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Table 1 Characteristics of patients in tolerance cases and no tolerance cases

Tolerance cases
Pediatric Case Ageat LDLT  Sex

i Syr M BA 2yr
(Period of IS: 5 yr 8 mo) 5yr4mo
6 yr 4 mo
7 yr 4 mo
2 11 mo F BA 4 yr9 mo
(Period of IS: 3 mo) 7 yr 9 mo
8 yr 9 mo
9 yr 9mo

No tolerance cases
Pediatric Case AgeatLDLT Sex
LDLT
3 1lyr H BA lyr
2yr
4 10 mo M BA lyr
1yr6mo
2yr
5 7yr M BA lyr
1yr6mo
6 6 yr F BA 2yr
8yr
13yr

Original disease Duration of biopsy after
cessation of IS

Original disease Duration of biopsy after

Fibrosis Positive area Number of positive cells/5 fields
(FStage)  of u-SMA (%)  a-SMA CD68 CD79%.

0 210 377 395 19

0 2.03 250 194 3

0 226 147 422 3

0 2.95 243 500 10

0 153 91 264 20

0 249 257 552 16

1 2.69 398 490 27

1 2.76 241 369 21

23+046 2505+102.8 3982+121.6 148+87

Fibrosis Positive area Number of positive cells/5 fields
(F Stage) of u-SMA (%)  a-SMA CD68 CD79a

0 0.02 9 508 12

0 1.86 134 446 14

0 047 1 332 8

0 0.32 2 424 10

0 0.83 107 525 9

0 1.08 178 537

0 0.63 153 637 7

0 0.38 15 92 12

0 0.70 37 202 16

0 1.26 60 432 15

0.75+053  69.6+67.7 413.5+1642 103146
(mean + SD)

LDLT: Living donor liver transplantation; IS: Immunosuppression; a-SMA: Alpha smooth muscle actin; BA: Biliary atresia; M: Male; F: Female.

CD68/CD79a-positive cells in the cases with and with-
out tolerance were 398.2 £ 121.6/14.8 £ 8.7 and 4135 %
164.2/10.3 £ 4.6, respectively.

In addition, the number of a-SMA-positive cells was
227.5 £ 99.0 in the tolerant patients with FO stage fibro-
sis, which was higher than that in the patients without tol-
erance. The o-SMA-positive area ratio was also calculated
using the WinROOF software program. The a-SMA-
positive area ratio in the patients without tolerance with
any fibrotic stage was 2.3% £ 0.46%0; it was 2.2% £ 0.47%
in cases with fibrotic stage FO and 0.75% % 0.53% in the
no-tolerance patients (all patients with fibrotic stage F0).
Accordingly, even among patients with no findings of
fibrosis, the a-SMA area ratio was higher in patients with
tolerance than in those without tolerance.

Degree of a-SMA staining in LDLT cases with fibrosis
The a-SMA-positive area ratio was calculated for adult
patients with fibrosis using the WinROOF software pro-
gram. Liver specimens obtained from a total of 10 liver
biopsies in fibrosis Cases 1 to 3 were subjected to the
analysis (Figure 1). Figure 1A shows the timing of the bi-
opsies, fibrosis grade, and a-SMA-positive area ratio. The
o-SMA-positive area continued to increase over time in
all patients, and the a-SMA-positive area also increased in
all patients even when they were in the pre-fibrotic stage
(arrowhead).

The a-SMA-positive area ratio in adult patients with
fibrosis was also evaluated based on the fibrosis stage.
The area ratio was 1.1% * 0.5% in the FO-1 stage and
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4.6% £ 1.2% in the F4 stage. The o-SMA area ratio was
higher in the FO-1 stages than in the F4 stage (Figure 1B).

The a-SMA-positive area continued to increase over
time in the pediatric patients with tolerance. Pediatric
Case 1 showed FO fibrosis in the liver at all time points,
whereas pediatric Case 2 showed a slight progression of
fibrosis (F1) eight years after the cessation of the immu-
nosuppressant treatment (Figure 2). However, there were
no significant increases in the q-SMA-positive area in the
pediatric cases without tolerance (Figure 3).

