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Figure 2. Time to the first episode of bacterial pneumonia. The
pneumonia patients were divided into 2 groups: early-onset
pneumonia (n = 35) and delayed-onset pneumonia (n = 15).

the anterior segment of a right lobe graft (n = 1), por-
tal vein thrombosis (n = 1), and prolonged mechanical
ventilation due to pulmonary hypertension (n = 1).

Susceptibilities of Gram-Negative Bacteria
Causing Pneumonia to Antibiotic Regimens

The susceptibility of gram-negative bacteria in
patients with pneumonia (n = 42) is summarized in
Fig. 4. The gram-negative bacteria had low suscepti-
bility to cefazolin (CAZ; 5.3%) and ABPC/SBT (17.9%)
and moderate susceptibility to cefepime (CFPM;
59.4%), piperacillin (PIPC)/tazobactam (TAZ; 61.5%),
MEPM (66.7%), and GM (66.7%). The gram-negative
bacteria were more susceptible to levofloxacin (LVFX;
74.4%) and combinations of broad-spectrum antibiot-
ics with GM (CFPM and GM, 72.7%; PIPC/TAZ and
GM, 74.4%; MEPM and GM, 74.4%; and LVFX and
GM, 76.9%). Stenotrophomonas maltophilia (n = 10)
accounted for 23.8% of the gram-negative bacteria re-
sponsible for pneumonia, and it showed high resist-
ance to broad-spectrum antibiotics (except for mino-
cycline hydrochloride). LVFX and combinations of
broad-spectrum antibiotics with GM provided cover
for almost all gram-negative bacteria except S.
maltophilia.

DISCUSSION

In a 1996 study of patients who underwent DDLT,
Singh et al.® reported that 14.8% of the patients expe-
rienced pneumonia with a mortality rate of 53% after
transplantation. In contrast, Weiss et al.® reported
that 15.5% of patients developed pneumonia within 6
days after transplantation, but the mortality rate was
much lower: 21.7%. The mortality rate of patients
with early-onset pneumonia was 25.7% in our study
of patients after LDLT and was thus similar to the
rate reported by Weiss et al. The mortality rate of
patients with delayed-onset pneumonia, however, was
quite high in our study: 73.3%. The precise impact of

IKEGAMI ET AL. 1065
| P <001
40 r n=9
(25.7%)
30
< 20 -

n=11(73.3%)

Early-onset Delayed-onset
pneumonia pneumonia
(n=35) (n = 15)

Figure 3. Early graft loss in patients with early-onset or delayed-
onset bacterial pneumonia. The shaded portion of each bar shows
the number of patients who experienced early graft loss.

graft dysfunction on delayed-onset pneumonia is diffi-
cult to evaluate because both events could affect or
cause each other.'°

Only 1 study has investigated the prevalence of
postoperative bacterial pneumonia in LDLT. Saner
et al.® analyzed 55 LDLT recipients with a mean
MELD score of 14.2 and found that 18.2% of the
patients experienced pneumonia with a low 1l-year
survival rate of 42%. They concluded that the high
mortality rate might be due to the longer warm ische-
mia time and the smaller graft size. Although GRWR
was not described in their report, our series used
small LDLT grafts (mean GRWR = 0.81%) and had
the same warm ischemia time (39 minutes), but the
mean MELD score was 17.4. The main difference
between the Essen series® and our series is that the
Essen series included more patients with alcoholic
cirrhosis (21.8% versus 4%) and had fewer patients
(55 versus 346); this suggests some learning curve
effect.

Risk factors for developing pneumonia after LDLT
included diabetes, pretransplant UNOS status 1 or
2A, and massive operative blood loss. A negative
impact of diabetes on various infections has been
reported within the context of abnormal neutrophil
function (particularly impaired chemotaxis, phagocy-
tosis, and bacterial killing).'® Kornum et al.’” per-
formed a case-control study and showed that well
controlled diabetes (hemoglobin Alc < 7%) and poorly
controlled diabetes (hemoglobin Alc > 9%) were asso-
ciated with increased risks of pneumonia (22% and
60%, respectively).

The deterioration of the patient’s general status (ie,
UNOS status 1 or 24A) is largely associated with poor
short-term graft outcomes, as previously reported for
DDLT.'® Even for LDLT, it has been reported that
both the disease severity and the general condition
have a great impact on short-term graft survival,
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TABLE 3. Characteristics of Patients With Early-Onset Pneumonia and Patients With Delayed-Onset Pneumonia
Posttransplant Pneumonia
Early Onset Delayed
(n = 35) Onset (n = 15) PValue
Recipient factors
Male sex [n (%)] 16 (45.7) 7 (46.7) 0.95
Age (years)* 54.9 + 10.6 49.1 + 8.7 0.07
Child class C [n (%)} 7 (20.0) 9 (60.0) <0.01
MELD score* 182 = 7.6 18.3 + 8.5 0.96
UNOS status 1 or 2A [n (%)] 12 (34.3) 14 (93.3) <0.01
Acute liver failure [n (%)] 4 (11.4) 4 (26.7) 0.18
Major shunt vessels [n (%)] 19 (54.3) 7 (46.7) 0.62
Diabetes [n (%)] 14 (40.0) 4 (26.7) 0.37
Donor factors
Male sex [n (%0)] 26 (74.3) 8 (563.3) 0.15
Donor age (years)* 36.6 + 11.8 42.3 + 13.56 0.14
Left lobe graft [n (%)] 22 {62.9) 7 (46.7) 0.29
GV/SLV (%)* 42.1 =+ 9.7 443+ 7.0 0.42
GRWR (%)* 0.81 +0.22 0.82 + 0.17 0.93
Recipient surgery
Cold ischemia time (minutes)* 78 £ 44 103 = 47 0.07
‘Warm ischemia time (minutes)* 36 + 9.4 45 + 11 0.01
Hepatic artery flow (mL/minute}* 88 + b7 125 + 42 0.03
PVF/GV ratio (mL/100 g)* 378 + 140 229 + 80.5 <0.01
PVP at closure (mm Hg)* 16.1 + 3.5 20.4 + 6.9 <0.01
Splenectomy [n (%)] 18 (51.4) 7 (46.7) 0.76
Duct to duct [n (%)] 29 (82.9) 10 (66.7) 0.20
Operative time {minutes)* 803 + 144 873 = 210 0.18
Operative blood loss (L)* 6.6 7.5 13.5 = 12.8 0.02
Transfused red blood cells (U}* 14 + 9 40 *+ 30 <0.01
Transfused frozen plasma (U)* 20 + 12 40 + 28 <0.01
Postoperative factors
Hepatic artery thrombosis [n (%])] 2 (5.7) 1(6.7) 0.89
Portal vein thrombosis [n (%)] 0 (0.0) 1(6.7) 0.12
Acute cellular rejection [n (%)] 4(11.4) 1(6.7) 0.61
Total bilirubin on day 14 (mg/dL)* 10.1 = 8.3 179 = 11.9 0.01
Ascites output on day 14 (L/day)* 0.67 = 0.78 099 + 1.2 0.27
Prothrombin time/international normalized ratio on day 14* 1.2 + 0.2 1.6 = 0.2 < 0.01
*The data are presented as means and standard deviations.
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Figure 4. Susceptibility of gram-negative bacteria (n = 42).
Stenotrophomonas maltophilia n = 10 (23.8%)] was highly
resistant to the commonly used broad-spectrum antibiotics.

although the impact of the MELD system on post-
LDLT outcomes has been denied or is still under dis-
cussion.'®2! In the current analysis, delayed-onset
pneumonia was largely associated with poor graft dys-
function (whether the cause was primary or second-
ary). The prevalence of ventilator-associated nosoco-
mial organisms, including S. maltophilia in the
current series, could be attributed to the fact that sec-
ondary delayed-onset pneumonia was preceded by
poorly functioning grafts. The duration of mechanical
ventilation was significantly prolonged in patients
with pneumonia caused by S. maltophilia versus
patients with pneumonia caused by other types of
bacteria.

Dysfunctional immunity caused by massive blood
loss and resulting massive transfusions has also been
reported.?22% Shorr et al.?? reported a transfusion vol-
ume-dependent increase in ventilator-associated
pneumonia in trauma patients. Meanwhile, Bernard
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et al.?® reported that packed red blood cell transfu-
sions of 1, 2, or 10 U increased the risk of septic
shock with odds ratios of 1.29, 1.53, and 2.29,
respectively, in general surgery patients.

