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until their own livers regenerate sufficiently to maintain crucial functions.
A secondary goal of ALS is to sustain in a stable condition those patients
whose livers cannot regenerate or are destroyed as in an ahepatic state
until liver transplantation can be performed without serious complications.
Glutamine plays not only as osmolyte but also as oxidative stress inducer in
brain. Accumulation of glutamine in brain disrupts cell volume regulation
and induces brain edema. Therefore removal efficacy of glutamine is crucial
for ALS.

Methods: The present study involved 16 patients with fulminant hepatitis
who were admitted to Showa University Fujigaoka Hospital between. Seven
patients were acute type of fulminant hepatitis and nine patients were subacute
type of fulminant hepatitis. All patients were placed on an ALS system that
comprised plasma exchange and online hemodiafiltration, The effect of the
ALS on various symptoms of fulminant hepatitis was evaluated, and the
levels of glutamine in the patients’ plasma samples and the discarded buffer
were assayed using automatic analyser.

Results: 15 of the 16 patients regained full consciousness and 11 patients
survived without liver transplantation. Two of the remaining five patients
underwent liver transplantation and survived. Three patients died without
organ donor although ALS sustained these patients in a favorable condition
more than two weeks. The plasma glutamine levels were significantly reduced
by artificial liver support. The estimated distribution volume of removed Gin
ranged from 30 L to 60 L of plasma equivalent.

Conclusions: Plasma exchange in combination with online hemodiafiltration
is a promising and effective method to maintain patients with fulminant
hepatitis in a favorable condition. This treatment system thus provides more
time for physicians to assess the indications for liver transplantation as well
as giving the patient a greater chance of undergoing transplantation.
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Living Donor Liver Transplantation in Comparison to
Cadaveric Liver Transplantation for Acute Liver Failure.
Mitsuru Nakatsuka, Jan Pasnak, Robert Fisher. Department of
Anesthesiology, Virginia Comonwealth University Health System,

Richmond, VA, USA; Department of Anesthesiology, Virginia
Commonwealth University Health System, Richmond, VA, USA;

Department of Surgery, Virginia Commonwealth University Health
System, Richmond, VA, USA

Acute liver failure(ALF) carries a dismal prognosis with an overall mortality
of 33% in spite of improved intensive care medical treatment. Liver
transplantation may improve the prognosis of gravely ill patients with ALF.
We reviewed 41 cases of liver transplantation in this institution since 1995
and compared the results of living donor and cadaveric liver transplantation.

Methods: Retrospective review of 41 patients who underwent liver
transplantation for ALF since 1995 was carried out. We compared living
donor liver transplantation (LDLT) with cadaveric liver transplantation (CLT)
for the treatment of ALF. These groups were analyzed according to Meld,
Preoperative INR/PT, Creatinine, total bilirubin, cold ischemic time(CIT),
warm ischemic time(WIT), grade 3-4 encephalopathy (Gr 3-4), ICU stay,
ventilator day(Vent), postoperative dialysis (Dial) and outcome.

Results: Among 41 ALF, 3 due to Tylenol overdose, 6 due to other drugs, 4 due
to autoimmune hepatitis, 2 due to viral, 1 due to acute Budd-chiari syndrome,
1 due to Wilson disease and I due to neonatal hemochromatosis. 3 of 6 LDLT
were pediatric and 8 of 35 CLT were pediatric. Postoperative outcome for
LDLT/CLT were: 1) icu stay days (17.6/8) 2) ventilator care days(4.5/3.8)
3) postop dialysis (2/11) 4) Death<3 months(1/5)and Death<lyear(2/14).
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Conclusion: Despite a significant improvement in intensive care management,
most patients with ALF have poor prognosis. Liver transplantation is
potentially the only option for the gravely ill patients with ALF. In spite of
UNOS’s Status 1 criteria for those patients Living donor liver transplantation
seems to be an attractive choice due to shortage of cadaveric liver donor.
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Acute Hepatic Failure Due to Celecoxib Requiring Liver
Transplantation. Naim Fakih, Oscar Caso, Iago-Justo, Sergio
Olivares, Edurne Alvaro, Cristina Alegre, Rebeca Sanabria, Maria
Garcia, Felix Cambra, Jorge Calvo, Alvaro Garcia, Alejandro
Manrique, Manuel Abradelo, Enrique Moreno, Carlos Jimenez.
General Surgery & Abdominal Transplantation, 12 de Octubre
U.H., Madrid, Spain

Introduction: Celecoxib is a selective cyclooxygenase-2 (COX-2) inhibitor
widely used due to its efficacy and good safety profile. On the other hand,
recent reports have described liver injuries due to them varying from
acute hepatic failure to different degrees of transient cholestatic and/or
hepatocellular injuries. We report a case of &40 year old patient with an acute
liver failure due to celecoxib and required a liver transplantation. Less than
5 cases are reported in the literature.

Clinical Case: A 40 year old man of South American origin with psoriasis
without treatment, begins with a 14 day history of fatigue, loss of appetite,
diffuse abdominal tendemess and vomits. The symptoms worsen and the
patient and jaundice appears, for which the patients seeks medical attention.
The patient refers a history of sporadic alcohol intake and NSAIDs as well
as celecoxib recently for usual pains. The blood analysis showed acute renal
insufficiency,hepatocellular damage with abnormal liver function tests with
predominantly cytolytic pattern. Due to the progressive worsening of the
patient’s clinical and analytical situation, an OLT was performed 3 days after
admission. The pathology of the native liver showed a submassive necrosis
with coagulative degeneration compatible with toxicity for celecoxib. The
postoperative course was uneventful.

The underlying mechanism for liver injury related to celecoxib is not well
defined and in this case it seems as to be an idiosyncratic reaction rather
than dose dependent since the patient hasn’t taken celecoxib until recently.
Conclusion: Although celecoxib is related to less side effects than NSAIDs
especially referring to gastrointestinal symptoms,it may be associated to
hepatotoxicity and acute liver failure requiring even an OLT as in this case.
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Rapid Virological Response in PBMC with an Increase of HCV-
Specific IFN-y Production Predisposes to SVR in Patients with
HCYV Recurrence after Liver Transplantation with Genotype
1 Undergoing Peg-1FNa2a Plus Ribavirin. Alessandro Perrella,
Alfonso Lanza, Donatella Pisaniello, Giovanni Di Costanzo,
Amadeos Marcos, Oreste Cuomo. Liver Transplant Center, Aorn
A. Cardarelli, NAples, Italy

Background: Viral load evaluation in plasma, after one month of treatment,
represents one of the most important parameter to predict treatment response
during interferon treatment in CHC. And in liver transplanted patients, Tt has
been proved that HCV-RNA may be present in peripheral blood mononuclear
cells (PBMCs) but few studies have been managed on viral Joad in PBMC
during treatment in transplanted patients. Aim of the present study was to
evaluate HCV-RNA in PBMC during pegylated-interferon plus ribavirin
therapy and whether its clearance in PBMC may induce treatment response.
Further we also analyzed the IFN-y and IL-4 response of PBMC during
therapy. Methods: we enrolled 20 liver transplanted patients (16M/4F)
due to ESLD HCV related, genotype 1, undergoing antiviral treatment with
Pegylated Interferon alpha 2a 180mcg weekly plus Ribavirin according to
the weight. All patients were under CNI immunosuppressive schedule (9
on tacrolimus and 11 on Cyclosporine). In these patients we evaluated HCV-
RNA in Plasma and PBMC (TagMan RT-PCR), IFN-y and IL-4 in ELISpot
(stimulation with HCV core antigens; AID, Germany) at the following time
points: TO (before therapy); T1 (one month - RVR); T3 (three months - EVR),
T12 (twelve months - ETR), T18 (six months after end of treatment - SVR).
Results: We found that Rapid virological clearence of HCV-RNA in PBMC
with a restored and improved HCV specific IFN-y response was significant
higher in those with SVR. Conclusion: Patients having RVR in PBMC with
an improved Th1 network achieve a complete SVR whereas those having
viral clearance only in plasma without a restored Th1 network have a relapse.