DISCUSSION

Immune tolerance is the ultimate goal of transplantation,
and many transplant patients have been reported to have
ceased immunosuppressant medication for a long period
while maintaining a favorable clinical course in clinical
practicem‘_]. However, hepatic fibrosis has been reported
to have developed in transplant patients who have ceased
immunosuppressant medication™, and there are some
concerns over whether the cessation of immunosup-
pressive treatment leads to fibrosis. We performed a
histological analysis in patients who had ceased immuno-
suppressant medication and examined the impact of the
cessation on the liver graft.

As shown by the findings of this and previous stud-
ies™, the expression of «-SMA increases with the pro-
gression of hepatic fibrosis because liver injury that is
caused by hepatic viruses or medication allows T cells and
Kupffer cells to release PDGF, IGF-1, TGF-f, activated
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Figure 1 Changes in alpha smooth muscle actin expression in adult patients with fibrosis. A: The «-smooth muscle actin (SMA)-positive area continued to
increase over time in all the patients, even when they were in the pre-fibrotic stage (arrow head); B: The a-SMA positive area ratio in the patients with fibrosis was
calculated based on the fibrosis stage. The «-SMA area ratio was higher in the patients with FO-1 fibrosis than in those with F4 fibrosis; C: The photograph on the left
shows the a-SMA staining in a representative case with F4 fibrosis. The photograph on the right shows a WinRoof digital image, with green corresponding to the area
of a-SMA-positive staining. a-SMA: Alpha smooth muscle actin; LDLT: Living donor liver transplantation.

oxygen, lipid peroxide, and a-SMA into the cytoplasm
of HSCs. Subsequently, type I collagen is produced and
fibrosis develops®’. Therefore, it is supposed that the
a-SMA level is increase in the pre-fibrotic stage, although
there have been no reports on the correlation between
the a-SMA expression level and fibrotic changes.

Here, we investigated the association between o-SMA
expression and the fibrotic stage in patients with hepatic
fibrosis. An increase in o.-SMA over time was observed
in all patients with fibrosis, suggesting that there is a coz-
relation between the progression of fibrosis and the in-
crease in a-SMA. Furthermore, all patients with fibrosis
had increased a.-SMA expression at the pre-fibrotic stage.
In the current study, in two cases of tolerance, the pro-
gression of fibrosis remained low, although the ratio of
a-SMA-positive areas remained high in both cases. How-
ever, Yoshitomi e af™ reported that liver fibrosis pro-
gression in tolerant patients was higher than that in non-
tolerant patients. Therefore, we propose that o-SMA may
be a potential marker of the progression of liver fibrosis.
Thus, we should continue to follow these two cases care-
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fully to ensure that the progression of fibrosis is not
missed. Because this study was a retrospective analysis
and the time of biopsy varied for the individual patients,
periodic follow-up examination will be required to evalu-
ate and support this hypothesis. These findings suggest
that a routine protocol biopsy could be an important tool
to understand the dynamic state of -SMA in detail.

These assumptions suggest that the possibility of de-
veloping fibrosis is higher in tolerant patients than in pa-
tients who continue immunosuppression, because o-SMA
expression was consistently high in the tolerant patients
in this study. In addition, the expression of a-SMA grad-
ually increased in the tolerant patients, indicating that care
should be taken in future follow-ups for these patients to
ensure that their liver function does not deteriorate.

The liver is known to be the organ most suscep-
tible to immune tolerance compared with other organs,
and phenomena in different animal species have been
observed that demonstrate that the major histocompat-
ibility complex was successfully engrafted without im-
munosuppressant medication after an allogeneic liver
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Figure 2 Change in alpha smooth muscle actin expression in the two pediatric cases with immune tolerance. A: The a-SMA-positive area continued to in-
crease over time in both cases. Case 1 showed FO fibrosis in the liver at all time points, whereas Case 2 showed a slight progression of fibrosis (F1) eight years after
the cessation of immunosuppressive treatment; B: The findings of Azan-Mallory staining and the «.-SMA-positive area determined by immunohistochemical analysis
are shown. o-SMA: Alpha smooth muscle actin; IS: Immunosuppression.
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Figure 3 Changes in alpha smooth muscle actin expression in the four pediatric cases that continued immunosuppression. There was no clear increase in
the a-SMA-positive area. a-SMA: Alpha smooth muscle actin; LDLT: Living donor liver transplantation.

