuminated nodules during
10 min while putting the emission of light situation in the
video. Any illuminated nodules clearly visualized from the

liver surface regardless of signal intensity, size and illumi-
nated pattern were marked. The recognition of the illumi-
nated nodules was clarified by two independent surgeons
(TT and IM). Surgical specimens were observed from every
angle, and cut to include each tumor’s maximum diameter
based on gross inspection. After the operation, the number
of the illuminated lesions in the video and the number of the
marking sites were counted and macroscopically analyzed.
In addition, the number of illuminated lesions that were
detected through the liver surface and the number of
identifiable tumors by pathological examination were
analyzed.

Statistical analysis

Results for continuous variables are expressed as the median
(range). The positive predictive value was calculated as the
number of pathological tumors in illuminated nodules. Data
for continuous variables were compared using the Mann—
Whitney U-test. We set statistical significance at P < 0.05.

Results
Efficacy of ICG-FNS to detect HCCs in a cirrhotic liver

The median number of preoperatively detected tumors with
various modalities in the 10 patients with cirrhotic liver was
2 (0-4). However, as shown in Figure 1, the median number
of illuminated nodules was 20 (7-37), and the median
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Fig. 1 The number of detected nodules in a cirrhotic liver. The median
number of preoperative, illuminated, macroscopic, pathological
tumors with cirrhotic liver was, in order, 2 (0-4), 20 (7-37), 16 (3-25),
and 2 (0-8). There were significant differences between preoperative
mors and both illuminated nodules and macroscopic tumor
(P < 0.001). Moreover, there were also significant differences between
pathological tumor and both illuminated nodules and macroscopic
tumor (P < 0.001). *P < 0.05

number of nodules to be macroscopically considered as
tumors was 16 (3-25). The number of pathologically diag-
nosed as tumors was 2 (0-8), so the positive predictive value
was only 5.4% (0-24.2%). The number of false negatives
was 14 (4-17). There were significant differences between
the numbers of preoperatively detected tumors and the
number of both illuminated nodules and those macroscopi-
cally recognized as tumors, as shown in Figure 1 (P<
0.001). Moreover, there were also significant differences
between the numbers of nodules pathologically diagnosed
as tumors and the number of both illuminated nodules and
nodules macroscopically recognized as tumors (P < 0.001).
HCC on the liver surface with ICG-FNS revealed fluores-
cence in Figure 2a. The area that was actually illuminated
was also macroscopically observed as HCC in Figure 2b.
The same part was pathologically diagnosed as HCC in
Figure 2c. However, the other areas that were illuminated
and observed as nodules were diagnosed as regenerative
nodules (Fig. 2d-f).

Efficacy of ICG-FNS to detect malignant tumors in a
non-cirrhotic liver

The median number of preoperatively detected tumors with
various modalities in 23 patients with non-cirrhotic liver
was | (1-4). The median number of illuminated nodules and
nodules macroscopically recognized as tumors was 1 (0-3)
and 1 (1-4), respectively. Finally, the median number of
nodules pathologically diagnosed as liver tumors was 1
(1-4), so that the positive predictive value to detect
malignant tumors was 100%. There were no significant

differences between the groups (Supporting information
Fig. S1). There was a significant difference in positive pre-
dictive value to detect HCC or malignant tumors between
the cirrhotic livers and the non-cirrhotic livers (5.4% vs
100%; P <0.0001). Although some tumors could be
detected from the liver surface (Fig. 3a,b) and positive pre-
dictive value to detect malignant tumors in the non-cirrhotic
livers was 100%, other tumors could not be detected from
the liver surface (11/34, 32.4%). These nodules were finally
recognized after the liver was cut, including tumors
(Fig. 3¢,d) and defined as non-illuminated nodules. There
was a significant difference in the median depth from the
liver surface between illuminated nodules (n = 23) and non-
illuminated nodules (n = 11) (1.5 mm vs 11.6 mm, P < 0.01)
(Fig. 4a). Although there was no significant difference, non-
illuminated nodules tended to be smaller than illuminated
nodules (illuminated nodules, 32.4 mm vs non-illuminated
nodules, 20.7 mm; P =0.058) (Fig. 4b). Furthermore, the
tumor size of almost all non-illuminated nodules located
within 10 mm depth tended to be smaller than 10 mm
(Fig. 4c).