-1100-



Monday 16 July 2012
2452

Does Hypothermic Machine Perfusion (HMP) of Human Donor
Livers Impact on Sinusoidal Endothelial Injury? A Feasibility
Study Assessing Flow Parameters, Sterility and Sinusoidal
Endothelial Uitrastructure

omaa A.', Gurusamy K.!, Siriwardana P.", Claworthy 1.2, Demuylder
P23 Fuller B.!, Davidson B." i
"University College London, Divison of Surgery and Interventional
Science, London, United Kingdom, 2Royal Free Hospital, Electron
Microscopy, London, United Kingdom, *Organ Recovery Systems,
Brussels, Belgium

Background: Hypothermic machine perfusion is better than conventional
cold storage in kidney transplantation.

Large animal models suggest that HMP may be beneficial also for the
liver but questions remain about perfusion mode (dual portal/arterial
flow versus single flow) and hepatic vascular injury including endothelial
dysfunction during HMP.

Methods: 16 human livers rejected for transplant by all UK centres
with appropriate consent for research were randomised into 4 groups.
Group1: 7 hours cold storage (CS) and one hour HMP through hepatic
artery (HA) alone (n=4). Group2: 7 hours CS and 1 hour HMP through HA
and portal vein (PV) (n=4). Group3: 7 hours CS and 1 hour HMP through
PV alone (n=4). Group4: 8 hours CS. A pressure controlled prototype
based on Lifeport Kidney Transporter was used (Organ Recovery
Systems).Livers were perfused at 4 to 8 °C under sterile conditions
using Belzer MPS. Perfusion parameters (pressure, flow, resistance
and temperature) were recorded every 15 min. Perfusate for microbial
culture and sensitivity were taken before and after HMP.

Electron microscopy of 3 liver biopsy samples taken before perfusion,
were compared with 3 samples from adjacent areas after perfusion.
Results: Pre-set HA pressure of 30 mmHg and PV pressure of 7 mmHg
were maintained throughout the perfusion. HA and PV flow ranged from
11 to 107 ml/min (average 59.5 mi/min) and 39 to 199 ml/min (average
96.2 ml/min) with no differences between groups. The same was true
for resistance where HA and PV resistance ranged from 0.17 to 1.99
mmHg/ml/min (average 0.71) and 0.07 to 0.17 mmHg/mi/min, (average
0.08). Temperature was maintained between 4 and 8°C. No difference in
sinusoidal endothelium ultrastructure was seen before and after machine
perfusion, or between any of the groups.

Sterility was maintained throughout the HMP.

Conclusion: HMP of human livers did not produce evidence of sinusoidal
endothelial injury. Single or dual perfusion modes did not impact on
vascular resistance or flow. The results suggest that further studies into
HMP on human livers are warranted.
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Intensive Artificial Liver Support Systems as Perioperative Care
in Liver Transplantation Improves Survival

Inoue K.'
'Showa University Fujigaoka Hospital, Gastroenterology, Yokohama,
Japan

Introduction: The purpose of artificial liver support (ALS) is to sustain
patients with fulminant hepatic failure (FHF) for long enough for the
patient’s liver to regenerate and regain its function. in cases where
the liver cannot regenerate, ALS should support liver function until
transplantation is successfully performed. If these liver support systems
had the capability to sustain patients with FHF in a favorable condition,
survival rates would be improved and the criteria for liver transplantation
would be simpler and more accurate.

Method: Our study group of 159 patients comprised 90 cases of FH, 16
cases of late-onset hepatic failure (LOHF), and 53 cases of severe acute
hepatitis (SAH). Immediately after the onset of hepatic coma, patients
were placed on ALS involving plasma exchange and hemodiafiltration
using huge volumes of buffer. Treatment for underlying hepatitis
consisted of immunosuppressive therapy using a methylprednisolone
pulse followed by withdrawal with continuous infusion of cyclosporin
A. Antiviral treatment comprising interferon beta and/or a nucleic acid
analogue.

Results: Of the 90 FH cases, 3 were the hyper-acute type and
progressed to an ahepatic state. They were immediately placed on ALS,
which sustained them in a good condition. One of the three patients
subsequently underwent LDLTx and survived. Although the ALS system
sustained the remained two in a favorable condition for more than
two weeks, they died because an organ donor was not found. Of the
remaining FH cases, 42 were FH acute type and 36 of the 42 patients
survived under ALS. The remaining 45 patients were FH subacute type
and 32 of these survived. They were placed on the ALS system and
underwent treatment for underlying liver disease. Four of the remaining
13 patients underwent LDLTx and 2 survived. The survival rate of LOHF
patients under the same treatment as FH subacute type was 50% (8/16). -
Of the 53 SAH patients, 51 survived (96%). After several session of
ALS, 109 of 116 (94%) patients regained consciousness and the 2-week
survival rate was 107 of 116 (92.2%). Brain edema was found in a few
cases and was reversible by several sessions of ALS in most cases.
Conclusions: The Japanese treatment system for FH improved the
prognosis of acute liver failure. The treatment system described in this
study would sustain patients in good condition until the liver recovers
or an adequate donor is found, and make perioperative management
including organ sharing more appropriate.

40 Supplement to Transplantation November 27, 2012, Volume 94 Number 10S
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imune-Modulatory Role of Artificial Liver Support System Using
Huge Volume of Buffers

Inoue K.!
'Showa University Fujigaoka Hospital, Gastroenterology, Yokohama,

Japan

Purpose: Fulminant hepatic failure is a clinical syndrome with various
causal agents. The hepatitis C virus, hepatitis B virus, and autoimmunity
can account for most etiologies of chronic hepatitis; however, 40% of
fulminant hepatic failure cases are of indeterminate etiology in Japan.
Aclinical feature of hepatic failure of indeterminate etiology is sustained
liver injury without spontaneous remission. The cellular and molecular
mechanisms underlying fulminant hepatitis of indeterminate etiology
are still not completely understood. In the present study, we analyzed
cytokines in the serum and the discarded buffer of artificial liver support
to clarify the immune-modulatory role of artificial liver support.
Method: The present study included 38 patients presenting with
fulminant hepatic failure to our hospital in the last 5 years. They were
placed on artificial liver support comprising plasma exchange and
hemodiafiltration using huge volume of buffers. We examined them
for all known hepatitis virus markers and autoantibodies. Autoimmune
hepatitis was diagnosed by a recently proposed scoring system.
Drug-induced hepatitis was diagnosed by a history of drug intake and
a positive lymphocyte-stimulation test. Indeterminate hepatitis was
diagnosed by negative results for: all other virus markers, the presence of
autoantibodies, and a history of drug intake. Levels of 48 cytokines in the
serum or the discarded buffer of artificial liver support were determined
using Bio-Plex Pro cytokine Kits.

Results: Etiologies of the patients were as follows: 7 with acute HBV
infection, 6 with acute exacerbation of the HBV carrier, 2 with HAV, 3
with drugs, 9 with autoimmunity, and 11 with indeterminate etiology.
Artificial liver support system removed significant amount of cytokines
and reduced all of serum cytokines levels significantly. In patients with
indeterminate etiology, IL-17 and IL-21 levels in the serum and the
discarded buffer in deceased cases were significantly higher than that
of survived cases.