In our series of patients, gram-negative bacteria
were the most common causative pathogens (84%), as
compared with the earlier reports in DDLT. In patients
with delayed-onset pneumonia, almost all of the bac-
teria responsible for pneumonia were gram-negative
bacteria (93%). The most common bacteria isolated in
this study were P. aeruginosa and S. maltophilia; the
latter is an emerging and clinically significant causa-
tive pathogen for posttransplant infections. It is an
aerobe gram-negative bacterium and is a relatively
rare human pathogen.>*?® However, this species is
highly resistant to antibiotics because of its overpro-
duction of B-lactamase and its high mutation rate.?*
26 1t has been suggested that high-dose sulfamethoxa-
zole/trimethoprim may be the only effective treatment
for this species.?*® In the current series, the suscep-
tibility of S. maltophilia to common antibiotics was as
follows: 0% for CAZ, SBT/ABPC, CFPM, PIPC/TAZ,
MEPM and sulfamethoxazole/trimethoprim; 10% for
GM; 20% for LVFX; and 90% for minocycline
hydrochloride.

Although it has been suggested that sulfamethoxa-
zole/trimethoprim is the most effective treatment for S.
maltophilia, our results do not support this. Instead,
we found particularly high susceptibility to minocycline
hydrochloride. Nevertheless, it is also true that a high
sensitivity of S. maltophilia to minocycline hydrochlor-
ide has been demonstrated only in vitro and not in
vivo.?*2® Antimicrobial regimens such as LVFX, CFPM
and GM, TAZ/PIPC and GM, and MEPM and GM are
appropriate for posttransplant pneumonia because
they cover most gram-negative bacteria, including P.
aeruginosa (but not S. maltophilia). Further studies are
necessary to better optimize the treatment of bacterial
pneumonia after LDLT.

In conclusion, bacterial pneumonia (particularly
delayed-onset pneumonia) is the most serious type of
infection after LDLT. Risk factors for bacterial pneu-
monia include diabetes, the deterioration of the
patient’s general condition at the time of transplanta-
tion, and massive blood loss during surgery. Delayed-
onset pneumonia and the emergence of S. maltophilia
are major issues that need to be addressed.
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Vessels Controlling Portal Hemodynamic Status in
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Gastroesophageal shunts are commonly seen in patients
with terminal liver disease requiring liver transplantation.’
These shunts cause increased portal pressure in the gastro-
esophageal varices, increasing the risk of rupture and also
allowing hepatofugal portal flow, which causes graft hypo-
perfusion and dysfunction after living donor liver trans-
plantation (LDLT).?? However, isolation and division of
the vessels is difficult to achieve because of their anatomic
properties. Moreover, obstruction of the shunt vessels may
cause excessively high portal pressure, resulting in small-
for-size graft dysfunction.* We describe a safe and rational
technique for dividing the gastroesophageal hepatofugal
shunts and left gastric arteries en bloc using end-stapling
devices. Using this method, we can eradiate the shunts
without increasing portal pressure.

METHODS

Indications for en bloc division of gastroesophageal ves-
sels with major hepatofugal shunts include the larger
caliber (>1 cm) vessels. In cases in which the left hepatic
artery is replaced with a vessel originating from the left
gastric artery, the technique is postponed until the graft
arterialization is completed from other arterial sources
in the recipient. Portal venous pressure is continuously
monitored during LDLT surgery using a cannula (Medi-
cut LCV-UK catheter 14G, Nippon Sherwood Inc) in-
serted into the superior mesenteric vein via a terminal
jejunal vein.

We perform en bloc stapling division of the gastroesoph-
ageal vessels including huge hepatofugal shunts and the left
gastric arterial systems as follows. After reperfusion of the
graft, splenectomy is performed using a vessel-sealing sys-
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tem (LigaSure Atlas, Valleylab Inc) and endo-stapling de-
vices (Echelon Flex Endopath Staplers 60-2.5, Ethicon
Endo-Surgery Inc) to decrease the portal pressure, as pre-
viously described.” The gastrocolic and gastrosplenic liga-
ments are completely divided during splenectomy using
the vessel-sealing system. Division of the left gastric liga-
ment is started only when arterial reconstruction is com-
plete because the gastric arterial system might be used for
hepatic artery reconstruction.

The greater curvature of the stomach is manually lifted,
the endo-stapling devices are applied to the base of the left
gastric ligament including the left gastric artery, engorged
coronary vein, and collateral vessels (Fig. 1A). The left
gastric ligament is then divided en bloc using endo-
stapling devices (Fig. 1B). Before the staples are fired,
the esophagogastric junction, in which a nasogastric
tube has been inserted, is manually palpated to prevent
possibly injuring the esophagus. The tip of the endo-
stapling device should be pointed vertically to the crus
muscle for this purpose. Two sessions of this mancuver
might be necessary to divide the ligaments, including
the tortuous shunt vessels, therefore exposing the dia-
phragmatic crus. After division of the ligament, the sta-
pled stump is mass-sutured using continuous 3-0
Prolene sutures with an SH needle (Ethicon Inc) to pre-
vent postsurgical bleeding and occlude the retroperito-
neal collateral veins. The stapled stump is also mass-
sutured on the stomach side using the same sutures.

RESULTS

Between January 2011 and January 2012, 40 LDLTs were
performed at Kyushu University Hospital. Among these
cases, stapling division of the gastroesophageal vessels to
control portal hemodynamic status was performed in 13
patients (32.5%) with simultaneous splenectomy. The
mean Model for End-Stage Liver Discase (MELD) scote of
these patients was 15.5. £ 4.4. The endo-stapling devices
were applied safely in all of the patients (Fig. 2A) without
significant blood loss (Fig. 2B). The gastroesophageal
shunt vessels (Fig. 2C) were successfully obstructed using
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Figure 1. (A) The en bloc endo-stapling device was applied at the
base of the left gastric ligament including the left gastric arterial
system and the gastroesophageal shunts. (B) The left gastric liga-
ment was divided en bloc.

this approach (Fig. 2D) in all of the patients. Although the
left hepatic artery was replaced with a branch from the left
gastric artery in 4 patients, our technique could be applied
after graft arterial reconstruction using the right hepatic
arteries.

The portal pressure decreased from 18.8 = 5.6 mmHg
to 17.4 * 4.2 mmHg (p = 0.02, paired #test) after sta-
pling division of the gastroesophageal shunt vessels. There
was no significant change in portal flow (1.65 * 0.51
L/minvs 1.73 = 0.60 L/min, p = 0.79, paired #test) after
division of the gastroesophageal shunt vessels. We did not
perform pyloroplasty in this series because of the risk of
postoperative complications including bleeding or leakage.
However, no apparent gastroparesis or gastric stasis was
observed.

DISCUSSION

Gastroesophageal shunt vessels are commonly seen in pa-
tients with terminal liver disease who undergo liver trans-
plantation. However, surgical isolation and ligation of the
shunts in LDLT is a technically difficult procedure often
associated with massive bleeding. This en bloc procedure
may also increase portal pressure, resulting in graft
dysfunction.

Although gastroesophageal shunt vessels in terminal
liver disease are derived from coronary or left gastric veins,
their appearances differ greatly." Gastroesophageal shunts
are usually multiple in number, are coiled or tortuous in
shape, engorged with a thin wall, and are buried in the
retroperitoneum on the diaphragmatic crus. Therefore,
manual isolation and ligation of such vessels is technically
very difficult and may cause massive bleeding. In contrast,
en bloc division of such vessels using endo-stapling devices
is much safer, and does not require dissection or tying. In
1998, Hashizume and colleagues® first reported en bloc
division of upper gastric vessels and splenectomy using
endo-stapling devices under laparoscopy for patients with
portal hypertension. Once the left gastric ligament is di-
vided in two with the stapling devices, the retroperitoneal
or gastric varices are easily mass-sutured for occlusion un-
der a broad surgical field. Such mass-sutures are also useful
for reinforcing the stapled stumps to prevent later bleeding
or oozing. Moreover, stapling division followed by suturing
could eliminate the multiple shunts; the isolation tech-
nique cannot.

