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other portosystemic shunts have been reported, including
the transjugular intrahepatic portosystemic shunt [67], the
interposed obliterated ligamentum teres hepatis [68] and a
mesorenal shunt between the inferior mesenteric vein and
the left renal vein. In the US, left lobe AA-LDLT has
recently been attempted using hemiportocaval shunts, with
comparable results [69].

Splenectomy and splenic artery modulation

Another way to achieve inflow modulation is to control the
splanchnic circulation, such as through splenic artery
ligation, splenic artery embolization or splenectomy. Pro-
phylactic splenic artery modulation (preoperative emboli-
zation or intraoperative ligation) seemed to relieve portal
hyperperfusion injury and contributed to the improvement
of the post-transplantation prognosis through liver regen-
eration [70]. Such treatment may even be useful after the
diagnosis of established SFS syndrome after LDLT,
because an Italian group reported successful early splenic
artery embolization within the first week after LDLT [71].
Another group also reported that delayed splenic artery
occlusion by intraoperative splenic artery ligation or
radiological splenic artery coiling improved the SES graft
syndrome [72]. For the treatment of SES syndrome that
occurred despite splenic artery ligation, Ozden et al. [73]
have reported success using somatostatin and propranolol.

It is well known that simultaneous splenectomy is ben-
eficial for overcoming SFS syndrome [14]. Furthermore,
Ren et al. [74] showed that splenectomy leads to the res-
olution of liver function and improves the liver regenera-
tion ratio after different degrees of massive hepatectomy in
a rat model. These effects may be mediated through the
enhancement of hepatic oxygen delivery and consumption,
which augment liver regeneration. Splenectomy has
another benefit for the treatment of pancytopenia in cases
with hepatitis C virus (HCV) treatment [75]. However, a
Japanese group found that the modulation of the graft
portal inflow or splenectomy was not needed for successful
left lobe graft LDLT when the PVP did not exceed
25 mmHg after transplantation [76, 77]. In deceased donor
liver transplantation, concomitant splenectomy with DDLT
was not recommended due to its potential for septic com-
plications [78]. It is important to establish strict selection
criteria and prophylaxis for the septic complications of
splenectomy.

Outflow modulation
Hepatic vein reconstruction is one of the most essential

steps for preventing SFS syndrome, because outflow
insufficiency induces liver congestion, resulting in graft
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failure [79]. End-to-end anastomosis of the hepatic veins is
fundamental for preventing an outflow occlusion. Graft
regeneration tends to shift a graft’s position toward the
right subphrenic space. This shift leads to the distortion of
the middle and left hepatic veins. To ensure adequate
hepatic venous flow, it is necessary to obtain a wide ostium
and sufficient length of the hepatic vein for anastomosis.
To achieve this objective, venoplasty of the hepatic veins
of the graft and the recipient is invaluable. Especially in a
left lobe graft without the trunk of the middle hepatic vein,
venoplasty between the middle and left hepatic vein might
be necessary to prevent graft congestion in segment IV.
Suehiro et al. [80] reported that hepatic vein—inferior vena
cava (HV-IVC) reconstruction with graft venoplasty and
IVC cavoplasty was useful for preventing outflow block.
Color Doppler ultrasonography or a hepatic arterial
clamping test is useful for evaluating the need for middle
hepatic vein reconstruction [81]. If the graft has a large
short hepatic vein, reconstruction of this vein is important
to prevent the congestion of the caudate lobe. Yamauchi
et al. [82] demonstrated new techniques with single-orifice
vein reconstruction for venous drainage in left liver plus
caudate lobe grafts. In a recent study, obtaining images of
the anatomical interrelationships of the hepatic veins using
preoperative three-dimensional computed tomography
scanning was helpful for surgeons to determine the
appropriate technique or form for the hepatic venoplasty
[83].

Pharmacological interventions in experimental models

Based on its pathophysiology, many pharmacological
interventions have been reported to improve the outcome
of SES syndrome in animal models. Several studies have
targeted vascular regulation to modulate the portal inflow,
including the following: prostaglandin E1 [84, 85]; FK409,
a nitric oxide donor [86]; an endothelin receptor-A antag-
onist [87]; an adenosine A2a receptor agonist [88]; Olpri-
none, a selective phosphodiesterase IIT inhibitor [89]; heme
oxygenase-1 [90] and MnTBAP, a superoxide dismutase
mimetic [91]. Therapeutic approaches that promote liver
regeneration, such as serotonin through its action on
receptor-2B [92], overexpression of redox factor 1 [93] and
inhibition of nuclear factor kappa B activation [94] also
protected SFS liver grafts. Recently, mesenchymal stem
cells have been studied to determine their role in stimu-
lating liver regeneration. In particular, Fouraschen et al.
showed that mesenchymal stem cell-secreted factors were
effective at stimulating liver regeneration after surgical
resection by influencing the expression levels of cytokines
and growth factors relevant for cell proliferation, angio-
genesis and anti-inflammatory responses in a rat model of
70 % partial hepatectomy. Mesenchymal stem cell-
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secreted factors may represent a feasible new strategy for
promoting liver regeneration in patients with SES liver
grafts. From another point of view, newly developed
preservation solutions may improve the survival after SFS
graft transplantation. For example, Yagi et al. [95] main-
tained that improvement of microcirculatory disturbances
with a novel preservation solution could maintain the graft
viability, and could thus ameliorate poor outcomes of SFS
grafts in a rat model (Fig. 1).