Conclusion: The artificial liver support system has ability to ameliorate
humoral condition removing huge amount of cytokines. This system is
useful not only awaking patients but also improving cytokine storm. it
also gives us an important clue to solve the underlying mechanism of
sustained hepatocyte destruction in indeterminate etiology.
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Expression of Receptor Activator of Nuclear Factor-Kappa
B Ligand in Leucocytes During Acute Kidney Rejection after
Transplantation in Rats

Spanjol J.!, Markic D.", Fuckar Z., Celic T.2, Bobinac D.2, Racki S.3
University Hospital of Rijeka, Department of Urology, Rijeka, Croatia,
2University of Rijeka, Medical Faculty, Department of Anatomy, Rijeka,
Croatia, *University Hospital of Rijeka, Department of Nephrology,
Rijeka, Croatia

Introduction: Acute cellular rejection of the transplanted kidney is an
important cause of impaired graft function. One of the basic characteristics
of acute cellular rejection according to the latest Banff classification of
renal allograft pathology is the presence of T lymphocytes in a large
number in allograft tissue. Recent studies have shown the important role
of T lymphocytes and macrophages in acute cellular rejection of kidney
allograft. Osteoprotegerin (OPG), receptor activator of nuclear factor-
kappa B (RANK) and RANK ligand (RANKL) are three relatively novel
members of the tumor necrosis factor (TNF) superfamily. They have a
crucial role in physiological and pathological bone metabolism but also
in immunological processes. The aim of our study was to determine the
expression of RANKL and RANK by T lymphocytes and macrophages
in acute cellular kidney allograft rejection in rats.

Methods: The study included 15 male Wistar rats (3 months old; weight
250-300g) as recipients and 15 male DA rats (3 months old; weight
250-300g) as donors. Animals were sacrificed after 3 weeks and the
transplanted kidney was extracted and processed for pathohistological
analysis and immunoflorescence. The latest Banff classification of renal
allograft pathology was used on all tissue samples by two experienced
pathologists. In all tissue samples acute cellular rejection was proven.
Acute cellular rejection kidney sections were examined by dual- labeled
immunofluorescence to detect CD4, CD8 or CD68 (red) and RANK or
RANKL (green) allowing clear definition of cells that co-express both
(orange).

Results: Cytoplasmic and on surface granular RANKL immunoreaction
on fluorescence microscopy of various intensities was detected in all
tissue samples. RANKL positive expression was colocalized with CD4*
and CD8*T lymphocytes in acutely rejected kidney tissue. There was no
association between CD4* and CD8'T cells with RANK expression in any
obtained sample. RANK but not RANKL, was expressed by infiltrating
CD68 positive macrophages in the interstitium of kidney tissue.
Conclusion: RANK and RANKL are expressed by T lymphocytes and
macrophages in acute cellular kidney rejection after transplantation in
rats. They have a possible immunomodulatory role in acute cellular
kidney rejection. Serum concentration of RANKL could be a marker for
early detection of acute cellular kidney rejection.

Supplement to Transplantation November 27, 2012, Volume 94 Number 108
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Fig. 1 Flow of participating patients through each stage.
The number shows the number of patients. ALF, acute liver failure; ALS,

artificial liver support.
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Fig. 2 The circuit of on-line hemodiafiliration with pre dilution.
Sterile substitution fluid produced on-line from the dialysate through three ultrafil-
ters was infused pre-filter with a substitution fluid pump. HD, hemodialysis; ETRF,

endtoxin retentive filter.
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Fig. 5 Photomicrograph of histopathological speci-
men.
Histopathological specimen (hematoxylin and eosin
staining) obtained from the patient who died of liv-
er failure revealed absence of hepatocytes and de-
struction of normal structure and inflammatory
cell infiltration. Portal venous areas are close each
other and hyperplasia of the small bile ducts is
seen.
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Fig. 3 Correlation between the degree of encephalopathy and the number of sessions of
on-line hemodiafiltration to recovery of consciousness.
Significant correlation was observed between (A) stage of hepatic encephalopathy [10]
and (B) Glasgow Coma Scale at the start of on-line hemodiafiltration and the number of
sessions of on-line hemodiafiltration from the start of the treatment to recovery of con-

sciousness. HDF, hemodiafiltration.
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Fig. 4 The changes of the serum sodium levels

during first 14 days after the start of artificial liver
support.
Closed circle shows the changes of the serum sodi-
um levels in 22 patients in whom we adjusted the
sodium concentration of dialysate to 142-154 mEq/
L to maintain the serum sodium level at 140 mEq/
L or more. The serum sodium levels increased rap-
idly after first session of artificial liver support, and
it were kept at 140 mEq/L or more during first 7
days. The serum ammonia levels decreased to less
than 200 pg/dL after first session of artificial liver
support (open circle). Data are expressed as mean#
SE.

E#, BEmsoEE, ASTHE BEYLVE VE PT
8, 7VvE=T7HLGIFEERHEEII R, BRREE
AL 72 (P<0.001) (Fig. 3). IBBAIMH, Bicarty
O, MiEF F Yo AMEIF 40 mEq/L ML Elcay tu—
WERTW= (Fig 4). 25 G o 11 6125, FRHERREL
L ABEOEREE 2 EBIC, HEND A VIEERE
BRBICBOREREEHE L 2o 8, BELEE
HHICATRERSHBOERYE L 12 KRE, £
BICEROUBHRICHREEI N KELEZ106DY B
9 BIEHRE 14 HE (0H4) IR OB 2 Bl L7275,
1 BIEHE T E cROBIEMME ALSKTHRE o
3B CTREDHESB LN 2o, 2095 b 26X
BEEBBERCHEAV=7ICERL, EEE,LOM
BEES 2L, &4 1 HB LU 5 ED on-line HDF #ifF
BICALSHILERY, ZOBFBTERS BOID1
B, TUYESTEIREL OV P U—VERTNERE
L7-BEREBECELT, REORERESFER210
B\ ® on-line HDF 12 ALSHilk & 2 1), ZOHEILTE
niz.

On-line HDF THEOE Sz 25 floREERE,
BREWBEER 106, BIHAG, FINEBRT 6 #)(F
B, AME OAE k26, HmE+kE

11:11

BE), FFREESBITH o 7z (A 40%) (Fig. 1).
BRABEATENB L U R EFETHNE, Zh e 128+
391 (6-47) ¥ 105=28 | (2-21) @ ondine HDF
HATHRICEBI TR RERAE# BEBLL 72 (ALS #ERL) . ALS
BEBLE 72 & 72\ OB 4 613 B —BHER S hiz 72
BHF — 55| S RIS B RS HIT E iz, B
Bl ALS Bt S B HaiRsbe ¥ TORIMIL 148+
55 H (8-31)CH 1, #IEERIE T 13553 | (7-29)
@ online HDF ##{TL ALS 28352 & TRIFZ
EHRBEREOZ TR THo 2. FF—FHRERE
Nidrolzs o) H 1 FHERED D online HDF
T A HEERESS Y, BEICALSHIEEZY 6

AR, 3HRKEWTE LA BY 04613, 21070
H (13-42) ORI 168+35 | (11-27) @ on-
line HDF & 11.3+1.9 A (9-17) D IMAEASHIIEE % HidT
ENT, ALSHRBERFEHTHRITZ EFTETH-
72. ALS HIE# 2-4 B TR SNz, B0 72 fris
B(CTIck 2 36, PR 1 #0) & 3750315
g (332-467) LEFWALIFERERO 2. HABRSB LN
FREFICREENICEEFRROBRTE 2 A0 L b o
72 (Pig.5).