transplant” ", The effects of immunosuppressive factors
produced in the liver and the correlations among anti-
gen-presenting cells in the transplanted liver, including
Kupffer cells, sinusoidal endothelial cells, and recipient-
derived T cells, are believed to be involved in this im-
mune tolerance. In addition, there have been some stud-
ies in mice showing that T cells became unresponsive to
the antigen presented from sinusoidal endothelial cells of
the specific donor type”™™. A treatment strategy leading
to the acquisition of immune tolerance is considered to
be important for human liver transplantation to prevent
damage to hepatic sinusoidal endothelial cells.

CD68 (KCs) and CD79a (T cells) were immunos-
tained to search for factors related to fibrosis in patients
with and without immune tolerance, but there were no
significant differences in either KCs or T cells. The major
factor determining the progression of fibrosis in patients
with immune tolerance still remains unknown, and pre-
dictors for the development of tolerance are also un-
known. Therefore, we confirm that liver fibrosis staging
assessed by biopsy is the main parameter influencing the
treatment course.

A previous study indicated that calcineurin inhibi-
tors (CNIs) may inhibit the activity of HSCs and the
progression of fibrosis®”, but convincing evidence has
not yet been provided. However, there is a good possibil-
ity that the cessation of immunosuppressant medication
may cause a certain degree of rejection without abnor-
mal hepatic function or histological rejection. There
were also no differences in a-SMA expression between
hepatitis C virus-infected patients with and without liver
transplants™. In addition, CNIs administration may not
always inhibit a-SMA expression if there is an infectious
background. In addition, the infiltration of inflammatory
cells stimulates the expression of pre-fibrotic growth fac-
tors®, and inflammatory cells and activated HSCs are
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actually mixed in patients with chronic hepatic dysfunc-
tion™. Therefore, controlling inflammation is considered
to inhibit the progression of fibrosis regardless of the
use of immunosuppressant medication.

When deciding whether to resume immunosuppres-
sant medication, it is important to determining whether
the progression of fibrosis is due to an antigen response
is important™. However, the factors associated with an
increase in -SMA were not determined in the present
study in the two pediatric patients, who had most likely
acquired immune tolerance. Immunosuppressant medica-
tion has not been resumed in these two pediatric patients
because they have not shown clear abnormalities in liver
function. However, we are performing a strict follow-up
regime for both patients to determine whether they will
continue to have a good long-term prognosis.

COMMENTS

Case characteristics

An 18-year-old male with a history of living donor liver transplantation (LDLT)
for biliary atresia with no symptoms and an 11-year-old female with a history of
LDLT for BA with no symptoms.

Clinical diagnosis

Immune tolerant state for a long period of time post-LDLT.

Differential diagnosis

Progression of liver fibrosis.

Laboratory diagnosis

The result of the liver function and all other tests were within normal limits.
Imaging diagnosis

In the imaging examinations, morbid findings were not detected.
Pathological diagnosis

In one patient, slight liver fibrosis was revealed by liver biopsy 9 years after the
cessation of immunosuppressive therapy.