Discussion

Indocyanine green is usually used to directly measure the
actual functional state of the liver [17]. ICG is a water-
soluble, inert compound that is injected intravenously. It
mainly binds to plasma proteins, is taken up by hepatocytes,
and is excreted unchanged into the bile. Moreover, ICG is
known to absorb infrared rays [18]. Lights, and specially
near-infrared light (NIR) in the biological window (700~
900 nm), can be exploited for intraoperative imaging guid-
ance. Tanaka et al. demonstrated that (1) the appearance of
the surgical field is not altered, (2) it is safe, (3) wavelengths
in the 800 nm range penetrate relatively deeply into living
tissue, and (4) there has been a tremendous recent effort in
developing general-purpose NIR fluorophores that can be
conjugated to targeting or other molecules, thus creating
“contrast agents” matched to any desired surgical applica-
tion [19]. Therefore, ICG injection combined with FNS is
widely used to detect sentinel lymph nodes [4-11], because
this technique is convenient and safe for assessing lymph
node status in the oncological field. Recently, adaptation of
ICG-FNS was expanded further to hepatobiliary surgery and
there have been some reports of its capability in detecting
tumors [2, 3]. Furthermore, several reports also showed that
ICG-FNS was effective to check the bile leakage and the
surgical margin [2, 3, 14, 15].

Our team sectioned whole livers with HCC removed
from recipients who underwent living donor liver transplan-
tation and fully investigated them to detect small HCCs
[20]. Generally, hepatocytes have the ability to reproduce by

-100-



202

J Hepatobiliary Pancreat Sci (2014) 21:199-204

Fig. 2 Indocyanine green-
fluorescence navigation system
(ICG-FNS) for patients with
cirrhotic liver and pathological
results. (a) Hepatocellular car-
cinomas (HCCs) on the liver
surface with ICG-FNS revealed
the illuminated nodules.

(b) The area that actually
emitted light was also macro-
scopically observed as liver
tumor. (¢) The same area was
pathologically diagnosed as
HCC. (d) The other areas on
the liver surface in the same
case also revealed the illumi-
nated nodules. (e) The areas
that emitted light were macro-
scopically observed as nodules.
(f) Finally, these areas were
diagnosed as regenerative
nodules

themselves even if the hepatocytes are exposed to disorders.

However, when hepatocytes are exposed to inflammation for

a long time and repeatedly, hyperplasia of the collagen fiber
deposits occurs strongly and many benign nodules, such as
regenerative nodules, in a cirrhotic liver appear surrounded
by collagen fiber in the extracellular matrix. In addition, the
structure of the hepatic lobule is disturbed and the function
of hepatocytes is affected [21]. On the other hand, as

described above, ICG binds to plasma proteins, one of

which is ligandin. Ligandin is the binding protein of ICG
and is uniformly distributed over hepatocytes in a normal
liver. The expression of ligandin deviates with liver damage,
and it is not expressed in areas of necrosis, fibrosis, or severe
inflammation, so that the expression of ligandin becomes
relatively rich in the regenerative area [22]. Finally, the
coloration of ICG is thought to accumulate in the regenera-
tive nodules [16]. In fact, in our series of cirrhotic livers,
many false positive nodules were illuminated, possibly
because of the severe liver function disorder and the biliary
excretion disorders [2, 16, 21, 22]. However, Ishizawa et al.
demonstrated that the signal intensity of the noncancerous
liver parenchyma was higher in patients with an unfavorable
ICG retention rate and in patients who had received the ICG
injection within 24 h before surgery [2]. Although the inter-
val longer than 2 days might be better to obtain a good
lesion-to-liver contrast, especially in patients with advanced
cirrhosis, we routinely perform the ICG test when the
patients were hospitalized generally 2 days before the
operation. Also, the optimal interval between ICG injection
and surgery to detect tumors remains controversial.
Second, we attempted to evaluate liver resection cases
with non-cirrhotic livers. The aim of this study was to
determine whether the fluorescence navigation system was
effective or not to detect tumors. Therefore, we did not

A A

[Hluminated nodule Non-illuminated nodule

(c)