IR AR (106) CFALEE 5460) ok
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EEE, ASTME PTME WEULVEVE DTH, 7
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A% (Table 1, Fig. 6-8), WBRAEETFVEHVZ
Bk @ PT {H (Fig. 6) (p=0012), DT K (Fig. 7) (p<
0.001), 7 E=71{E (Fig 8) (p<0.001) 0HEBE, A
BICEME LD PTHEE DT i3, 2hFhisg
BEgA 2 H, 6 H DA BICAEFRTRIFTH o 72 (Fig.
6, 7).
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EC, AT 54— BRI X 258D
ERAROEEIMELS, BT FEEEL ho T &,
BHIFehb, FAEFEES HOFEEL, AR,
HBHBIT RO SBEL T2 b DO LRI N DA,
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Table 1 Comparative results of participating patients who survived hepatic failure
without transplantation and the patients who died of liver failure.

Spontaneous survival

Died of ALF

10) (n=5) p-Value

Age 439+29 55.2+75 0.065
Gender (M/F) 7/3 5/0 0.465
Etiology HBV acute 6 3 0.199

HBV carrier 0 2

alcohol 0

Unidentified 2 0
Onset to admission (days) 59x07 82%24 0.534
Onset to encephalopathy (days) 70+06 11.8+40 0.951
Glasgow Coma Scale 105+1.3 102+1.7 0.849
Highest AST (IU/L) 8969.9 + 2654.7 3332.2+1228.1 0.221

Spontaneous survival, survival without transplantation, ALF, acute liver failure; HBY, hepatitis B
virus; AST, asparatate aminotransferase; Highest AST, Highest values that could be recorded dur-

ing illness. Data are expressed as mean = SE.
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Fig. 6 The changes of PT-INR during first 10 days
after the start of artificial liver support.
The open circle and closed circle shows the values
of the patients who survived hepatic failure with-
out transplantation (n=10) and the patients who
died of liver failure {n=0>5), respectively. The PT-
INR decreased rapidly and were kept almost 1.5 in
patients who survived hepatic failure without
transplantation. In patients who died of liver fail-
ure, it could not be below 2.0 with well scheduled
plasma exchange. Data are expressed as mean=*
SE. P=0.012 by linear mixed effects models be-
tween the two groups. *Mann-Whitney U-test, P<
0.05. PT-INR, prothrombin time-dinternational nor-
malized ratio.

o rys

KEZINLOBZITBWTLEETIET T, SikE
CHEM 2 EET 22 LA TR 2 RERMEED HDF
L0 DRGT, HERHBEOBEES P, FEEITIFR

BERRETEBLZ 06, ALSOEBIREBEVES
LEbhs.

FFERE D4 ORE O B, 7 v e T IR ERN
ZIERRETH D, pOoRMRIER B L, BiiRin
T V'S TR 200 ng/dL YL RZEME O £ 72 B FEE
ThBRAV=T OEBREF EWE SR TS0, L
L, 7vES72BRETERIEEN (hemodialysis;
HD)™® D FE ISR AT 5C, 72 5 FERE
BHAFHERICBEZEENDIRESTWRY, T /2, B
T, FASPERTHERISOBS 2 HHL, %
FEHER 74— F HIOLEE 2 RS 2 ERS H 50
Bg s CAMFAREICBY 5 M WRE O B9,
RRIEMERFTH BTV EST & PRAMBERESED
WEMELB RS TFWEDORE, KEMEA T4 =%
DAY I aO—-VEFEFLND.

AR, AT EYERE RN 2 UD, f
BT EWERECEH RN 2 M ER (hemofiltration;
HF) i< & 2 BB IR, 2PN 375%, 40%,
78% & &N, WTNOWBEETH BETRIA+47C
»%5. HDF i3 HD, HF OFH %2 B2, b
T 90 EARE LD SREF A2 LTEASNT
&7z MFERBHELOa VYR g VIREEAET
WE725 ALS LB SR T 59990 HDF % #
B IZ, » o, #F © continuous hemodiafiltration
(CHDF) £ 9%wQD & QS % HvT{T 9 high flow-
volume CHDF $BIRFDOV LD Lo TWn3D®, #
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Fig. 7 The changes of the serum bilirubin levels and DT ratio during first 10 days after

the start of artificial liver support.

The open circle and closed circle shows the values of the patients who survived hepatic
failure without transplantation (n=10) and the patients who died of liver failure (n=5),
respectively. The serum bilirubin levels increased gradually in patients who survived he-
patic failure without transplantation. In patients who died of liver failure, it shows no re-
markable changes in first 10 days after the start of the treatment (A). The DT ratio in-
creased gradually in patients who survived hepatic failure without transplantation. In
patients who died of liver failure, it decreased remarkably (B). Data are expressed as
mean =SE. P<0.001 by linear mixed effects models between the two groups in the
changes of DT ratio. *Mann-Whitney U-test, P<0.05. DT ratio, direct bilirubin/total bili-

rubin ratio.
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Fig. 8 The changes of the serum ammonia levels

during first 10 days after the start of artificial liver
support.
The open circle and closed circle shows the values
of the patients who survived hepatic failure with-
out transplantation (n=10) and the patients who
died of liver failure (n=>5), respectively. The serum
ammonia levels of the patients who survived he-
patic failure without transplantation decreased to
less than 100 pg/dL on the 7th day after the start
of the treatment with a constant tendency. The se-
rum ammonia levels increased gradually in almost
patients who died of liver failure. Data are ex-
pressed as mean *+SE. P<0.001 by linear mixed ef-
fects models between the two groups.

@Ey&qi 50-97.0% v@5)6>25)27)29) JEEV)T Eﬁ}&ﬁjﬁﬁ %*Eﬂ:
T AR S B BT, RS, MIFREE & HDF
RHAT Lo A W AERIFERF 28 32 BIH 0 7 51 (21.9%)
I, FERE 3 B L VB L Rho 2 BEL T3P,
BARE %2 RE T 5 HDF RREEIE X 0 b st
B, F4 794V - MR X b B
TP DNE L 25 Z L%, BEBHOERNLIE
LIENEL %%, F7, BRLEN-ERERBR Y
7 7 — (Sublood®BSG ; 1292 /2020 mL, k&5,
KR PEEEESDLEEL2L%E, BOR P TR
Ve b EMETH 5. CODEBENZIMBEE RS R S v
7 BUETHOMR S OMBHREER DOV X 7 2M& L 7%
vy,

— 7, online HDF i3 BME VBN (7 — &2
% —O®L ; 2500 F9/340 L, WROFRIE FHF) 2 & B
ENBOT, RETREPOBEIMHT S L5
D FIARER V3 2o EBRSEOLERETE A
Ev, bbb OBY AT A CERE QM EN
bBIZ AT 3A MIFRIRERE (NV-A300PA ; 1150
M/tvy ) L3XKBOZYF &Y VBRI VY
(FLX-18GW ; 1760 H/A)BETH 3. —iH 7 HDF
DEBBEA0L/BATHBDIFH LT, bivbh
DYVAT AT OREESTTI2NL 2EHRT LI &N
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HROD - GERSOEED SWEENTVE, Thb
W RERHIRICE W EOMKR R BREMEIEIC L S

EEZZONTV S, BUFARSENIB Y 5 BWEE
By, REREZEETIBREICERT S NS
%. CHDF ZBWTENBEOMILIIEERICHELE L B
BEENTW B0, REOFHEIBRC O W T HERT -
¥ o Tz, #5113 ondine HDF 2B W T EHR
WELZNVY I VBIRESLHETAZ 22 MEL,
P RIER AN P HE SR ICE ST AWREZRLT
WBP, E BRI, BIEDT M) Y MBERERES T
HrT b, BUEFTE2O—-BNL2ERERETHS
&F P AMEDORTEI L o TRANMZ TITL A6
T2BTBDICEETH LD,

ENH D CBIREZ R T 5720, BMEOERL
LEDEZY ) VIVEEL L. bEEOKELE
TRA LD 2ODIV RSV VRERT 4 VF —
PR ERMRLTHEI E1OT7 157 —ER
BOBWHEOMEIL T — 1 v /3B X USRED Pharma-
copoeia 2 2T L MEEINY, E20 T 4 V¥ —
FBRBOBNIEA — 7 L— 7T EE - SR A
HEDZFNLFEOBRETH LY. bbb BT %
FYITMCEY FFEVVHERITVERETHSZ &
RHERL, THETWHBREEY LD B A e
BLTwhv, REZHTTHEE, BEBELHEIC
F ARG O, XEC L AREZIELTWAS.