Experiences and lesson

This case report suggested that alpha smooth muscle actin may be a predictor

of liver fibrosis; however, this assumption needs further validation from addi-
tional cases.
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Peer review
This article provides possibility that the cessation of immunosuppressive thera-
py causes liver fibrosis.
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Abstract We performed living donor liver transplantation
(LDLT) in a patient who had undergone distal gastrectomy
for gastric ulcer disease with Billroth 1 reconstruction 30
years before the LDLT. The adhesion was very severe
between remnant stomach and hepatic hilum as well as left
liver lobe with shortening of hepatoduodenal structures.
After dissection of the infrahepatic inferior vena cava, the
Spiegel lobe was identified from the dorsal side. The Spiegel
lobe was then penetrated with a right angle dissector so that
a plastic tape could be placed around the whole adhesion,
including important structures in the hepatoduodenal liga-
ment. Next, the right hepatic vein was transected with a
vascular stapler using Pringle’s maneuver using the plastic
tape to fasten the entire adhesional structure. Subsequently,
the trunk of the middle and left hepatic vein was transected
after clamping. The remaining short hepatic veins in the left
side were divided completely from the cranial to the caudal
direction to dissect Spiegel’s lobe. Finally, the hepato-
duodenal ligament was identified from the attached remnant
stomach and the duodenum and a vascular clamp was placed
on the entire hepatoduaodenal ligament. Finally, the dis-
eased liver was explanted for graft implantation. Thus, ret-
rograde explantation of the liver was effective in decreasing
the risk of damaging vital elements in the hepatoduodenal
ligament, the remnant stomach, and the duodenum.
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Live donor - Liver transplantation - Retrograde
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Introduction

A history of previous upper abdominal surgery, such as
gastrectomy, sometimes precludes or makes it difficult to
perform explantation of the diseased liver for subsequent
liver transplantation. In particular, living donor liver trans-
plantation (LDLT) requires a piggyback procedure due to
the absence of inferior vena cava (IVC) in the graft liver [1].
However, no technical considerations for such cases have
been published to date. Although LLDLT donor hepatectomy
in patients with a previous history of gastrectomy or
gastrectomy for gastric cancer or morbid obesity after
liver transplantation have been reported in detail [2-4], there
have been few reports of liver transplantation after
gastrectomy [5-7].

We recently performed LDLT in a patient who had pre-
viously undergone open distal gastrectomy with Billroth I
reconstruction for gastric ulcer disease 30 years before the
LDLT. We herein report our experience with retrograde
explantation of the cirrhotic liver in this unique case with
severe adhesion between remnant stomach and the diseased
liver.

Technical view

The patient was a 63-year-old male who suffered from end-
stage liver failure due to hepatitis C in May 2013. LDLT was
indicated, and preoperative angiographic computed tomog-
raphy suggested severe adhesion of the hepatoduodenal liga-
ment to the diseased liver as well as collateral blood vessels
around the esophagus and retroperitoneum. The adhesion
would be very severe probably because of the previous use of
silk ligature and von Pets stapling device at that time. He had
an upper midline incision for previous distal gastrectomy for
gastric ulcer disease done 30 years ago.
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Fig. 1 (a) Severe adhesion
between the remnant stomach
and diseased liver with a short-
ened hepatoduodenal ligament.
(b) Hlustration of the proce-
dure. The operators left fingers
were used as a guide to pen-
etrate the Spiegel lobe. (¢)
Under Pringle’s maneuver, the
right hepatic vein was
transected using a vascular
stapler, and the trunk of the
middle and left hepatic veins
was made ready for transection.
(d) Hlustration of the proce-
dure. Arrows indicate the fas-
tened plastic tape for Pringle’s
maneuver

,'/“
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A Mercedes-Benz incision was made. The adhesion
between the anastomotic site in the stomach and the hepatic
hilum, as well as the left liver lobe, was very severe (Fig. la,
Video S1). In addition, a shortening of the hepatoduodenal
structure was found.

Mobilization of the right lobe of the liver was started, and
the short hepatic veins were separated from the right side
as much as possible. Then, the adhesion between the
infrahepatic IVC and the hepatoduodenal ligament was
roughly dissected and the Spiegel lobe was identified from
the dorsal side. Subsequently, after securing the infrahepatic
IVC, the Spiegel lobe was penetrated with a right angle
dissector using left index and middle fingers of the operator
as a guide so that a plastic tape could be placed around the
entire adhesion, including important structures in the hepa-
toduodenal ligaments, without injuring the remnant stomach
(Video S2, Fig. lc,d). However, transection of the whole
hepatoduodenal ligament was still impossible because of the
adhesion between remnant stomach and the left liver lobe,
which created a shortening of the hepatoduodenal structure.