Increases in portal pressure are also associated with iso-
lated ligation of gastroesophageal shunt vessels.” It is well
known that increased portal pressure is a significant cause
of graft dysfunction in LDIT, and is characterized by pro-
longed cholestasis and intractable ascites. Therefore, to
safely obstruct the portosystemic shunt vessels, the
splanchnic or portal inflow should be controlled.” By si-
multaneous en bloc division of the left gastric arteries and
the gastroesophageal shunts using endo-stapling devices,
the portal pressure can be controlled. We previously re-
ported splenic artery ligation in 2004® and splenectomy to
control portal pressure in 2008.” The technique described
here represents a third approach to controlling portal in-
flow in LDLT.

Although gastroesophageal varices or other portosys-
temic shunts might be improved during the years after
LDLT, they might be causes of insufficient portal inflows
into the transplanted grafts.” Therefore, we indicate the
stapling division of the gastroesophageal vessels as major
hepatofugal shunts including the larger caliber (>1 cm)
vessels. Currently, we indicate the technique regardless of
the portal pressure after reperfusion in LDLT. For other
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Figure 2. (A) Application and (B) firing of the endo-stapling devices. (C, white arrowheads) The major gastroesophageal shunt vessels (D,

white circle) were eradicated, as confirmed by CT with 3-dimensional reconstruction.

types of major portosystemic shunts, including sprenorenal
shunts and mesocaval shunts, we obstruct all such vessels
during LDLT, simplifying the portal circulation system,
because of the early experiences with portal steal phenom-
ena, as Lee and associates® reported.

CONCLUSIONS

En bloc stapling division of the gastroesophageal vessels is a
safe and rational technique in obstructing gastroesophageal

hepatofugal shunts without increasing the portal pressure in
LDLT.
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The purpose of this study is to propose a new concept
of primary graft dysfunction (PGD) after living donor
liver transplantation (LDLT), characterized by delayed
functional hyperbilirubinemia (DFH) and a high early
graft mortality rate. A total of 210 adult-to-adult LDLT
grafts without anatomical, immunological or hepatitis-
related issues were included. All of the grafts with early
mortality (n = 13) caused by PGD in LDLT had max-
imum total bilirubin levels >20 mg/dL after postop-
erative day 7 (p < 0.001). No other factors, including
prothrombin time, ammonia level or ascites output af-
ter surgery were associated with early mortality. Thus,
DFH of >20 mg/dL for >seven consecutive days oc-
curring after postoperative day 7 (DFH-20) was used
to characterize PGD. DFH-20 showed high sensitivity
(100%) and specificity (95.4%) for PGD with early mor-
tality. Among the grafts with DFH-20 (n = 22), those
with early mortality {n = 13) showed coagulopathy (PT-
INR > 2), compared with those without mortality (p =
0.002). Pathological findings in the grafts with DFH-20
included hepatocyte ballooning and cholestasis, which
were particularly prominent in the centrilobular zone.
PGD after LDLT is associated with DFH-20 caused by
graft, recipient and surgical factors, and increases the
risk of early graft mortality.

Key words: Donor age, graft dysfunction, hyperbiliru-
binemia, living donor liver transplantation, small-for-
size

Abbreviations: DDLT, deceased donor liver transplan-
tation; DFH, delayed functional hyperbilirubinemia;
GRWR, graft recipient weight ratio; GV, graft volume;
GW, graft weight; LDLT, living donor liver transplanta-
tion; MELD, model for end-stage liver disease; PGD,
primary graft dysfunction; PNF, primary graft nonfunc-
tion; POD, postoperative day; PT-INR, prothrombin
time international normalized ratio; PVF, portal ve-
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nous flow; PVP, portal venous pressure; ROC, receiver
operating characteristic curve; SLV, standard liver vol-
ume; T.Bil, total bilirubin.
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Introduction

In deceased donor liver transplantation (DDLT), primary
graft nonfunction {PNF) is one of the most serious and life-
threatening conditions in the immediate postoperative pe-
riod (1-3). PNF has been attributed to graft steatosis, pro-
longed cold ischemic time and advanced donor age (1,2).
Unfortunately, PNF is usually irreversible, which means that
early retransplantation is still the only treatment option (3).

In living donor liver transplantation (LDLT), the clinical char
acteristics of functional graft failure, hereafter referred to
as primary graft dysfunction (PGD), are expected to be very
different from those of PNF after DDLT because of differ
ences in graft quality, size and preservation time (4,5). In
LDLT, a qualified liver graft is usually obtained after exhaus-
tive donor selection processes, and is transplanted after a
very short cold ischemic time (4-7). However, LDLT grafts
are always small-sized liver grafts, which may not be suf-
ficient for the recipient’s requirements (8,9). Therefore, in
the mid-2000s, many institutes started to recommend the
use of larger grafts to prevent “small-forsize syndrome”
(SFSS), which might be a typical presentation of PGD after
LDLT, and is characterized by prolonged cholestasis and in-
creased ascites volume, with reduced graft survival (6-10).

Nevertheless, transplantation centers are also considering
smaller grafts, with improved outcomes under refined and
established surgical techniques (11-14). Indeed, recent
studies have documented that small grafts do not nec-
essarily cause or correspond to PGD, which is attributed to
multiple factors including disease severity, portal pressure,
graft regeneration and donor age (15). Therefore, the term
SFSS is now unsuitable to refer to delayed PGD occurring
after LDLT because its characteristics differ from those of
PNF after DDLT.
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Figure 1: Twenty-six cases were excluded and 210 cases were
included for the analyses. MHV = middle hepatic vein.

Therefore, the aim of this study was to characterize de-
layed PGD occurring after LDLT. We also sought to identify
the factors associated with these disease processes and
examine the pathological findings.

Materials and Methods

Patients

Between January 2004 and July 2011, a total of 236 adult-to-adult LDLTs
were performed at Kyushu University Hospital, Fukuoka, Japan. Cases that
underwent complex LDLT procedures using dual grafts (n = 1) or poste-
rior segment grafts (n = 5), cases that died during surgery (n = 2} and
cases with graft dysfunction caused by technical, immunological or recur
rent hepatitis-related issues within 1 month of surgery (total, n = 18; acute
rejection, n = 7; occlusion of the reconstructed middle hepatic vein tribu-
taries, n = 5; cholestatic hepatitis C, n = 2; cholangitis, n = 1; portal vein
thrombosis, n = 1; hepatic artery dissection, n = 1; and graft subcapsular
hematoma because of percutaneous transhepatic cholangiogram, n = 1)
were excluded from this study (Table S1). Cases with infectious compli-
cations (e.g. primary sepsis, pneumonia or spontaneous peritonitis) were
not excluded in this analysis, because these complications overlapped with
graft-oriented hepatic dysfunction in the same time in many cases, and it is
difficult to delineate the cause and effect, as graft insufficiency could con-
tribute to these infectious issues (15,16). Thus, 210 cases were included in
this study (Figure 1). All of the LDLTs were performed after obtaining full
informed consents from all patients and approval by the Liver Transplanta-
tion Committee of Kyushu University. The mean follow-up time was 3.4 +
2.3 years.
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Primary Graft Dysfunction

Graft selection process

Grafts were selected as previously described (17). Left lobe grafts were con-
sidered to be the primary graft type if the desired graft volume (GV)/standard
liver volume (SLV) is >35%. Right lobe grafts were considered if the simu-
lated GV/SLV of the left lobe graft was <35% and the donor’s remnant liver
volume was >35%. Major middle hepatic vein tributaries >5 mm were max
imally reconstructed to maintain uncongested GV/SLV >40% in right lobe
grafts.

Surgical procedures

The donor parenchymal transection was performed using the Cavitron Ul-
trasonic Surgical Aspirator (CUSA™, Valleylab Inc., Boulder, CO, USA) and
a saline-linked radio-frequency dissecting sealer (Tissuelink™, Tissuelink
Medical Inc., Dover, DE, USAJ with the hanging maneuver (18). After donor
hepatectomy, the graft was perfused, weighted and stored in University of
Wisconsin solution (Viaspan ™, DuPont Inc., Wilmington, DE, USA). For
right lobe grafts, the middle hepatic vein tributaries were reconstructed on
the back table using the explanted portal vein or other vessels procured
from the recipient (19). After recipient hepatectomy, the grafts were trans-
planted in a piggyback fashion. The orifice of the recipient hepatic vein was
enlarged with an incision on the vena cava for the venous anastomosis to
provide sufficient outflow. The venous anastomoses were performed us-
ing continuous 5-0 PDS-II™ sutures (Ethicon Inc., Somerville, NJ, USA).
Reconstruction of the portal vein with continuous 6-0 PDS-II™ sutures
was followed by reperfusion. Arterial reconstruction was performed using
interrupted 8-0 Prolene™ sutures (Ethicon Inc.), under microscope. Bile
duct reconstruction was performed by duct-to-duct biliary anastomosis or
by hepaticojejunostomy using interrupted 6-0 PDS-I™ sutures.