EHEE $ T0 online HDF OLEEE &, BakED
FRBEEOEEENLCHBETSIL LD, AR
FMRE DREPECHIE F COWRBLERHZ FITE W
BN H 5. REEORESRE T 10 AR EOHE %
BT Wb b0, BEOERENS LU EOWHE
BAREL 2wEAE, BETZIBNOA R M
FTEEDIMCT R EDBRREER T ELELD £
7=, AHFZED O IGEEMS 2-6 HAEECPTE, DT
TYELTEOERY, S FROBENTREL Z X ON,
BEBFOT Y M) — R PSR ERE ORI EE
REWME L5 25, bbb, BHEBEOFELZLF
FARED 2 WIEFICE W T, i 2 BERERE T ALS
MEORFLRE L TV5.

On-ine HDF DN 7-BREEEIZD®, BERED
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HOBRBETT IV I Vid 39-88 g BREI NI (%

53#% 15 (2012)

FRAR). ABEBHNOEREROAR B, RHEOHF
BARERTSBRET LR Z2 L, ALS 2984
RENEELUREDBBENTWE I L9 B
RTREBRBRBOMHICUERBRBEEICEDL L
WEOR LR BT AEENLE L EbRS,

ALS #6817 #1 @ & 7F 212 HDF # high flow-volume
CHDF T 30-55.2% & #itis & hD0W®8 Kigige ¢4
BRES A0 T 0% CEEEHLREETH S, &
TR & FAAERE D PT X DT ICEEITRO 5N D
LBy, REEEE R E2CRETE 0T R W,
ALS OEF LR ZHEMEE S 2 L3, BEREP T v
ELTEICBVERZ L 20T NS h e, 20
APHER IA MIERTE 2. HFRTILFEA,
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fHFE T RIS EAEINT U, MR T v V7
AL LCHAERE LICo 25 e S,

Bk Tid, the MARS® device (Molecular Adsorbent
Recirculating System; Gambro, Stockholm, Sweden),
Prometheus® (Fresenius Medical Care, Bad Homburg,
Germany), the BioLogic-DT™ (HemoCleanse, Lafay-
ette, Indiana, USA) D 3Fi®D ALS &, the HepatoAssist™
device (developed by Arbios Systems, Allendale, New
Jersey, USA), the ELAD® (Extracorporeal Liver As-
sist Device; Vital Therapies, San Diego, California,
USA) @ 2D/ A & S FFRIBRED EW & 2o
TWh, 2N OFFBIERE &, BN 6 O random-
ized controlled trials (RCT) & & L 72 2003 4E 0 A
Y OAH TR, BUFAEENRE L2520 RCT D)
b, EREHRIEEL DR I HORT, ¥
TRATCRIFBANGEAND T ) v VIS AR TR 2 ho
7= (relative risk [RR] 0.87, 95% confidence interval
[CI]0.73-1.05) (acute on chronic liver failure & @ mixed
cases)™. 2011 £ DA ¥ H5H T, 344D RCT 2 W&

L, HroBRBRTRIEEE L RBShh o
oo, HETOHmELELHRE LTS (RROT0

9B %CI049-1.00)9. L L %6, BIGEDOT ) v
VA — AOWFER R FTTE S THORCT 2B
TIRNERESR OB S TR e 2®, Tz, 2
D RCT Tl PTHEOWE DRD o 7290 13
MO RCT IZBWTd, MBS N7 FERIIRHE L 1T ALS
LLOAFIAYYRIy V=X, HEHEOHRE %
ERELTBY, 2hb0EHEL OB CEREICHE A
ELTwRIRETHS. bHED ALS ZiZ#{LL, %
DERBICDTEHBIOBEE % - THFIFRZ
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Establishment of artificial liver support by on-line hemodiafiltration for
patients with acute liver failure

Shinju Arata”*, Yoshihiro Moriwaki”, Kazuhisa Takayama®,
Manabu Morimoto?, Kazushi Numata®”, Masataka Taguri®,
Satoshi Morita®, Hidenori Imanari®, Katsuaki Tanaka?®

Background: We introduced a new artificial liver support (ALS), on-line hemodiafiltration, in patients with
acute liver failure (ALF).

Methods: This case series study was conducted from May 2001 to March 2011. Twenty-eight patients were
treated with ALS including daily on-line hemodiafiltration and plasma exchange.

Results: After 4.2+ 0.5 (mean = SD) sessions, 89.3% of patients completely recovered from encephalopathy
and maintained consciousness until discontinuation of ALS. Significant correlation was observed between the
degree of encephalopathy and number of sessions required for recovery of consciousness. Ten patients fully re-
covered, 6 died of complications of ALF except brain edema, and 4 received liver transplantation, 5 died without
transplantation after discontinuation of ALS. The changes of prothrombin time, direct bilirubin/total bilirubin
ratio, and serum ammonia level shows good information for prognosis.

Conclusions: On-line hemodiafiltration was effective for the management of encephalopathy in patients
with ALF.

Key words: liver failure artificial liver support on-ine HDF fulminant hepatitis
liver transplantation
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ADAMTS13 activity may predict the cumulative survival of
patients with liver cirrhosis in comparison with the
Child-Turcotte-Pugh score and the Model for End-Stage

Liver Disease score

Hiroaki Takaya,' Masahito Uemura,' Yoshihiro Fujimura,®> Masanori Matsumoto,?
Tomomi Matsuyama,' Seiji Kato,? Chie Morioka," Hiromichi Ishizashi,? Yuji Hori,?
Masao Fujimoto,’ Tatsuhiro Tsujimoto,' Hideto Kawaratani,' Masahisa Toyohara,’

Norio Kurumatani® and Hiroshi Fukui’

'Third Department of Internal Medicine, 2Departments of Blood Transfusion Medicine and *Community Health
and Epidemiology, Nara Medical University, Kashihara, Nara, Japan

Aim: Decreased plasma ADAMTS13 activity (ADAMTS13:AC)
results in accumulation of unusually large von Willebrand
factor multimers and platelet thrombi formation. Our aim was
to evaluate whether ADAMTS13:AC is a prognostic marker in
patients with liver cirrhosis.

Methods: Plasma ADAMTS13:AC and its related parameters
were examined in 108 cirrhotic patients.