Therefore, we decided to proceed with retrograde
explantation of the whole liver. The right hepatic vein was
encircled with a vessel loop and transected with a vascular
stapler (ECHELON FLEX ENDOPATH Staplers, Ethicon
Endo-surgery; Johnson & Johnson, Cincinnati, OH, USA)
under Pringle’s maneuver, using the plastic tape to fasten
the entire adhesional structure (Fig. 1b,c) [8]. Because of
the sufficient collateral venous formation as seen in preop-
erative imaging, no severe intestinal edema was encoun-
tered. Subsequently, the trunk of the middle and left hepatic

MHV/LHV

Stump of the RHV l

Bt
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vein was transected after clamping for subsequent anasto-
mosis. The remaining short hepatic veins were separated
completely from the cranial to the caudal direction to
dissect Spiegel’s lobe. At this point, the adhesion between
remnant stomach and left liver lobe was able to be dissected.
Finally, all structures in the hepatoduodenal ligament were
transected in a lump as close to the liver as possible after
applying a vascular clamp (Video S3). The hepatic arteries
and portal branches in addition to the hepatic ducts were
then dissected, respectively. Vascular clamps on the portal
vein and each hepatic artery were placed, and the patient
was made ready for implantation of the graft liver under
cross-clamping of the IVC. An extended left liver graft with
middle hepatic vein from the patient’s daughter was
implanted in our regular fashion (graft weight 416 g) [8, 9].
Because enough length of the portal vein was dissected out,
interpositional graft was not required.

No other significant events occurred throughout the
LDLT procedure, with a total amount of blood loss of
16,000 g and a total operative time of 1,031 min including
functional anhepatic time after Pringle’s procedure until
reperfusion of the graft of 231 min. The patient’s postop-
erative course was rather uneventful, and he was discharged
from our hospital on the 60" day after the LDLT. He was
doing well 7 months after the LDLT at the time of writing.

Discussion

Performing LDLT in patients with a previous history
of abdominal surgery is therapeutically challenging. In
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particular, prior gastric surgery greatly precludes the ability
to dissect the hepatoduodenal ligament and small omentum
for LT. However, few previous reports on this topic have
been published in the updated literature of the field of liver
transplantation or hepatobiliary surgery. We herein pre-
sented a case of LDLT with retrograde explantation of the
diseased liver for piggyback LDLT.

We performed retrograde explantation of the liver
because it was impossible to mobilize the liver from the
left side and dissect the hepatoduodenal ligament due to
massive severe adhesion between the remnant stomach and
the left liver lobe. After we recognized the situation on a
preoperative 3D-reconstructed image, we presumed the
possibility to perform retrograde explantation of the liver,
achieving successtul results. As one of the options to
achieve safe and passable explantation of a diseased liver
without damaging severely attaching neighboring organs,
we believe that retrograde explantation could be consid-
ered for cirrhotic cases with sufficient collateral veins.
Also in case of shortened hepatoduodenal ligament, this
procedure could have a role. Recently, laparoscopic
gastrectomy has become a routine procedure for treating
early-stage gastric cancer, and the incidence of adhesion
after gastrectomy should be less than that observed in open
surgery [5]. In addition, the use of robotic gastrectomy
was recently reported [4]. However, previous gastric
surgery performed many years ago with silk threads, etc.
sometimes presents a difficult situation at the risk of
massive bleeding or damaging a remnant reconstructed
stomach [10]. Also in our case, the shortening of the
hepatoduodenal ligament due to massive adhesion pre-
cluded safe transection of hepatoduodenal ligament before
transecting hepatic veins.

We believe that performing retrograde explantation of the
liver can be one of the options for LDLT in such patients
who had previously undergone open gastrectomy or other
upper abdominal surgeries.
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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:

Video S1 The adhesiolysis around the remnant stomach.
Video S2 Encircling the shortened hepatoduodenal liga-
ments through the Spiegel lobe.

Video 83 Retrograde hepatectomy with Pringle’s maneuver
and implantation of the graft liver.
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