Fig. 3 Indocyanine green-fluorescence navigation system (ICG-FNS)
for patients with liver resection with non-cirrhotic liver. Liver tumors
in illuminated nodules could be observed as illuminated nodules on the
liver surface (a=b); liver tumors in non-illuminated nodules could not
be observed as illuminated lesions on the surface, and finally recog-
nized after the liver was cut including the tumor under ultrasound (US)
guidance (c—-d)

evaluate the illuminated pattern of tumors. However, we
got the same results as Ishizawa’s report concerned with
illuminated pattern of liver tumors (data not shown) [2]. It
was clear that although false positive nodules were not
observed in the non-cirrhotic livers, smaller tumors and
tumors that were located deeper than 10 mm from the liver
surface to tumor were difficult to recognize as illuminated
nodules. Kim etal. have already described that near-
infrared light penetrates human tissues to a depth of
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about 5-10 mm and Ishizawa et al. have also described 2.

that cancer detectability using the fluorescent imaging tech-
nique seems mainly to depend on the depth of the tumors

from the liver surface because of the limited tissue penetra- 3.

tion of near-infrared light [2, 23]. Therefore, in our study,
ICG-FNS was not able to detect tumors located deeper than

10 mm. Possibly, 10 mm is the maximum limit of depth 4
for ICG-FNS to detect tumors. Based on these results, we
suggested that the capability of detecting tumors with ICG-
FNS alone was not sufficient in both cirrhotic and non-
cirrhotic livers.

We conclude that although ICG-FNS have the capability 6.

of detecting tumors and checking the bile leakage and sur-

gical margin, it is necessary to know the limitation of ICG-

FNS when searching liver malignancies in cirrhotic livers or 7
small and deep liver malignancies in non-cirrhotic livers.
Additional modalities including ultrasound should be
adapted for use with this procedure to detect small liver
tumors.
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Supporting information

Additional Supporting Information may be found in the
online version of this article at the publisher’s web-site:

Fig. S1 Number of detected nodules in a non-cirrhotic liver.
The median number of preoperative, illuminated, macro-
scopic, and pathological tumors with non-cirrhotic liver
was, in order, 1 (1-4), 1 (0-3), I (1-4), and 1 (1-4). There
were no significant differences in each group.
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Liver transplantation for HIV/hepatitis C virus

co-infected patients
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Since the introduction of antiretroviral therapy (ART) in
the mid-1990s, AIDS-related death has been dramatically
reduced, and hepatitis-C-virus (HCV)-related liver failure or
hepatocellular carcinoma has currently become the leading
cause of death in HIV/HCV co-infected patients. Liver trans-
plantation may be one of the treatments of choices in such
cases, but the indications for transplantation, perioperative
management including both HIV and HCV treatments, immu-
nosuppression and the prevention/treatment of infectious

complications are all still topics of debate. With the improved
understanding of the viral behaviors of both HIV and HCV and
the development of novel strategies, especially to avoid
drug interactions between ART and immunosuppression, liver
transplantation has become a realistic treatment for HIV/HCV
co-infected patients.

Key words: hepatitis C virus, HIV, liver transplantation

INTRODUCTION

N JAPAN, IN the late 1980s, contaminated blood

production of coagulation factor for hemophilia
caused co-infection of HIV and hepatitis C virus (FHCV).
Actually, greater than 90% of HIV-infected patients have
HCV as well.!

After antiretroviral therapy (ART) was introduced in
the late 1990s, successful control of HIV was achieved
in most cases and death due to AIDS was dramatically
reduced, but HCV-related death due to liver failure or
hepatocellular carcinoma became a serious problem,
not only in Japan, but all over the world.”® In such
cases, liver transplantation (LT) is the only treatment
option to achieve long-term survival, but several modi-
fications of perioperative management are required.
In this review, the outcome and the points of
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management of LT for HIV/HCV co-infected patients
were reviewed.

REPORTED OUTCOME OF LT FOR
HIV/HCV PATIENTS

HE REPORTED OUTCOMES of LT for HIV and HIV/

HCV co-infected patients from Western countries
after the introduction of ART are summarized in
Table 1.7'" In general, most reports concluded that
the results were worse than in the cases with HCV
mono-infection, with a 3-year survival of approximately
60-70%. In Japan, the Tokyo group reported six cases of
living donor liver transplantation (LDLT) between 2001
and 2004, of whom four died." These unfavorable out-
comes are likely related to the difficulties of determining
the indications for LT and of perioperative management,
including HIV/HCV treatment and the prevention and
treatment of infectious complications. Terrault et al.
reported that older donor age, combined kidney-liver
transplantation, an anti-HCV positive donor and a body
mass index of less than 21 kg/m?® were independent
predictors of graft loss.'” After transplantation, several
studies showed that acute cellular rejection was more
frequent and severer in HIV/IHHCV co-infected patients
than that in HCV mono-infected patients, possibly due
to the difficulties in achieving optimal immunosuppres-
sion because of interactions between antiretroviral
agents and immunosuppression.'*'!