Results: ADAMTS13:AC decreased as the severity of liver
disease increased (means: controls 100%, Child A-cirrhotics
79%, Child B-cirrhotics 63%, and Child C-cirrhotics 31%).
ADAMTS13:AC markedly decreased in the cirrhotics with
hepatorenal syndrome, refractory ascites and hepatic
encephalopathy. The cumulative survival time was the short-
est (median: 4.5 months) in the cirrhotics with severe to mod-
erate ADAMTS13:AC deficiency (<3-25%), followed by those
with mild ADAMTS13:AC deficiency (25-50%), and was the
longest in those with normal activity (>50%). In contrast,
based on the Child-Turcotte-Pugh (CTP) score, Child C-

cirrhotics had the worst survival, but the survival probabilities
did not differ between Child A and B cirrhotics. Based on the
Model for End-Stage Liver Disease (MELD) score, the survival
was the worst for the cirrhotics in the fourth quartile, but it
was not different among cirrhotics in the first three quartiles.
Cox proportional-hazards regression analysis showed that
ADAMTS13:AC and serum albumin were independent factors
affecting the survival.

Conclusions: ADAMTS13:AC concomitantly decreases as
the functional liver capacity decreases. This activity may be a
useful prognostic marker that is equal or superior to the CTP
score and the MELD score to predict not only the short-term
prognosis but also the long-term survival of the cirrhotic
patients. ‘

Key words: ADAMTS13 activity, Child-Turcotte-Pugh score,
liver cirrhosis, Model for End-Stage Liver Disease score,
prognosis

INTRODUCTION

NCE PATIENTS WITH liver cirthosis (LC) develop
a decompensated condition, the risk of early mor-
tality sharply increases.” Any patient with LC is at risk for
specific life threatening complications such as variceal
bleeding, sepsis, hepatorenal syndrome, and hepatopul-
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“monary syndrome. Many studies examined the factors

that predict the survival of patients with LC.'~” The Child
score was originally designed to assess the prognosis
of cirthotic patients undergoing suirgical treatment for
portal hypertension in 1964, and thereafter its modi-
fied form, the Child-Turcotte-Pugh (CIP) score,® has
been widely used to prognosticate the patients with LC.!
However, this score includes some subjective com-
ponents and does not estimate other factors, such as
renal dysfunction and pulmonary dysfunction, that are
commonly associated with decompensated cirthosis.>?
Furthermore, the CTP score is not always sufficient, par-
ticularly when predicting the short-term prognosis of
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patients.* The Model for End-Stage Liver Disease
(MELD) score was designed to assess the prognosis of
cirthotics who receive transjugular intrahepatic porto-
systemic shunt (TIPS), and has been used as a disease
severity index and a new liver organ allocation system
for liver transplantation since 2002.° However, the
main causes of death, such as variceal bleeding, ascites,
hepatorenal syndrome and hepatopulmonary syn-
drome, in the advanced cirrhotics are not included in
the MELD score.® Patients with advanced liver diseases
tend to bleed because of reduced plasma levels of
several clotting factors and thrombocytopenia, but
they also exhibit thrombotic complications.” Portal or
hepatic vein thrombosis is often observed in advanced
cirthosis,®* and microthrombi formation was found in
one or multiple organs in half of the autopsied cirrhot-
ics.’® This hypercoagulable state may not only affect
hepatic parenchymal extinction, the acceleration of
liver fibrosis, and disease progression but also influ-
ence other organs and potentially lead to multi-organ
failure.

ADAMTS13 (a disintegrin-like and metalloproteinase
with thrombospondin type-1 motifs 13) is a metallo-
proteinase that specifically cleaves the multimeric von
Willebrand factor (VWF) between the Tyrl605 and
Met1606 residues in the A2 domain.""> ADAMTS13
deficiency, caused either by mutations in the
ADAMTS13 gene''™™ or by inhibitory autoantibodies
against ADAMTS13,'5'¢ results in accumulation of
“unusually large” VWF multimers (UL-VWEM) in the
plasma. This accumulation leads to platelet clumping
and/or thrombi under high shear stress and sub-
sequent microcirculatory disturbances. ADAMTS13 is
produced exclusively in the hepatic stellate cells
(HSC),"” although platelets,’”® vascular endothelial
cells,”” and kidney podocytes? have been implicated as
ADAMTS13-producing cells. The plasma levels of von
Willebrand factor antigen (VWE: Ag), the substrate for
ADAMTS13, substantially increases as the liver disease
progresses,”*? and thrombocytopenia is commonly
seen in patients with advanced LC.*-* Previous studies
revealed a significant reduction in the ADAMTS13
activity (ADAMTS13:AC) in advanced LC,*%*” while the
ADAMTS13 activity was unchanged in another study.”
Subsequently, we demonstrated that both the plasma
ADAMTS13 activity and antigen levels decreased as
the severity of cirrhosis increased, and an imbalance
between the decreased ADAMTS13:AC and the
increased levels of its substrate may reflect a state that
predisposes the patients with advanced LC to platelet
thrombus formation.” In addition, we have shown

© 2012 The Japan Society of Hepatology
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that ADAMTS13:AC is reduced in the patients with
hepatic veno-occlusive disease,* alcoholic hepatitis,”
and those undergoing living-donor-related liver trans-
plantation.® Thus, ADAMTS13:AC likely decreases as
the functional liver capacity also declines in advanced
liver diseases. :

In this study, we investigated the relationship between
ADAMTS13:AC and the prognosis of patients with LC,
and examined whether the ADAMTS13:AC is a useful
prognostic factor for dirthotic patients as compared to
the CTP score and the MELD score.

METHODS

Patients

N THIS STUDY, we examined a total of 108 LC

patients, including one patient with thrombotic
thrombocytopenic purpura (TTP).** Patients with a
known history of coagulopathies, platelet disorders, or
liver transplantation at basal evaluation were excluded.
The origin of liver disease was hepatitis C virus (HCV)
in 67 patients, hepatitis B virus (HBV) in 16, alcohol
abuse in 10, primary biliary cirrhosis (PBC) in four,
and cryptogenic in 11. Cirrhosis was diagnosed based
on physical findings and laboratory tests, and in many
cases was confirmed by histological criteria. The cir-
rhotic patients were classified into subgroups, accord-
ing to the CTP score (Table 1), the quartiles of the
MELD risk score (RS) (first quartile, RS: 0-3; second
quartile, RS: 4-7; third quartile, RS: 8-13; and fourth
quartile, RS: 14-43) (Table 2), or the ADAMTS13:AC
(severe to moderate deficiency: <3-25% of the healthy
control, mild deficiency: 25-50%, and the normal
range: >50%) (Table 3). The MELD RS was calculated
according to the following formula: RS=3.8x
log. (bilirubin mg/dL) +11.2 x log. (INR) + 9.6 X log.
(creatinine mg/dL)+ 6.4 x (cause of cirrhosis) in
which the value for the cause of cirthosis was 0 for an
alcoholic or cholestatic etiology and one for viral or
other etiologies.® The spleen volume was determined
by computed tomography (CT) scanning.* The diag-
nosis of ascites, spontaneous bacterial peritonitis
(SBP), and hepatorenal syndrome was made according
to previously described criteria.?® Hepatic encephalopa-
thy grade II or higher was evaluated by the classifica-
tion of Trey et al.® Endoscopic signs of an impending
variceal rupture were classified according to the criteria
of the Japanese Research Society for Portal Hyperten-
sion.’” The Japan Integrated Staging (JIS) score was
obtained by adding the tumor stage score of hepato-
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Table 1 Clinical data of the patients with liver cirthosis according to the Child-Turcotte-Pugh (CTP) score

ADAMTS13 and prognosis of liver cirrhosis 461

Child A (n=35)

Child B (n=33)

Child C (n = 40)