Measurement of arterial and portal hemodynamics properties
Portal venous pressure (PVP) was continuously monitored during LT surgery
using a cannula (Medicut LCV-UK catheter 14G™, Nippon Sherwood Inc.,
Tokyo, Japan) placed in the superior mesenteric vein via a terminal jeju-
nal vein by direct cut down. Intraoperative blood flow was measured in
the recipients after reperfusion using an ultrasonic transit time flow meter
(Transonic System™, Ithaca, NY, USA) in the recipients after reperfusion.
Hepatic arterial flow is expressed as mL/min and portal venous flow is
expressed as L/min.

Immunosuppression

The basic immunosuppression protocol consisted of tacrolimus or cy-
closporine with mycophenolate mofetil and steroids. The target tacrolimus
level was 10-15 ng/mL in the first month after LDLT month and was de-
creased to 5-10 ng/mL over the next few months. The target cyclosporine
level was 200-250 ng/mL in the first month after LDLT and was decreased
to 100 to 200 ng/mL over the next few months. One gram of methyl-
prednisolone was given after reperfusion, and decreased from 200 mg to
20 mg daily over 1 week, then switched to oral prednisolone, tapered off at
3 months.

Clinical laboratory and ascites data

The serum total bilirubin (T.Bil) level, prothrombin time-international normal-
ized ratio (PT-INR) and ammonia level were determined daily after LDLT and
were analyzed in this study. The amount of ascites drained via the indwelling
abdominal drains was also recorded. Prolonged coagulation profile (PTINR
> 1.8) was corrected by giving fresh frozen plasma. Fluid loss because
of drainage of the ascites was corrected using intravenous 5% albumin
solution to maintain circulatory stability and urinary output.

PGD and delayed functional hyperbilirubinemia (DFH)

PGD was defined as graft insufficiency with possible early graft loss, without
technical, anatomical, immunological or hepatitis-related issues. DFH was
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Table 1: Patient demographics

Early graft loss

Variables Total (n = 210) Yes (n=13) No (n =197) p-Value
Recipient age (years) 6539+ 105 50.4 +£10.9 54.1 4+ 10.5 0.230
(55, 18~73) (52, 21-64) (55, 18-73)
Recipient gender, male 102 (48.6) 5(38.4) 97 (49.2) 0.451
Diseases
Acute liver failure 16 (7.6) 1(7.7) 15 (7.6) 0.748
Cholestatic cirrhosis 35 (16.7) 2(15.4) 33(16.8)
Postnecrotic cirrhosis 154 (73.3) 9(69.2) 145 (73.6)
Others 4(1.9) 0(0.0) 4 (2.0
Hepatocellular carcinoma 112 (63.3) 3(23.1) 109 (55.3) 0.024
Child-Pugh class
A 10 (5.2) 0(0.0) 10 (6.5) 0.380
B 56 (29.0) 2(16.7) 54 (29.8)
C 127 (65.8) 10 (83.3) 117 (64.7)
MELD score 16.4 £ 6.4 207 £ 4.6 16.2+6.4 0.019
15 (6-40) (20, 13-29) (15, 6-40)
Hospitalized status 82 (39.0) 10 (76.9) 72 (36.5) 0.004
Major shunt vessels 82 (39.0) 6 (46.1) 76 (38.6) 0.587
Donor gender, male 132 (62.9) 10(76.9) 122 (61.9) 0.278
Donor age (years) 350+ 10.6 33.8+12.9 35.1+£129 0.649
(34, 19-62) (28, 21-62) (34, 19-62)
Incompatible blood type 10 (4.7) 0(0.0) 10 (6.1) 0.461
Left lobe graft 122 (58.1) 8(61.5) 114 (67.8) 0.795
GV (g) 476 + 106 486 + 113 475 £+ 106 0.725
(464, 250-734) (480, 280-734) (460, 250-720)
GV/SLV ratio (%) 412484 42.4 +£ 8.1 413+ 8.4 0.646
(40.6, 23.7-72.5) (42.8, 29.7-568.7) (40.5, 23.7-72.5)
GRWR (%) 0.80 +£0.18 0.81+0.14 0.79+0.18 0.767
(0.77, 0.45-1.78) (0.81, 0.61-1.06) (0.77, 0.45-1.78)
PVP at laparotomy (mmHg) 241 £6.1 23.0+5.1 242 +6.2 0.512
(24, 7-40) (24.5, 15-30) (24, 7-40)
Splenectomy 136 (64.7) 7 (53.8) 129 (65.4) 0.380
Cold ischemic time (min) 98 + 89 100 &+ 42 98 + 91 0.951
(72, 256-377) (96, 40-179) (71, 25-377)
Warm ischemic time (min) 39+ 11 42 +£12 39+ 11 0.352
(37, 22-102) (40.5, 26-62) (36, 22-102)
Hepatic arterial flow {(mL/min) 101 £ 64 108 & 53 101 £ 65 0.701
(89, 15-580) (114, 30-192) (88.5, 15-580)
Portal venous flow (L/min) 1.76 £ 0.67 1.73 £ 0.56 1.77 £ 0.67 0.855
(1.64, 0.27-3.85) (1.53, 1.00-2.65) (1.65, 0.27-3.85)
PVP at the closure {(mmHg) 16.3+4.1 179+ 74 16.2 £3.8 0.165
(16, 6-37) (16, 11-37) (18, 6-26)
Duct-to-duct biliary reconstruction 181 (86.2) 12(96.2) 168 (85.7) 0.454
Operation time (min) 805 4 180 861 + 246 802 + 176 0.293
(777, 437-1519) (818, 579~1315) (773, 437-1519)
Operative blood loss (L) 52+6.4 10.7 4123 49+58 0.003
(3.4, 0.2-50.4) (4.0, 0.75-35.4) (3.3, 0.2-50.4)
LDLT before 2008 112 (63.3) 9(69.2) 103 (562.3) 0.223
Maximum values within POD 28
Total bilirubin (mg/dL) 105 +£8.2 295 +6.3 9.1+63 <0.001
(7.6, 1.4-46.7) (29.4, 9.2-46.7) (7.0, 1.4-32.1)
Daily ascites output (L) 12+14 21+14 1.1+14 0.017
(0.8,0.2-11.3) (1.5,0.7-1.8) (0.7, 0.2-11.3)
PT-INR 1.8+0.4 22+06 1.8+03 <0.001
(1.8, 1.2-3.8) (2.2, 1.8-3.8) (1.8, 1.2-3.6)
Ammonia (ng/dL) 77 £40 121+ 77 74 £ 34 <0.001
(71, 14-353) (87, 48-353) (70, 14-286)
Continued
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Table 1: Continued.

Primary Graft Dysfunction

Early graft loss

Variables Total (n = 210) Yes (n = 13) No (n = 197) p-Value
Values on POD 14
Total bilirubin {(mg/dL) 6.0+ 7.1 197+ 56 51+56 <0.001
(2.8, 0.4-41.3) (18.6, 2.9-41.3) (2.6, 0.4-29.3)
Daily ascites output (L) 0.4+0.9 13+£1.6 03+08 <0.001
(0, 0-8.9) (0, 0.7-5.7) (0, 0-8.9)
PTINR 1.3£06 1.5+05 1.2+06 0.032
(1.1, 0.9-3.3) (1.3, 1.1-3.3) (1.1, 0.9-2.6)

MELD = model for end-stage liver disease; GV = graft volume;

SLV = standard liver volume; GRWR = graft recipient weight ratio;

PVP = portal venous pressure; LDLT = living donor liver transplantation; POD = postoperative day; PTINR = prothrombin time international

normalized ratio.

defined as hyperbilirubinemia (e.g. T.Bil > 20 mg/dL for >seven consecutive
days occurring after postoperative day [POD] 7). Early graft loss was defined
as graft loss occurring within 6 months after LDLT.