17
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Table 1 Outcome of liver transplantation for HIV/hepatitis C virus co-infection

Authors Publication year Country n Patient survival (%)

1 year 3 years 5 years
de Vera et al.” 2006 usa 27 67 56 33
Schreibman et al.® 2007 LISA 15 73 73 -
Duclos-Vallee et al.” 2008 France 35 - 73 51
Terrault et al.’* 2012 LISA 89 76 60 -
Miro et al.'! 2012 Spain 84 88 62 54

SPECIAL ISSUES REGARDING LT
INDICATIONS FOR HIV/HCV CO-INFECTION

ART-related non-cirrhotic
portal hypertension

N HCV MONO-INFECTED patients, LT should be

considered when the patients develop deteriorated
liver function as indicated by a Child-Pugh classifica-
tion of B or C. In HIV/HCV co-infected patients, liver
failure due to HCV hepatitis was generally enhanced
by ART-related hepatotoxicity, especially non-cirrhotic
portal hypertension."™'* Accordingly, not only in cases
with deteriorated liver function but also in class A cases,
the patients can easily develop severe liver dysfunction
suddenly,'*'” so that all HIV/HCV co-infected patients
should be carefully followed up so as not to miss the
chance for LT. Also, Murillas et al. reported that Model
for End-Stage Liver Disease (MELD) score is the best
prognostic factor in HIV-infected patients,'® so that
HIV/HCV co-infected patients may be considered for
LT before MELD score increase to achieve compa-
rable results with HCV mono-infected patients. Several
studies showed the aggressive fibrosis in HIV/HCV
co-infected patients compared with HCV mono-infected
patients,'**° but the mechanism of this aggressive fibro-
sis remains unclear. Recently, transient elastography or
acoustic radiation force impulse imaging to check for
liver stiffness has been introduced as an effective and
non-invasive modality to determine patients’ candidacy
for LT.2!-2

Count of CD4* T lymphocytes

Generally, the count of CD4* T lymphocytes has been
required to be more than 200/uL to perform general
elective surgeries in HIV-infected patients,* but in HIV/
HCV co-infected patients, current studies show that a
count of more than 100/uL is acceptable,®?¢ because
patients generally have portal hypertension which can
cause pancytopenia. In such patients, the ratio of CD4/

© 2013 The Japan Society of Hepatology

CD8 is reported to be a feasible marker to predict
postoperative complications including opportunistic
infections. When the ratio is less than 0.15, the
incidence of infectious complications is significantly
higher.”

Preoperative infections

In regard to latent opportunistic infections that occur
before LT, they are not absolute contraindications
when they can be expected to be controlled.” Infections
regarded as contraindications for LT included uncon-
trollable multidrug resistance HIV infection, chronic
Cryptosporidium enteritis, progressive multifocal leukoen-
cephalopathy and lymphoma.”

MANAGEMENT OF HIV/HCV IN LT

Management of HIV

HE NUMBER OF HIV RNA copies before LT is sug-

gested as an independent risk factor of postoperative
mortality, so that HIV should be controlled sufficiently
before LT.*® Accordingly, in the patients who are under
consideration to receive LT, ART can be safely stopped
before LT because HIV is generally well-controlled for a
long period by ART. After LT, ART should be restarted as
soon as possible because HIV RNA appears at 3-30 days
after ART is stopped,® but the timing of restart of ART
depends on the patient’s condition, including liver func-
tion.*? As long as the liver function has not fully recov-
ered, or partial liver graft such as in LDLT has not
sufficiently regenerated yet, ART cannot be started. Cas-
tells et al. reported in their case-control study that ART
was started at a median of 8 days after LT (range, 4-28
days).*”* In principle, the ART administrated after LT
should be the same as the pretransplant regimen, but
the majority of ART drugs including protease inhibitor
(PI) and non-nucleoside reverse transcriptase inhibitor
(NNRTI) have interactions with calcineurin inhibitors
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(CNI) or mammalian target of rapamycin (mTOR),* so
that the monitoring of blood levels of immunosuppres-
sion is extremely important to avoid infectious compli-
cations or rejection. Currently, a novel HIV-1 integrase
inhibitor, raltegravir (RAL), is expected to be a feasible
drug because it has no interactions with CNI, unlike
other drugs.?*?