Age (years) 66.4%+7.8 63.6+8.3 64.7%15.1
Sex (male/female) 25/10 17/16 22/18
Cause of liver disease
HCV/HBV/Alcohol/PBC/Cryptogenic 24/4/4/0/3 20/7/2/0/4 23/5/4/4/4
Child~Pugh score 55+0.5 7.9+1.0%* 11.4 £1.5**%**+*
MELD score 6%5 9+5* 16 8***xx
Platelet count (x10*/mm?) 9.6%4.6 6.9+2.4* 59+3.6*
Spleen volume {mm?) 323 +181 399 +£250 551 £ 243 % x*
Ascites (—/easily mobilized/refractory) 0 21/10/2 8/6/26
Spontaneous bacterial peritonitis 0 0 10 % ***
Hepatorenal syndrome (+) 0 0 10% ***
Encephalopathy (+) 0 9* EVAREAA
Esophageal varices (—/mild/severe)t 10/12/13 3/7/23* 3/6/31**

Each incidence (—/mild/severe)t 29%/34%/37% 9%/21%/70%* 7%/ 15%/78%* *
Hepatocellular carcinoma (+) 22 16 19
JIS scoret 1.4+£0.9 2.8+ 1.0** 3.7 1 1x*rxs
Portal thrombosis 0 3 3
Outcome (alive/died) 30/5 27/6 9/31
Cause of death

Hepatocellular carcinoma 4 5 17

Hepatic failure 0 0 7

Hepatorenal syndrome 0 0 6

Gastrointestinal bleeding 0 1 0

Thrombotic thrombocytopenic purpura 0 0 1

Acute myocardial infarction 1 0 0

*P<0.01 and **P <0.001 vs. cirthotics with Child A, respectively. ***P<0.01 and ****P < 0.001 vs. cirthotics with Child B,

respectively.

tMild or severe esophageal varices indicate lesions without or with endoscopic signs of impending variceal rupture, respectively.
$The Japan Integrated Staging score obtained via the summation of Child~Pugh score and tumor stage score.

The data are expressed as mean + standard deviation (SD).

HBV, hepatitis B virus; HCV, hepatitis C virus; PBC, primary biliary cirrhosis.

cellular carcinoma (HCC) and the CTP score.?® The
portal thrombosis was examined by Doppler-
ultrasonography (US). Once patients were discharged,
they were carefully followed up by conventional
liver function tests and tumor markers including
o-fetoprotein and des-y-catboxy prothrombin every
month as outpatients until death, which was the
primary end-point to estimate survival probabilities by
the CTIP score, the MELD score and ADAMTS13:AC.
Patients with liver transplantation were, therefore,
excluded. Image diagnosis by US, dynamic enhanced
CT, or dynamic enhanced magnetic resonance imaging
(MRI) was performed every 3 months to evaluate the
presence or absence of HCC or ascites. All subjects pro-
vided informed consent to participate in the study. The
study protocol was approved by the Nara Medical Uni-
versity Hospital Ethics Committee.

Determination of ADAMTS13:AC, VWF: Ag,
VWF: RCo, UL-VWFMs and ADAMTS13:INH

Blood samples were taken from patients at the time of
admission or during their hospital stay. These samples
were stored in plastic tubes containing 1/10th the
volume of 3.8% sodium citrate. Platelet-poor plasma
was prepared by centrifuging at 3000 g at 4°C for
15 min and stored in aliquots at —80°C until analysis.
For seven patients with LC, a second plasma sample was
taken between days 120 and 630 (mean: 345 days)
during their second hospitalization because of hepatic
encephalopathy (three patients), ascites augmentation
(three patients), and variceal rupture (one patient).
Plasma ADAMTS13:AC was determined by the classic
VWEM assay**? and the sensitive chromogenic enzyme-
linked immunosorbent assay (ELISA, ADAMTS13-act-

© 2012 The Japan Society of Hepatology
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Table 2 Clinical data of the patients with liver cirrhosis according to the Model for End-Stage Liver Disease (MELD) score

First quartile (n = 12)

Second quartile (n = 30)

Third quartile (n=33)

Fourth quartile (n = 33)

‘w12 ehee]l 'H T9F

=-LT11 -

Age (years) 63.8+7.9 68.0+8.8 65.1+104 66.7£9.5
Sex (male/female) 6/6 16/14 21/12 24/9
Cause of liver disease
HCV/HBV/Alcohol/PBC/Cryptogenic 6/2/3/0/1 21/3/4/1/1 20/7/0/3/3 20/4/3/0/6
Child-Pugh score 6.6+1.7 6.8+2.0 7.9%1.9%%* 11,1 £ 2 5% sk s domokknxk
ADMTS13 activity (%) 69 + 25 74434 68 %29 39 4 D Fr AR AR
MELD score 2+3 G+ 1** 10 £ 2xxoxxhx 19 £ G* ook Rk Rk
Platelet count (x10*/mm?) 9.2+6.0 10.7+£8.7 7.8+£4.2 6.8 £ 4. 1***%*
Spleen volume (mm°) 285+75 397 + 146 386 £ 99 567 £ 1627 *xoxxrxx
Ascites (—/easily mobilized/refractory) 11/1/0 24/4/2 24/5]4 5G] 225wk ok ok xdxx
Spontaneous bacterial peritonitis 0 1 1 G H K A KA Ak
Hepatorenal syndrome (+) 0 1 0 Q ko ok ok ok k%
Encephalopathy (—/+) 1 4 9 DT A A
Esophageal varices (—/mild/severe)t 4/3/5 6/9/15 4/9/20 2/4/27

Fach incidence (—/mild/severe)t 33%/25%/42% 20%/30%/50% 12%/27%/61% 6%/ 12%[82%p* ** ***
Hepatocellular carcinoma (+) 5 16 16 20
J18 scoret 1.8+1.3 1.7x1.0 22+12 3.6 & 1.3 HAH A E AR A AR
Portal thrombosis 0 3 : 2 1
Outcome (alive/died) 9/3 25(5 24/9 8/25
Cause of death

Hepatocellular carcinoma 0 3 6 17

Hepatic failure 1 1 3 2

Hepatorenal syndrome 0 1 0 5

Gastrointestinal bleeding 1 0 0 0

Thrombotic thrombocytopenic purpura 0 0 0 1

Acute myocardial infarction 1 0 0 0

*P < 0.05 and **P < 0.001 vs. cirrhotics with the first quartile, respectively. ***P < 0.05 and ****P < 0.001 vs. cirthotics with the second quartile, respectively.
x*#+%P < 0.05 and ******P < 0.001 vs, cirrhotics with the third quartile, respectively.

+Mild or severe esophageal varices indicate lesions without or with endoscopic signs of impending variceal rupture, respectively.

#The Japan Integrated Staging score obtained via the summation of Child-Pugh score and tumor stage score.*®

The data are expressed as mean = standard deviation (SD).