Liver biopsy

Graft biopsies early after LDLT were obtained percutaneously or under la-
parotomy. For left lobe grafts, percutaneous biopsy was performed because
manual compression of the punctured liver is possible. For right lobe grafts,
open biopsy for suturing the punctured site was performed if indicated.
If PGD was highly suspected because of hyperbilirubinemia with stable
transaminase levels, biopsy was postponed.

Statistical analysis

Values are expressed as the mean = standard deviation (median, minimum-
maximum). Variables were analyzed using the y 2 tests for categorical values
or the Mann-Whitney's test for continuous variables. Cumulative survival
analyses were determined using the Kaplan-Meier method with the log-
rank test. Sensitivity (%) was calculated as true positive (n)/[true positive
(n) + false negative (n)]. Specificity was calculated as true negative (n)/[true
negative (n) + false positive (n)]. Values of p value <0.05 were considered
statistically significant. Receiver operating characteristic curve analysis was
also performed.

Maximurm serum fotal bilirubin (mg/dl)

Figure 2: Maximum total bilirubin values within 28
days after transplantation plotted against the post-
operative date {n = 210). All of the patients with early
graft loss (black dots; n = 13) had maximum total bilirubin
>20 mg/dL later than 1 week after transplantation (p <
0.001).

American Journal of Transplantation 2012; 12: 1886~1897

Results

Characteristics of the recipients, donors and grafts
The mean age of the recipients was 53.9 + 10.5 years
(Table 1). Indications for LDLT included acute liver failure
(n =16, 7.6%), cholestatic cirrhosis (n = 35, 16.7 %), post-
necrotic viral or nonviral cirrhosis (n = 154, 73.3%) and
others (n = 4, 1.9%). Approximately half of the patients
had hepatocellular carcinomas (n = 112, 53.3%). The ma-
jority of the patients were Child-Pugh class C (n = 127,
65.8%). The mean MELD score was 16.4 + 6.4. Overall,
39% of the patients (n = 82) had been hospitalized be-
fore LDLT and had major (>1.0 cm) shunt vessels (n = 82,
39.0%).

The mean age of the donors was 35.0 & 10.6 years. Graft
types included left lobe grafts (n = 122, 68.1%) and right
lobe grafts (n = 88, 41.9%). Ten donors (4.7%) provided
blood type incompatible donors. The mean GV was 476 +
106 g, the mean GV/SLV was 41.2 4 8.4 and the mean
GRWR was 0.80 + 0.18. Splenectomy was performed in
136 cases (64.7%) and duct-to-duct biliary reconstruction
was performed in 181 cases (86.2%). The mean operative
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Figure 3: Maximum prothrombin international normalized ra-
tio (PT-INR, A), ammonia levels (B) and ascites output {C) plot-
ted against the postoperative date (n = 210). The black dots
(n = 13) represent patients with early graft losses.

time was 805 4+ 180 min and the mean blood loss was
524+64L.

We have performed 346 adult-to-adult LDLTs between
May 1997, adult-to-adult LDLT program started, and July
2011. The cumulative 2-year graft survival rate since 2004
(87.0%, n = 228) was significantly better than before 2004

1890

(70.8%, n = 118, p < 0.001). Therefore, to exclude possi-
ble technical or learning bias and to focus on PGD, only
cases treated since 2004 were included in the current
analysis.

PGD

Overall, 13 cases experienced early graft loss within 6
months after adult-to-adult LDLT;, none of these cases
were associated with technical, immunological or hepatitis-
related issues (Table 1). The mean graft survival of these
13 cases was 1.7 + 1.0 months. Early graft loss in all of the
cases was caused by PGD. Prior hospitalization of the re-
cipient (46.1% vs. 38.6%; p = 0.004), higher MELD score
(20.7 £ 4.6 vs. 16.2 & 6.4; p = 0.019), absence of hep-
atocellular carcinoma (23.1% vs. 55.3%; p = 0.024) and
massive intraoperative blood loss (10.7 4 12.3 L vs. 4.9
+ 5.8; p = 0.003) were significantly associated with early
graft loss. Graft GV/SLV ratio and GRWR were not associ-
ated with early graft loss.

The maximum T.Bil values (29.5 +£ 6.3 mg/dL vs. 9.1 £ 6.3
mg/dL; p < 0.001), daily ascites output (2.1 + 1.4 Lvs. 1.1
+ 1.4 L p<0.001), PFINR (22 £ 06 vs. 1.8 £ 0.3, p <
0.001) and ammonia levels (121 £ 77 pg/dL vs. 74 + 34
ng/dL; p < 0.001) measured by POD 28 were significantly
greater in cases with early graft loss. The mean values of
TBil (19.7 & 5.6 mg/dL vs. 5.1 £ 5.6 mg/dL; p < 0.001),
daily ascites output (1.3 L £ 1.6vs. 0.3+ 0.8L;p < 0.001)
and PTFINR (1.6 + 0.5 vs. 1.2 + 0.6; p = 0.032) on POD 14
were also significantly greater in cases with early graft loss.
Grafts with early mortality had significantly worse hepatic
parameters at both a fixed date ({i.e. on POD 14) and within
a fixed time (i.e. within POD 28). However, grafts may
show worse hepatic parameters in the early postoperative
period because of the deteriorated recipient’s condition or
may show delayed worsening as a result of PGD.

Therefore, maximum T.Bil (Figure 2) and other hepatic pa-
rameters (Figure 3), including maximal PT-INR, ammonia
and ascites output, were plotted against their correspond-
ing POD. All 13 cases with early functional graft loss (n =
13) had maximum T.Bil >20 mg/dL after POD 7 (p < 0.001;
Figure 2). No definite relationship with early graft loss was
observed between the other hepatic parameters including
PT-INR, ammonia and ascites output (Figure 3).

The maximum T.Bil values within POD 28 after LDLT were
also plotted against GV/SLV or GRWR (Figure 4). Grafts
with maximum T.Bil >20 mg/dL were evenly distributed
with GV/SLV and GRWR.

DFH

Because the maximum T.Bil >20 mg/dL detected after
POD 7 was associated with PGD, which persisted for a
number of consecutive days, we defined DFH as described
in the methods. We calculated the sensitivity and speci-
ficity for early graft loss caused by functional graft failure

American Journal of Transplantation 2012; 12: 1886-1897
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within 28 days after transplantation plotted
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using several definitions (Table 2), including DFH with TBIl
>10, 15, 20 or 25 mg/dL for >seven consecutive days af-
ter POD 7 (DFH-10, DFH-15, DFH-20 and DFH-25, respec-
tively), small-for-size graft dysfunction as defined by Dahm
et al. (8), SFSS as defined at our institute in 2006 (15), and
SFSS as defined by Hill, et al. (14). The sensitivities of the
previous definitions of small-forsize graft dysfunction or
syndrome for early loss caused by PGD were <50%. On
the other hand, DFH-20 (i.e. T.Bil > 20 mg/dL for >seven
consecutive days after POD 7) showed the highest sensi-
tivity (100%) and the second highest (95.4%) specificity
for detecting early graft loss caused by nontechnical, non-
immunological and nonhepatitis-related PGD.

American Journal of Transplantation 2012; 12: 1886-1897

Primary Graft Dysfunction
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Characteristics of grafts with DFH-20

The effects of DFH-20 on cumulative graft survival are
shown in Figure 5. The 1- and 2-year graft survival rates
were 40.9% and 35.1% for grafts with DFH-20 (n = 22)
versus 97.6% and 93.8% for grafts without DFH-20 (n =
188), respectively (p < 0.001).

Risk factors for DFH-20

Univariate analyses (Table 3) showed that recipient Child
class C (yes; 14.1% vs. 5.1%; p = 0.047), MELD score
>15 (yes; 15.5% vs. 4.3%; p = 0.008), hospitalized status
(yes; 17.3% vs.6.3%; vs. p=0.012), the presence of major
shunt vessels >1 cm in diameter (yes; 15.9% vs. 7.0%;
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Table 2: Sensitivity and specificity for detecting early graft loss caused by primary graft dysfunction after LDLT

Early graft loss because of primary graft dysfunction

Definitions Sensitivity (%) Specificity (%) Area under ROC
Delayed functional hyperbilirubinemia (DFH)

with T.Bil >10 mg/dL (DFH-10) 100.0 71.6 0.857

with T.Bil >15 mg/dL (DFH-15) 100.0 89.3 0.946

with T.Bil >20 mg/dL (DFH-20) 100.0 95.4 0.977

with T.Bil >25 mg/dL (DFH-25) 53.8 97.4 0.756

*For >seven consecutive days
after POD 7, excluding technical,
immunological and hepatitis factors.