Management of HCV

The treatment strategy for HCV in HIV/HCV co-infected
patients is the same as in HCV mono-infected patients.
Combination therapy of pegylated interferon (PEG IFN)
and ribavirin is the standard treatment both before and
after LT. The timing of the induction therapy after LT is
controversial. A Tokyo group proposed early induction
as a preemptive therapy before patients develop
hepatitis,® while several other reports showed favorable
results when the treatment was administrated only
after the development of hepatitis was confirmed by
liver biopsy.*** Theoretically, the treatment should
be started as soon as possible, because in HIV/HCV
co-infected patients, HCV recurrence may be accelerated
in an immunocompromised state.** The novel pro-
tease inhibitor, telaprevir, is currently introduced as an
effective drug to achieve sustained viral response of
70%, even in genotype 1b, with PEG IFN/ribavirin in a
non-transplant setting,*' but this drug is metabolized via
cytochrome P450 as a substrate, as are CNI and various
protease inhibitors of ART for HIV. Close monitoring
of the CNI trough level should be performed, and
although twriple therapy with telaprevir/PEG IFN/
ribavirin is currently reported to be effective to prevent
HCV recurrence after LT in HCV mono-infected cases,
special attention should be paid when this regimen is
adapted in HIV/HCV co-infected patients.

IMMUNOSUPPRESSION

S PREVIOUSLY MENTIONED, many factors includ-

ing ART, anti-HCV treatment and an HIV-related
immunocompromised state make post-LT immunosup-
pressive treatment difficult. Many ART drugs, both PI
and NNRTI, cause instability in the blood concentration
of CNI through the cytochrome P3A4 (CYP3A4)-related
metabolism. Most PI cause the overconcentration of
CNI by inhibiting CYP3A4, while most NNRTI cause
decreased levels of CNI by stimulating CYP3A4.2*2 As
mentioned earlier, RAL is introduced as a key drug in
LT in HIV positive patients, because the metabolism of
this drug is not related to CYP450, so it does not affect
the blood concentration of CNI. Several reports have

Liver transplantation for HIV/HCV co-infection 19

demonstrated both the in vitro and in vivo effectiveness
of rapamycin in reducing HIV replication,”** and Di
Benedetto etal. found that rapamycin monotherapy
was significantly beneficial in long-term immunosup-
pression maintenance and HIV control after LT.*
Mycophenolate mofetil is expected to be an effective
immunosuppressive drug because of its efficacy in
reducing HIV infection by both virological and immu-
nological mechanisms.””"* Using these drugs, a more
effective regimen of immunosuppression with ART may
be established.

In regard to the steroid, several studies proposed that
a steroid-free regimen can be safely applied and effective
in LT for HCV cirthosis. Also, in HIV/HCV co-infected
patients, steroid-free protocol may be beneficial to
prevent both HIV and HCV recurrence after LT.>*!

CONCLUSIONS

IVER TRANSPLANTATION FOR HIV/HCV co-

infected patients remains challenging, but with
recent developments in perioperative management and
novel drugs for both HIV and HCV, the results are likely
to be improved.
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LTW3. [BY] SERRECHITH acoustic radiation force impulse (ARFI) elastography [T
LDFEBETEMIOEREEROSMNIT . [HE] FREFEEEZHAMEIEROERE (Vs) &U
TER(EL, MMOFFEEHAER ~ORBESRS. [BR] Vs BlEIIvMRE, BRE c7IL0OVE, IV
CBTS—4Y, PYFOYUF LHLIS EEEEGERESD. [BR] ARFSFTEHL - THEETRIC
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el
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[EL&HIC

1990 sER# -0 antiretroviral therapy (ART)
DBBIC X o T human immunodeficiency virus
(HIV) o3>y bo—nidg#EL, HIVERFAO
FUBERST 2L EDCREICK S RELNR
bisz, HIV RESHIZ BT % acquired immuno-
deficiency syndrome (AIDS) PIALDIETTED
ZVORIERETHY, ZOREKEDE I hepati-
tis C virus (HCV) &Y TdH o 7z (Weber 57).
AIIZBWTDHFER 2 EEEEFBHERAET,
HIV/HCV EREREE B 2RO 1/3 3HF
RRTHDHEPHRESIND. RFIKBIT A
HIV E§E D 192% RHCVIREHREL TS
h, ZOREOIZEL A LYREDHIV/HCV R
AFERHOFRE5-CTH A4S, MBERHIC L % HIV