HBV, hepatitis B virus; HCV, hepatitis C virus; PBC, primary biliary cirrhosis.
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Table 3 Clinical data of the patients with liver cirrhosis according to the ADAMTS13 activity

ADAMTS13 and prognosis of liver cirrhosis 463

Normal range Mild deficiency Severe to moderate deficiency
(>50%) (25-50%) (<25%)
(n=56) (n=27) (n=25)
Age (years) 64.9+£10.8 66.8+7.6 67.8+9.4
Sex (male/female) 32/24 15/12 20/5
Cause of liver disease
HCV/HBV/Alcohol/PBC/Cryptogenic 34/9/7{2/4 19/3/1/0/4 14/4/2/2/3
ADMTS13 activity (%) 83+22 43 £12** 20 £ 18 HHHxH
Child-Pugh score 7.0%£1.9 9.5 £3.0%* 10.7+£2.3**
MELD score 7%5 13£9** 16 £6**
Platelet count (x10%/mm?) 9.5+5.6 82%79 6.5+3.2*
Spleen volume (mm?) 324+ 85 559 £ 104** 534 +198**
Ascites (—/easily mobilized/refractory) 46/8/2 11/4/12%* 7/4/14**
Spontaneous bacterial peritonitis 0 2% A
Hepatorenal syndrome (+) 0 2* Rl
Encephalopathy (-/+) 6 13** 22FHkHH
Esophageal varices (~/mild/severe)t 9/18/29 5/4/18 2/3/20
Each incidence (~/mild/severe)t 16%/32%/52% 19%/15%/66% 89%/12%/80%
Hepatocellular carcinoma (+) 27 15 15
JIS score? 1.9+13 25%1.5 3.6 £0.9** **x
Portal thrombosis 0 3 3
Outcome (alive/died) 45/11 15/12 6/19
Cause of death
Hepatocellular carcinoma 6 7 13
Hepatic failure 3 3 1
Hepatorenal syndrome 0 2 4
Gastrointestinal bleeding 1 0 0
Thrombotic thrombocytopenic purpura 0 0 1
Acute myocardial infarction 1 0 0

*P<0.05 and **P <0.001 vs. cirthotics with >50% of ADAMTS13 activity, respectively. ***P < 0.05 and ****P < 0.001 vs. cirthotics

with 25% to 50% of ADAMTS13, respectively.

tMild or severe esophageal varices indicate lesions without or with endoscopic signs of impending variceal rupture, respectively.
+The Japan Integrated Staging score obtained via the summation of Child-Pugh score and tumor stage score 3
The data are expressed as mean + standard deviation (SD).

HBV, hepatitis B virus; HCV, hepatitis C virus; PBC, primary biliary cirrhosis.

ELISA: Kainos Laboratories Inc., Tokyo, Japan).* The
normal values were 102 + 23% in the VWFM assay®
and 99 £ 22% in the act-ELISA.** Plasma VWF: Ag was
measured using a rabbit polyclonal sandwich ELISA
(Dako, Denmark), and its normal level was 100 + 53%
(n=60, age: 20-39 years). VWF ristocetin cofactor
activity (VWF: RCo) was determined as previously
described,*? and its normal value was 100 £ 15%. In 49
LC patients with lower ADAMTS13:AC (<50% of the
normal control), the plasma UL-VWFMs were analyzed
by a vertical sodium dodecyl sulfate (SDS)-1.0%
agarose gel electrophoresis system* and evaluated
using NIH image J. ADAMTS13 inhibitor (ADAMTS13:
INH) was evaluated using plasma that was heat-
inactivated at 56°C for 30 min.”*'®* One Bethesda unit

(BU) of inhibitor was defined as the amount of
plasma that reduces ADAMTS13:AC to 50% of the
control,** and its titer was considered significant at
>0.5 BU/mL.

Statistical analysis

The differences among cirrhotics with the CIP score, the
MELD score, and the ADAMTS13:AC, and healthy
subjects were analyzed with the Kruskal-Wallis rank
test before pair-wise comparisons (Tables 1-4). If the
Kruskal-Wallis rank test showed significant differences
in each parameter among groups, pairwise comparison
in each parameter was evaluated by Mann-Whitney
U-test for continuous variables. The y?-test was used for

© 2012 The Japan Society of Hepatology
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Table 4 The plasma values of ADAMTS13 activity and its related parameters

Variable Liver cirrhosis Healthy
subjects
Child A (n=35) Child B (n=33) Child C (n =40) (n=60)
ADAMTS13:AC (%) (VWFM assay) 79 £25%* 63 £ 34% % x** 31 £ 22K Fwk kR R A 102 +23
ADAMTS13:AC (%) (ELISA) 80 £24%** 65 3 HHkxH EVE VAR 99 +22
VWE: Ag (%) 320 £ 174** 436 £ 267* % x*x* 4806 £ 254+ **¥x 100 +53
VWE: RCo (%) 186 £ 137* 198 £172* 227 +187* 100+ 15
VWE: RCo/VWF: Ag ratio 0.63 £0.49%* 0.50 £ 0.46%* 0.51 £0.40** 1.1+£0.42
VWEF: RCo/ADAMTS13 ratio 1.6 £1.7** 5.0 5. 7% xx* 16.8 £ 28 2% *¥xkaxs 09+0.2
VWFM patternst 2/0/0 8***/5***/0 6/20****‘*****/8***'*****
(degraded/normal/unusually-large)
Inhibitor against ADAMTS13t 1 gx** 19 *** absent

(number of positive cases)

*P<0.05 and **P < 0.001 vs. healthy subjects, respectively. ***P < 0.05, and ****P < 0.001 vs. cirrhotics with Child A, respectively.
*E*¥*P<0.05 and ******P < 0.001 vs. cirthotics with Child B, respectively.
tThe VWEM patterns and ADAMTS13 inhibitor were analyzed in 49 cirrhotic patients with lower ADAMTS13:AC (less than 50% of the

healthy control).
The data are expressed as mean * standard deviation (SD).

ADAMTS13: AC, ADAMTS13 activity; ELISA, enzyme-linked immunosorbent assay; VWF: Ag, von Willebrand factor antigen; VWF: RCo,
von Willebrand factor ristocetin cofactor activity; VWFM, von Willebrand factor multimer.

categorical data. The differences in the ADAMTS13:AC
and CTP scores obtained by the sequential study in
identical patients were estimated by Wilcoxon signed-
ranks test. Correlations were calculated by the Spearman
rank test. The analyses were carried out using Statview
statistical software (version 5.0; SAS Institute Inc., Cary,
NC, USA). The Kaplan-Meier analysis was used to
evaluate the prognosis of cirthotic patients according
to the degree of the CIP score, the MELD score and
plasma ADAMTS13:AC (Figs 1-3) by the log-rank test
using StatMate IV for Windows (AT0484, Advanced
Technology for Medicine & Science, Tokyo, Japan). Cox
proportional-hazard model was used to evaluate the
hazard ratio of each class in the CTP score, the MELD
score, and the ADAMTS13:AC (Table 5). In addition,
Cox proportional-hazards regression analysis was
applied to determine independent prognostic markers
including the ADAMTS13:AC. The following eight vari-
ables were analyzed for potential covariates to predict
the survival at the time of sample collection: age, sex,
ADAMTS13:AC, albumin, total bilirubin, prothrombin
time, blood ammonia, and platelet count. Although
continuous variables without data conversion were used
at first, some multivariate analyses could not be per-
formed because of the multi-collinearity among param-
eters, and then, several variables were transformed
into categorical data consisting of two or three simple
ordinal numbers to obtain each hazard ratio (Table 6).

© 2012 The Japan Society of Hepatology

To further compare the overall accuracy of these three
models including the CTP score, the MELD score, and
the ADAMTS13:AC, the areas under the curves (AUCs)
were determined by receiver operating characteristic
(ROC) curves for 1-year and 2-year survival (Fig. 4). The

100
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% Cumulative survival
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0 ) : : . . . :
0 12 24 36 48 60 72 84 96
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Figure 1 The cumulative survival rate of 108 patients with
liver cirrhosis according to the Child classification. Child C
patients had worse survival than Child A and B patients, but
the survival probabilities were not different between Child A
and Child B patients (Log rank test among the three groups,
P <0.0001; Child C vs. Child A, P <0.0001; Child C vs. Child
B, P <0.0001). The red, blue, and green lines indicate cirrhotic
patients with Child A, Child B, and Child C, respectively.
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