Small-for-size graft dysfunction, Dahm et al. (8) 23.1 95.9 0.595

*GRWR <0.8 and the presence of two of the
followings for three consecutive days during the
first postoperative week: T.Bil >100 umol/L,
PTINR >2 and encephalopathy grade 3 or 4,
excluding technical, immunological and
infectious factors.

Small-forsize graft syndrome, Soejima, et al. (16) 30.7 87.3 0.590
*Prolonged cholestatis (T.Bil >10 mg/dL on
POD14) and intractable ascites (ascites > 1L
on POD 14 or >0.5 L on POD 28).

Small-forsize graft syndrome, Hill et al. (14) 46.2 95.9 0.687

*T.Bil >10 mg/dL (and continuing to increase)
after POD 7, PTFINR >1.5 and ascites >2 L,
excluding mechanical/technical problems.

LDLT = 8 living donor liver transplantation; ROC = receiver operating characteristic curve; TBil = total bilirubin; DFH = delayed functional

hyperbilirubinemia; POD = postoperative day; GRWR = graft recipient weight ratio; PT-INR = prothrombin time-international normalized
ratio.

p = 0.042), donor age >45 years (yes; 21.3% vs. 7.4%; p because of the smaller number of the patients with DFH-
= 0.008), PVP >20 mmHg at the end of the surgery (yes; 20.

20.6% vs. 8.5%; p = 0.004) and intraoperative blood loss

>10L (yes; 38.1% vs. 7.4%; p < 0.001) were risk factors We performed additional univariate analyses (Table 4) to
for DFH with TBil >20 mg/dL. On the other hand, graft compare cases with (n = 13) or without (n = 9) early graft

type, GV/SLV and GRWR were not significant risk factors. loss among those with DFH-20 (n = 22). The maximum PT-
Muiltivariate analysis was not included in the current report INR was 2.4 4+ 0.6 and 1.8 = 0.3 for grafts with and without
100 = e e sk tamamemrwanmnsamnnn ~
RN e xn e
No DFH-20 (n=188)
-~ B0
=
3
T 60
E 40 -
@ DFH-20 (n=22)
i
0 20 - Figure 5: Cumulative graft survival of pa-
tients with (n = 22) or without (n = 188)
DFH. The difference in survival was sig-
it} H T T 7 T 7 7 nificantly different (p < 0.001). DFH =
1] 8 12 18 24 (months) delayed functional hyperbilirubinemia: total
) ) bilirubin >20 mg/dL for >7 consecutive days
Number 188 174 162 150 136 No DFH-20 after postoperative day 7, excluding techni-
atrisk 5o 8 8 8 6 DFH-20 cal, immunological and hepatitis factors.
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early graft loss, respectively. Categorical analysis showed
that early graft loss was more frequently associated with
coagulopathy {(PT-INR >2) compared with grafts without
early graft loss (76.9% vs. 11.1%; p = 0.011).

Pathological findings of the grafts with DFH-20

Liver biopsy specimen was obtained in 8 of the 22 pa-
tients (21.3 & 9.1 days after LDLT). Centrilobular hepato-
cyte ballooning and cholestasis were the most prominent
and characteristic findings (Figure 6). Although ductular re-
action was observed in six cases, other findings including
necrosis, steatosis, nonspecific portal infiltration were not
the consistent findings (Table b).

Discussion

The primary endpoint of this study was to characterize
PGD after LDLT, in which a smaller but qualified graft is
usually transplanted with a short cold ischemic time is
usually transplanted. We found that DFH-20 essentially
encompassed PGD after LDLT with a high mortality rate.
Other factors such as ammonia levels, PTINR and ascites
volume were not associated with PGD. The superior sen-
sitivity and specificity of DFH-20 for detecting PGD after
LDLT, compared with other definitions, is clinically rele-
vant because it is important to know whether the graft is
likely to recover, or fail and require retransplantation. Wor-

Table 3: Univariate analysis of risk factors for DFH-20

Primary Graft Dysfunction

ryingly, the rate of graft loss was particularly high in cases
with DFH-20 and coagulopathy (i.e. PT-INR >2). Therefore,
these cases should be considered as candidates for re-
transplantation.

The significance of hyperbilirubinemia has been reported
in both transplant and nontransplant settings in the litera-
ture. In LDLT, Marubashi et al. (20) reported that T.Bil >27
mg/dL is a significant indicator for early graft loss, regard-
less of the cause. Even in pediatric LDLT, Emond et al. (21)
reported that cholestasis was more prominent and was
prolonged in recipients with smaller LDLT grafts. Although
studies evaluating prolonged hyperbilirubinemia in DDLT
are limited, Fusai et al. (22) reported that functional hyper
bilirubinemia >100 umol/L sustained for at least 1 week
after DDLT was associated with poor prognosis. After hep-
atic resection for tumors, Balzan et al. (23) showed that PT
<50% and T.Bil >50 umol/L on POD 5 is associated with
a mortality rate exceeding 50% after hepatectomy.

PGD after LDLT and PNF after DDLT are quite different in
terms of their pathogeneses and clinical manifestations.
PNF after DDLT usually becomes evident during the im-
mediate postoperative period with rapidly rising transam-
inase levels, absence of bile production, severe coagu-
lopathy, acidosis and hemodynamic instability (1-3). These
clinical characteristics of PNF after DDLT are attributed to
massive hepatic cytolysis following reperfusion of a graft

DFH with TBil >20 mg/dL

Variables Yes (n = 22) No (n = 188) p-Value
Recipient gender, male 10 (45.5) 2 (48.9) 0.721
Recipient age >60 years 4(18.2) 2 (27.7) 0.341
Child-Pugh class C 18 (81.8) 109 (57.9) 0.066
MELD score >15 18(81.8) 8 (52.2) 0.008

Total bilirubin >8 mg/dL 7(31.8) 8 (20.2) 0.209

PTINR > 1.8 10 (45.5) 34 (18.1) 0.003

Creatinine >1.0 mg/dL 4 (18.1) 23(12.2) 0.430
Hospitalized status 4 (63.6) 68 (36.2) 0.012
Acute liver failure 1 (4.5) 16 (8.5) 0.518
Major shunt vessels 13 (69.1) 69 (36.7) 0.042
Donor gender, male 15 (68.2) 117 (62.2) 0.584
Donor age >45 years 10 (45.5) 37 (19.7) 0.006
Left lobe graft 12 (54.5) 110 (68.5) 0.721
GV/SLV ratio <30% 1(4.5) 14 (7.4) 0.617
GV/SLV ratio <40% 8 (36.4) 2 (48.9) 0.264
GRWR < 0.6% 1{4.5) 3(10.1) 0.401
GRWR < 0.8% 12 (54.5) 104 (55.3) 0.944
PVP > 30 mmHg at laparotomy 2(7.1) 6(14.2) 0.963
No splenectomy 8 (36.4) 6 (35.1) 0.907
Cold ischemic time >120 min 8 (36.4) 3(22.9) 0.167
Warm ischemic time >50 min 6(27.3) 6(13.9) 0.095
PVP > 20 mmHg at closure 7 (31.8) 7(14.4) 0.036
Blood loss > 10 L 8(36.4) 3(6.9) < 0.001

DFH-20 = delayed functional hyperbilirubinemia: total bilirubin >20 mg/dL for >7 consecutive days after postoperative day 7, excluding

technical, immunological and hepatitis factors; MELD =

model for end-stage liver disease; PT-INR = prothrombin time international

normalized ratio; GV = graft volume; SLV = standard liver volume; GRWR = graft recipient weight ratio; PVP = portal venous pressure.
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Table 4: Characteristics of cases with or without early graft loss under DFH-20