1) RGRFERERERE - BEHRIH

BYEEOHCYV AR 07% L B THE

W, ZO &) HEEICL S HIV/HCV EE RS
HIK T AR R, BREERELTO
HAPL 5B FOEEEIETLELLNS.
BERREE CIRBEMRRE I L ORE Lo
FHRRWEREIR TV, BEO MR EHA
OB L HERERRETIOEAREE LTS
Fo®, FFERIC X AL ERTH 5. A
£, FFRBNRRMLHED FE L LT acous-
tic radiation force impulse (ARFI) elastography
DOFEREPHFE SN TV AY, ARFI & HIREE
FENANVATHBRCBHZERZBIL, VR
AL A THBFTORICE S BICERICH LT
FRBET LA MEROEE (velocity of
shear wave: Vs) 2HlZL, HfoEEz €&

2) BGAFERZRERESRATANRARBRA EHBHLRARE
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{BL=bDTHAH. SEbhbiE, HIV/HCY
BB LT, ARFI elastography (2 & %
JFFARMEALFRATE O A7 % 1A & 2003 % B B TRt
2ok, Flobhbhid, EEEREZICBVWT
SRR 2 EAVEE CO T AME T
LTV REFDBD NS THIETH L 2HEL
7o (Bl 5®). ARFI ol # 5 & il ik oo Bl
KOWTHRETEIT- 72,
| AR EFH

2009 4E 9 A5 2013 4F 6 B ¥ TIlo Y Be TR
%1To 7 HIV/HCV BB B E 37409 b,
ARFI elastography % fitifF L7z Child 548 A 41
3P EREE L 37T BRI
mMEKZ=AL, BEOMBERAOBEMICE T
HIV/HCV E#UES% X - LIERITH Y, 4pl
Bk, EWorhiiiz 4078 (30~63i%) Tho
7o JFRAEOWERIE Child A 2534 61, BA1 4,
CH2ZHTHo7. MRE LRI Y RHEL
BAE TR % 1T o 72 HCV 3800 % 3 5 41 18
Bl, BLOWEEL LTRBBICETY ST b
FREUHT % BaAT U 7o AR ARIFRE AR N — 10 60 & Fhi
%fTo7z. 9 ARFI % fiv T L E Vs &
LCRfEIb L (B X W E¥ED Vs fE% 5 [ il
FLFHME BV, BEBURGE, IOV BMUR
BBt WHEBET Vs EO L EIT o /2. Wi HIV/
HCV BRI ICB VT Vsl (FA%E - £
FRENT Vs iz 5 M3 oWELTCERZRD
PEEEN L, A OEOFHEEZ FLED Vs
fEL LTHWR) & ALT, BE Y VY V{E, I
MRS, CT TORFE, BER, 7o Vi,
IWWHas—5r, ICGI S EwR, 7¥y7uay
vF LHLI5E & OMBE % RE L BARE
Aquilion™, 6451 GREAF4 INVTY AT LXK,
HA) %AW ERME, FIRME, FEHEO 3HET
#R CT 2L, FHHOMEN % SYNAPSE
VINCENT (BX74 VA AF 4 AN, HE) %
BT volumetry ZfTWRIE L. E-FRE
OFHIL U BEOBSHRRIEMASTE L, EERO
Atz RERRAT, BIERT 2, FFEZE D 4 DI L7
HETERIMREICIE, BEHBITY 7 | ystat 2008(E
ZEF MR, B3 2RV, 2 BEEEICIE Mann-
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AAM bR SHEE B, 845

Whitney OMEMAIME %, HIBIZDW Tk Spear-
man DNENAHE %47 o 7.
n #% #

Vs fl (BLTFHJfE & #iBR) & HIV/HCV B
e T 1.27 (098~261) m/s, HCV Bk
BET 127 (0.85~300) m/s, REHRET 1.08 (0.98~
1.33) m/s T D, HBRIEIIMAFH LT
AEICHMETH -4 (p=0010) 4%, BEHURGRE
& HCV BUMUR BB, 35 X OV HCV B SRt &
WERTEERE2BO Lo (FhEhp=
0436, p=0059, Figurel). ¥ 7z ARFI i 17 ¥
DN DOV, BEHEYREA 46 (31~63) &
WaF LT BRI REAS61 (33~76) M e, B
TRATE L BRI TR CERICEETH o 12
(p=0008, Figurel).