Conclusions

Left lobe liver transplantation is a well-established proce-
dure in Japan, although SES syndrome is an unavoidable
phenomenon for small grafts. In recent years, the rate of
graft failure due to SFS syndrome has been decreased
because of the development of new strategies to prevent
SES syndrome and improved surgical techniques. A better
understanding of the pathophysiology of SES syndrome
should also result in better outcomes. To achieve excellent
outcomes in LDLT with small grafts, it is essential to avoid
the addition of any other risk factors that can increase the
intrahepatic resistance, such as acute cellular rejection and
cholangitis. Moreover, using pharmacological interven-
tions and/or therapeutic approaches that promote liver
regeneration by stem cells should improve the outcomes of
SES liver transplantation. To resolve the organ shortage,
left lobe liver transplantation could be adopted even in
Western countries.
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Correlation Between Donor Age and Organs Transplanted per Donor:

Our Experience in Japan

J. Ashikari®, K. Omiya, S. Konaka, and K. Nomoto

Japan Organ Transplant Network, Medical Headquarters, Tokyo, Japan

ABSTRACT

The shortage of available organs for transplantation is a worldwide issue. To maximize the
number of transplantations, increasing the number of organs transplanted per donor
(OTPD) is widely recognized as an important factor for improving the shortage. In Japan,
we have had 211 donors, 1112 organs transplanted, and 924 recipients receiving the
transplants, resulting in 4.4 + 1.4 recipients receiving transplants per donor and 5.3 4 1.6
OTPD as of February 2013. Because donor age is a well-recognized factor of donor suit-
ability, we analyzed the correlation between donor age group and OTPD. Only the age
group 60 to 69 years and the age group 70 to 79 years were significantly different (P < .05)
from adjacent age groups. We estimate that a donor under age 70 years has the potential to

donate 4.6 to 6.7 organs.

HE SHORTAGE of available organs for transplant is a
worldwide issue. To maximize the number of trans-
plantations, increasing the number of organs transplanted
per donor (OTPD) as well as improving consent and con-
version rates are widely recognized as important factors [1].
In Japan, since the Organ Transplant Act was enacted in
1997, according to a strict legal and a conservative ethical
background such as allowing brain death to be legally death
only when the decision is made to donate, we have had 211
donations after brain death (DBD) as of February 2013 [2].
Because the number of donors is small, we have explored
methods to maximize the number of OTPDs. From the 211
DBD, we have successfully transplanted 1112 organs,
resulting in 924 recipients receiving the organs (152 heart, 1
heart-lung, 76 double lung, 88 single lung, 180 liver [in-
cludes 13 split to 26 recipients], 1 liver-kidney, 121
pancreas-kidney, 29 pancreas, 264 kidney [includes 1 double
kidney], and 12 small bowel). The utility rates of the organs
were 72.5% for heart, 58.9% for lung, 79.6% for liver,
71.1% for pancreas, and 91.5% for kidney, resulting in 4.4 +
1.4 recipients transplanted per donor and 5.3 + 1.6 OTPD.
The median donor age was 46.3 & 14.2 years; 120 donors
were male and 91 were female. Donor causes of death were
cerebral vascular 126 (59.7%), anoxia 46 (21.8%), head
trauma 37 (17.5%), central nervous system tumor 1 (0.5%),
and other 1 (0.5%). The duration from hospital admission
to organ recovery was 8.4 £ 9.1 days.
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We identified 4 major factors to achieve 5.3 OTPD;
aggressive procedures in donor evaluation, donor manage-
ment, organ placement, and expansion of donor criteria by
the transplant centers. The Japan Organ Transplant
Network (JOT), which functions as the sole organ pro-
curement organization and organ allocation network
covering all of Japan, sends medical consultant doctors,
usually a cardiac surgeon and a pulmonary surgeon, to
donor hospitals to evaluate each donor for organ suitability,
such as performing an electrocardiogram, an ultrasonogra-
phy of the heart and abdomen, and a bronchoscopy after
obtaining consent before placement of the organs [3]. The
medical consultant also manages donors in collaboration
with the attending physician on site or by telephone for an
average of 10 hours before recovery, stabilizing circulation
with fluids, vasopressin drips, albumin, and blood trans-
fusions. Frequent bronchoscopy is performed as needed to
prevent and/or improve atelectasis and pneumonia [4]. JOT
pushes aggressively to place the organs, having one coor-
dinator simultaneously place each organ. JOT sends charts
and images to the transplant centers by an exclusive
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