Early graft loss

Variables Yes (n = 13) No (n = 9) p-Value
Recipient age (years) 509+ 11.2 482 +8.7 0.552
(52, 21-64) (46, 34-62)
MELD score 19.7+4.0 17.1+£3.8 0.144
(20, 13-27) (16, 12-26)
Donor age (years) 43.2+£10.8 36.4 + 14.7 0.249
(46, 20-56) (36, 21-62)
GV (qg) 483 + 114 524 + 89 0.385
(480, 280~-734) (540, 400-620)
GV/SLV ratio (%) 41.8+8.3 4594+ 11.8 0.351
(41.0, 29.7-68.7) (42.8, 33.7-72.5)
GRWR (%) 0.79+0.16 0.91+£0.35 0.289
0.79 (0.56-1.1) (0.74, 0.67-1.78)
PVP at laparotomy (mmHg) 235453 254 +£55 0.459
(25, 15-30) (27, 16-32)
Cold ischemic time {min) 141 £ 107 100 £ 42 0.951
(90, 40-179) (162, 43-377)
Warm ischemic time {min) 41 +£12 43 + 13 0.799
(40, 26-62) (40, 24-66)
Hepatic arterial flow (mL/min) 102 £ 55 96 + 66 0.817
(104, 29-192) (70.5, 21-224)
Portal venous flow (L/min) 1.67 £0.58 1.61 £0.60 0.842
(1.46, 0.99-2.65) (1.40, 0.81-2.3)
PVP at the closure (mmHg) 184 +7.4 1704+ 4.6 0.640
(17, 11-37) (17.5, 11-23)
Operation time (min) 854 + 236 942 + 224 0.397
812 {(579-1315) (978, 597-1360)
Operative blood loss (L) 131+ 141 1115+78 0.774
(5.9, 0.7-38.0) (10.0, 2.4-26.5)
Maximum values within POD 28
Total bilirubin (mg/dL) 31.4+8.1 27.7 £ 3.1 0.232
(29.4, 21.8-46.7) (27.5, 23.1-32.1)
Daily ascites output {L) 18£13 16+£1.2 0.820
(1.5, 0.6-4.0) (1.8, 0.4-2.7)
PT-INR 24+06 1.840.3 0.011
2.3(1.9-3.8) 1.8(1.4-2.3)
PTINR > 2 10 (76.9) 1(11.1) 0.002
Ammonia (ug/dL) 125+ 80 115 + 59 0.767
(90, 48-353) (89, 41-204)

DFH-20 = delayed functional hyperbilirubinemia: total bilirubin >20 mg/dL for >seven consecutive days after postoperative day 7, excluding
technical, immunological and hepatitis factors; MELD = model for end-stage liver disease; GV = graft volume; SLV = standard liver volume;
GRWR = graft recipient weight ratio; PVP = portal venous pressure; POD = postoperative day; PT-INR = prothrombin time international

normalized ratio.

with steatosis, higher age or prolonged cold ischemic time
(1,2,24). On the other hand, PGD after LDLT becomes ev-
ident in a gradual and delayed fashion, and is character
ized by hyperbilirubinemia and sometimes massive ascites,
without elevated of serum transaminase levels, represent-
ing functional intolerance during regeneration (13-16). Be-
cause these LDLT grafts show insufficient function rather
than being nonfunctional, we termed than as PGD. Thus,
PNF after DDLT corresponds to necrosis and PGD after
LDLT represents functional intolerance.

The pathologic findings of DFH-20 were consistent with

those of nonspecific preservation injuries as previously de-
scribed, including prominent centrilobular hepatocyte bal-

1894

looning, cholestasis, possibly accompanied by steatosis,
necrosis, portal infiltration and ductular reaction (21,25,26).
In electron-microscopic studies using postliver transplant
specimens after DDLT, Ng et al. (27) showed that ballooned
hepatocytes were characterized dilatation of the cisternae
of the rough endoplasmic reticulum and mitochondria. In
LDLT, Emond et al. (21) examined 25 patients and reported
that the pathologic changes after LDLT are more promi-
nent in smaller grafts. Thus, such centrilobular pathologic
changes after LDLT might be attributed to overperfusion
and ischemic stress.

In LDLT, the issue of graft size, namely SFSS, has been
of significant concern since the first adult-to-adult LDLT
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Table 5: Summary of the pathological findings in the grafts (n = 8/22) with DFH-20

Case
#1 #2 #3 #4 #5 #6 #7 #8
Graft type Left Left Left Left Left Right Left Left
GV/SLV (%) 33.7 41.0 44.2 36.9 29.7 44.3 30.1 35.3
GRWR (%) 0.67 0.88 1.05 0.74 0.71 0.72 0.64 0.56
Maximum T.Bil (mg/dL) 241 43.3 33.3 249 25.9 24.5 34.2 28.1
Early graft loss No Yes Yes Yes Yes No Yes Yes
Pathological findings
Cholestasis ++ +-+ ++ +-+ +++ ++ ++ ++
Ballooning ++ ++ ++-+ +++ ++ ++ +- ++
Necrosis ++ + + - - - + +
Steatosis + + - - - + + ++
Portal infiltration + - + - - - - -
Ductular reaction - + + + + - + +

DFH = delayed functional hyperbilirubinemia: total bilirubin >20 mg/dL for >seven consecutive days after postoperative day 7, excluding
technical, immunological and hepatitis factors; GRWR = graft recipient weight ratio; GV = graft volume; SLV = standard liver volume.

was performed in 1998 (28). We consider that SFSS after
LDLT is included in the concept of PGD after LDLT, because
functional graft dysfunction after LDLT is now thought to
be caused by graft size as well as several other factors (11—
15). In this analysis, such additional factors included Child
class C, MELD score >15, prolonged pretransplant hospi-

L ft

Figure 6: The representative microscopic findings of the graft
with DFH-20 (Case #4). Centrilobular hepatocyte ballooning with
cholestasis was prominent and the ballooned cells were well de-
marcated from the uninvolved cells (A, H.E. x100). The ballooned
hepatocytes showed intracellular cholestasis (B, H.E. x400).
DFH-20, delayed functional hyperbilirubinemia: total bilirubin >20
mg/dL for >seven consecutive days after postoperative day 7.

American Journal of Transplantation 2012; 12: 1886-1897

talized status, the presence of major shunt vessels, donor
age >45b years, PVP >20 mmHg at the end of the surgery
and intraoperative blood loss >10 L. Although small-for-
size graft dysfunction was originally defined in 2005 (8)
and has been used in many reports published since then,
the descriptions better resemble PNF in DDLT, namely se-
vere coagulopathy (PT-INR >2) and advanced encephalopa-
thy (Grade 3 or 4) with T.Bil >100 umol/L during the first
postoperative week. It seems that PGD after LDLT char
acterized by DFH-20 encompasses SFSS and represents
functional graft intolerance caused by multiple factors after
LDLT (Figure 7).

Nevertheless, it is also true that graft size is one of the
main contributors to the clinical outcome (8,9). We started
our adult-to-adult LDLT program in 1997 and exclusively
used left lobe grafts with GV/SLV >30% (29) with an in-
ferior 2-year graft survival rate (70.8%) before 2004. Since
2004, we have revised the graft selection criteria and now
use left or right lobe grafts with GV/SLV >35% to pro-
vide an adequate safety margin (17). Therefore, all of the
data in the current series were under obtained from our
intent to maintain, keeping GV/SLV >35%. Besides inten-
sion of achieving a GV being an adequate safety margin,
our transplant center has always considered the severity of
recipient iliness and potential surgical difficulties. We use a
formula to score the overall risk of the procedure to main-
tain appropriate safety limits (30). Moreover, our surgical
technigues to modulate portal and venous flows have been
refined as previously reported (19,31-33). Based on these
approaches, the 2-year graft survival rate at our center has
reached 87.0% since 2004.

The main limitation of this study is that selection bias may
confound our interpretations because GV was not corre-
lated with mortality. Reports from other centers are also
necessary to help generalize our current findings. Our re-
sults do not necessarily imply that small grafts without in-
tentional selection or surgical refinements could vield sat-
isfactory outcomes. The other limitation of this study is
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¥ Technical

that the immunological factors have not been completely
ruled out because of insufficient histological evidence in
the study population, no assessment of antibody and no
thorough analysis of transfusion related immune events.
Further prospective analysis is necessary to address such
issues.

In conclusion, we have proposed a new concept for PGD
after LDLT with a higher early graft mortality rate and char
acterized by DFH-20, which is caused by multiple factors.

Acknowledgment

Funding sources: No source of support was received for this work or needs
to be disclosed.

Disclosure

The authors of this manuscript have no conflicts of inter
est to disclose as described by the American Journal of
Transplantation. The manuscript was not prepared or
funded by a commercial organization.