EBERTEIC B 5 Vs fli L O R ERE O
LTI, ALT(p=0358) R ) IV Y Vli(p=
0.949) TRMREICHIE %2 RO 2 b o 7225, b
B (r=0737, p<0001), MAER (r=0592,
p=0006), ¥7rua v (r=0637, p=0003),
IVE s —4 v (r=0569, p=0009) i& Vsl
EEBELZMHEZED Figure2). £/2CTT
EFEFERLLDDE23BR6HOAT, #0
LD AFIEIRIERT 1§, BB, FEE S
BITHo7:. CTICEABRBEME VsEDHE
KowTik, ERHF6HIT124 (111~212) m/
s, ZDM?17HCi3 187 (1.14~304) m/s T
HH, MEICHEEEZZEDL o (p=0.058).
W REREMTE B L O BaREC1, ICGI5 748
iR (p=0054) LIZHEZ RO L ho2b DD,
7y 7uy ¥ LHLIS (r=0503, p=0024) &
XEE 2B %2 297 (Figure 3).

n % £

HIV/HCV E#RYE O Child A EFICBWT
I, REZLRBELCVsERERCSHETD
Y, ARFI elastography O#$ELRAIBIEIEL { T
bRTWwhHEEZ LN 7 Vs, T
tow—h—bLLTALRALT VR VEER IV
HWag—»rY, PIRETEEDHTR T 5 /MK
%, BAREIHEZEDL. SEOKRECIRIILE
RO OFFEREIToTB T, HBRER LR
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Figure 1. Comparison of Vs and age among HIV/HCV co-infected patients, HCV mono-infected
patients, and healthy control (living donor liver transplantation (LDLT} donor).
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Figure 2. Correlation between Vs and other liver function (ALT, total bilirubin, and platelet counts), splenic volume,

hyaluronic acid, type IV collagen.
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Figure 3. Correlation between Vs and hepatic functional reserve (indocyanine green
retention rate and LHL15 in 99mTc-GSA scintigraphy).
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Acoustic radiation force impulse elastography for liver disease staging
in human immunodeficiency virus and hepatitis C virus co-infection

Koji NATSUDA, Akihiko SOYAMA, Mitsuhisa TAKATSUKI®, Tohei YAMAGUCHP,
Yasuhiro TORASHIMA, Amane KITASATO, Tomohiko ADACHI, Tamotsu KUROKI",
Tatsuki ICHIKAW A, Kazuhiko NAKAO? and Susumu EGUCHI”

" Departinent of Surgery, Nagasaki University Graduate School of Biomedical Sciences

® Department of Gastroenterology and Hepatology, Graduate School of Biomedical Sciences, Nagasaki University

Background : Survival of human immunodeficiency virus (HIV)-infected patients has improved due to the

widespread use of anti-retroviral therapy. However, mortality has increased when HIV-infected patients are
co-infected with hepatitis C virus (HCV), and the liver disease in such patients is rapidly progressive com-
pared with that in HCV monoinfected patients. Therefore, accurate staging of the liver disease is critical
when determining appropriate treatment. Aim: To clarify the efficacy of acoustic radiation force impulse
(ARF]) elastography for the evaluation of liver fibrosis and hepatic functional reserve in HIV/HCV co-
infected patients. Methods : The correlation of shear wave velocity (Vs), measured by ARFI elastography,
with liver fibrosis or hepatic functional reserve was analyzed. Results : Vs was significantly correlated with
platelet count, splenic volume, hyaluronic acid, type IV collagen, and LHLI15 (receptor index : uptake ratio of
the liver to the liver plus heart at 15min) in 99mTc-GSA (technetium-99m-diethylenetriaminepentaacetic
acid-galactosy] human serum albumin) scintigraphy. Conclusion : ARFI elastography was useful for the stag-
ing of liver disease in HIV/HCV co-infected patients and it facilitated minimally invasive and accessible
evaluation of fibrosis and functional reserve,
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