Author contributions—T]I; study concept and design, draft-
ing of manuscript. KS; critical revision of the manuscript.
TY; study design, critical revision of the manuscript. SA,
pathologic examination. YS; study concept and design. HU;
data collection. HK; data collection. AT, study conception
and design, critical comment of the manuscript. TT, data
collection. YM:; final approval of the manuscript.

References

1. Ploeg RJ, DAlessandro AM, Knechtle SJ, et al. Risk factors for pri-
mary dysfunction after liver transplantation—-a multivariate analysis.
Transplantation 1993; 55: 807-813.

1896

+ Hepatic artery insufficiency
« Portal vein insufficiency
+ Venous insufficiency
+ Biliary problems
¥ Immunologicat
+ Cellular rejection
«  Humoral rejection
¥ Recurrent disease
+ Viral hepatitis
+ Cholestatic liver disease

Figure 7: Associations between PGD,
SFSS and secondary graft dysfunction.
PGD, characterized by DFH-20, encom-
passes SFSS and other causes of func-
tional and primary graft dysfunction. DFH-
20: delayed functional hyperbilirubinemia
(total bilirubin >20 mg/dL for >7 consec-
utive days after postoperative day 7, ex-
cluding technical, immunological and hep-
atitis factors); MELD, model for end-stage
liver disease; PGD, primary graft dysfunc-
tion; SFSS, small-forsize syndrome.

2. Glanemann M, Langrehr JM, Stange BJ, et al. Clinical implications
of hepatic preservation injury after adult liver transplantation. Am
J Transplant 2003; 3: 1003-1009.

3. Uemura T, Randall HB, Sanchez EQ, et al. Liver retransplantation
for primary nonfunction: Analysis of a 20-year single-center expe-
rience. Liver Transpl 2007; 13: 227-233.

4. Freise CE, Gillespie BW, Koffron AJ, et al. Recipient morbidity
after living and deceased donor liver transplantation: Findings from
the A2ALL Retrospective Cohort Study. Am J Transplant 2008; 8:
2569-2579.

5. Bourdeaux C, Darwish A, Jamart J, et al. Living-related versus de-
ceased donor pediatric liver transplantation: A multivariate analysis
of technical and immunological complications in 235 recipients.
Am J Transplant 2007; 7: 440-447.

6. Marcos A, Ham JM, Fisher RA, et al. Surgical management of
anatomical variations of the right lobe in living donor liver trans-
plantation. Ann Surg 2000; 231: 824-831.

7. Morioka D, Egawa H, Kasahara M, et al. Outcomes of adult-to-adult
living donor liver transplantation: A single institution's experience
with 335 consecutive cases. Ann Surg 2007; 245: 316-325.

8. Dahm F, Georgiev P, Clavien PA. Small-forsize syndrome after
partial liver transplantation: Definition, mechanisms of disease and
clinical implications. Am J Transplant 2005; 5: 2605-2610.

9. Kiuchi T, Tanaka K, lto T, et al. Small-forsize graft in living donor
liver transplantation: How far should we go? Liver Transpl 2003; 9:
S$29-S35.

10. Kasahara M, Takada Y, Fujimoto Y, et al. Impact of right lobe with
middle hepatic vein graft in living-donor liver transplantation. Am J
Transplant 2005; 5: 1339-1346.

11. Moon JI, Kwon CH, Joh JW, et al. Safety of small-forsize grafts in
adult-to-adult living donor liver transplantation using the right lobe.
Liver Transpl 2010; 16: 864-869.

12. YiNJ, Suh KS, Lee HW, et al. Improved outcome of adult recipients
with a high model for end-stage liver disease score and a small-
forsize graft. Liver Transpl 2009; 15: 496-503.

13. Chan SC, Lo CM, Ng KK, et al. Alleviating the burden of
small-forsize graft in right liver living donor liver transplantation
through accumulation of experience. Am J Transplant 2010; 10:
859-867.

American Journal of Transplantation 2012; 12: 1886-1897

=399 -



14. Hill MJ, Hughes M, Jie T, et al. Graft weight/recipient weight ratio:
How well does it predict outcome after partial liver transplants?

Liver Transpl 2009; 15: 1056-1062.

15. Kiuchi T, Onishi Y, Nakamura T. Small-forsize graft: not defined

solely by being small for size. Liver Transpl 2010; 16: 815-817.

16. Soejima Y, Taketomi A, Yoshizumi T, et al. Feasibility of left lobe
living donor liver transplantation between adults: an 8-year, single-
center experience of 107 cases. Am J Transplant 2006; 6: 1004—

1011.

17. Yonemura Y, Taketomi A, Soejima Y, et al. Validity of preoperative
volumetric analysis of congestion volume in living donor liver trans-
plantation using three-dimensional computed tomography. Liver

Transpl 2005; 11: 1556-1562.

18. Taketomi A, Morita K, Toshima T, et al. Living donor hepatectomies
with procedures to prevent biliary complications. J Am Coll Surg

2010; 211: 4566-464.

19. lkegami T, Soejima Y, Taketomi A, et al. Explanted portal vein
grafts for middle hepatic vein tributaries in living-donor fiver trans-

plantation. Transplantation 2007; 84: 836-841.

20. Marubashi S, Dono K, Nagano H, et al. Postoperative hyperbiliru-
binemia and graft outcome in living donor liver transplantation.

Liver Transpl 2007; 13: 1638-1544.

21. Emond JC, Renz JF, Ferrell LD, et al. Functional analysis of grafts
from living donors. Implications for the treatment of older recipi-

ents. Ann Surg 1996; 224: 544-552.

22. Fusai G, Dhaliwal P, Rolando N, et al. Incidence and risk factors for
the development of prolonged and severe intrahepatic cholesta-
sis after liver transplantation. Liver Transpl 2006; 12: 1626-

1633.

23. Balzan S, Belghiti J, Farges O, et al. The "50-50 criteria” on post-
operative day 5: An accurate predictor of liver failure and death

after hepatectomy. Ann Surg 2005; 242: 824-828.

24. Gaffey MJ, Boyd JC, Traweek ST, et al. Predictive value of intraop-
erative biopsies and liver function tests for preservation injury in

orthotopic liver transplantation. Hepatology 1997; 25: 184-189.

25. Khettry U, Backer A, Ayata G, et al. Centrilobular histopathologic
changes in liver transplant biopsies. Hum Pathol 2002; 33: 270-

276.

26. Demetris AJ, Kelly DM, Eghtesad B, et al. Pathophysiologic ob-
servations and histopathologic recognition of the portal hyperper

American Journal of Transplantation 2012; 12: 1886-1897

27.

28.

29.

30.

31.

32.

33.

Primary Graft Dysfunction

fusion or small-forsize syndrome. Am J Surg Pathol 2006; 30:
986-993.

Ng 10, Burroughs AK, Rolles K, et al. Hepatocellular ballooning
after liver transplantation: A light and electronmicroscopic study
with clinicopathological correlation. Histopathology 1991; 18: 323-
330.

Kawasaki S, Makuuchi M, Matsunami H, et al. Living related liver
transplantation in aduits. Ann Surg 1998; 227: 269-274.

Nishizaki T, kegami T, Hiroshige S, et al. Small graft for living donor
liver transplantation. Ann Surg 2001; 233: 575-580.

Yoshizumi T, Taketomi A, Uchiyama H, et al. Graft size, donor age,
and patient status are the indicators of early graft function after
living donor liver transplantation. Liver Transpl 2008; 14: 1007-
1013.

lkegami T, Toshima T, Takeishi K, et al. Bloodiess splenectomy
during liver transplantation for terminal liver diseases with portal
hypertension. J Am Coll Surg 2009; 208: e1-e4.

Shimada M, ljichi H, Yonemura Y, et al. The impact of splenectomy
or splenic artery ligation on the outcome of a living donor adult
liver transplantation using a left lobe graft. Hepatogastroenterology
2004; 51: 625-629.

lkegami T, Soejima Y, Taketomi A, et al. One orifice vein recon-
struction in left liver plus caudate lobe grafts. Transplantation 2007;
84: 1065.

Supporting Information

Additional Supporting Information may be found in the on-
line version of this article:

Table S1: The details of the cases excluded from the
analysis

Please note: Wiley-Blackwell is not responsible for the con-
tent or functionality of any supporting materials supplied
by the authors. Any queries (other than missing material)
should be directed to the corresponding author for the
article.

=400 -

1897



