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Introduction

Acute liver failure (ALF) in children caused by metabolic,

infective, autoimmune, drug-induced or unknown reasons

is rare and is usually associated with an adverse outcome

without transplantation. Emergency liver transplantation

in these children is associated with a good outcome in up

to 80% [1,2]. Unfortunately around 14–20% of children

with ALF die after being listed, mainly because of the lack

of availability of cadaver donor organs [1]. Most children

undergoing successful transplantation receive segmental

grafts using techniques of split-liver transplantation

(SLT), live donor liver transplantation (LDLT) or

reduced-size liver transplantation (RLT) [3].

The recent resurgence of donation after cardiac death

(DCD) with good graft outcomes has provided a viable

option to increase the donor pool [4–6]. These DCD liv-

ers however are still considered ‘marginal’, because of the

associated higher risk of impaired initial graft function,

primary nonfunction, ischaemic type biliary lesions

(ITBL) and rejection [7,8].These grafts are therefore

believed to be unsuitable for transplantation into high-

risk ALF patients [6]. Their use in elective recipients has

been shown to have long-term results comparable to

deceased or live related liver transplantation, provided

care is taken with the donor and recipient selection [9].

Surgical reduction of DCD liver graft potentially further

compromises an already marginal graft with the addi-

tional cold ischaemia and benching procedure. There is

limited data in the literature on the use of DCD reduced-

liver grafts in children, and their use as grafts for paediat-

ric ALF has not been described [10,11]. Herein, we report

our experience of two children with ALF who were

successfully transplanted with reduced (‘cutdown’) DCD

liver grafts.

Case report 1

A 10-week-old female term infant (blood group B +ve)

weighing 2.6 kg presented with ALF secondary to giant

cell hepatitis. Her condition deteriorated with the devel-

opment of progressive coagulopathy, encephalopathy and
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Summary

Emergency liver transplantation is a life-saving procedure in selected subset of

children with acute liver failure (ALF), when most recipients receive a segmen-

tal graft from a living or heart-beating deceased donor. The increased use of

full-liver grafts from donors after cardiac death (DCD) has had a beneficial

impact on elective liver transplantation in adults. These grafts however are

more susceptible to poor initial function, and most centres are reluctant to

consider their use as segmental grafts, let alone in the situation of ALF where

good initial function is imperative. In this short article, we describe the use

and successful outcome in two children aged 6 weeks and 6 years with acute

liver failure who received reduced-size DCD liver grafts.
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she was listed for after satisfying criteria for ‘super-urgent’

transplantation (On admission biochemistry: INR – 2.2,

Bilirubin – 476 mmol/l, ALT – 136 IU/l, AST 661 IU/l,

gamma GT 64 IU/l, ALP 1261 IU/l). An EEG was com-

patible with hepatic encephalopathy. In view of her small

size, an upper limit of 50 kg donor weight was set and

she waited 22 days before receiving an offer from a

35 kg 14-year-old DCD donor with meningitis (blood

group O +ve). A decision was made to accept this cate-

gory III donor offer in view of clinical deterioration and

lack of other offers. Recipient biochemical results at the

time of transplant were; AST 348 IU/l, ALT 69 IU/l, ALP

– 701 IU/l, gamma GT 47 IU/l Bilirubin 382 mmol, Na+

139 mmol/l, K+ 3.6 mmol/l, Hb% 9.3 g, WBC 3.6 · 103,

Platelets 75 · 103 and INR 1.5 [supported with fresh-fro-

zen plasma (FFP)]. The donor: recipient weight ratio

(DRWR) was 13.5. The donor liver was reduced to obtain

a graft containing segments II and an atrophic segment

III with a weight of 68 g, and the graft weight:recipient

weight (GWRW) ratio was 2.42%. Venous outflow was

achieved with a donor left hepatic vein to a triangulated

recipient hepatic vein trifurcation (Brisbane method) [12]

and portal vein reconstruction involved the donor left

portal vein to recipient main portal vein bifurcation. A

donor iliac artery conduit from the recipient infra-renal

aorta was used as the arterial reconstruction. Biliary

reconstruction was done with a Roux loop hepaticojejun-

ostomy. The cold ischaemic time (CIT) was 8 h and

29 min, while the graft warm ischaemia and the implan-

tation times were 22 and 50 min respectively. The intra-

operative transfusion requirements were: 320 cc packed

red cells, and 760 cc FFP and 100 cc platelets and 300 cc

colloids. The early postoperative course was associated

with renal dysfunction and fluid overload requiring tem-

porary renal support. Her subsequent course was

uneventful, she was discharged on tacrolimus, mycoph-

enelate and prednisolone-based immunosuppression at

33 days. Follow up biochemistry at 6 months was; AST

159 IU/l, ALT 229 IU/l, ALP – 701 IU/l, Bilirubin

13 mmol and gamma GT 455 IU/l. An ultrasound scan

showed patent graft vessels and a nondilated biliary sys-

tem. The most recent liver biopsy ruled out rejection, but

showed mild cholestasis.

Case report 2

A 6-year-old girl (weight 15.4 kg, blood group O +ve)

diagnosed with primary familial intra-hepatic cholestasis

(PFIC) was admitted with sudden-onset acute-on-chronic

hepatic failure. On presentation, she was encephalopathic

and her serum biochemistry was as follows: AST 454 IU/l,

ALT 42 IU/l, ALP – 103 IU/l, Bilirubin 856 mmol/l, Na+

130 mmol/l, K+ 5.2 mmol/l, Hb% 6.2 g, WBC 16.5 · 103,

Platelets 155 · 103 and INR of 3.6. She was listed for a

‘super-urgent’ transplantation and was offered and

received a reduced left hemiliver from a 20-year-old

deceased donor; blood group O +ve; category III DCD

donor; weight 75 kg; cause of death of the donor –

trauma; with DRWR of 4.87. The liver was reduced to a

graft containing segments II, III and IV. The graft

weighed 645 g and the GWRW was 4.18%. The cold

ischaemia time was 9 h and 34 min and the graft warm

ischaemia and the implantation times were 25 and

36 min respectively. Venous and biliary reconstruction

was similar to case 01, and arterial reconstruction was via

a direct hepatic artery to hepatic artery anastomosis. Post

operatively she developed two episodes of early acute

rejection confirmed by biopsy and successfully treated

with pulsed steroids. The remainder of her post operative

recovery was uneventful and maintained on tacrolimus

based immunosuppression. At 3-year post-transplanta-

tion, she remains clinically well, although her liver

enzymes are elevated (AST 138 IU/l, ALT 213 IU/l, ALP –

1014 IU/l, Bilirubin 8 mmol/l, gamma GT 75 IU/l) with

normal appearance of the graft on ultrasonography. A

recent liver biopsy has ruled out rejection and shows fea-

tures of cholestasis, and the deranged liver function has

been attributed to mild intra-hepatic biliary fibrosis.

Magnetic resonance cholangiography showed minimal

segmental intra-hepatic biliary dilatation suggestive of

early multiple intra-hepatic strictures.

Discussion

The frequency of DCD transplants has increased over the

past several years and account for nearly 14% of all trans-

plants in the United Kingdom at present, with an increase

of 94% over the last year [13]. Graft and patient survival

figures following LT from controlled DCD in larger series

approached 80% at 1 year, which is not different to

deceased heart-beating donor transplantation [14]. These

outcomes and organ shortage have led to expansion of

the recipient pool, with DCD transplantation being

considered in patients who were previously considered

less suitable to receive such grafts. Sometimes DCD may

be the only option for a patient who is severely ill; waiting

for an ideal graft may result in irreversible brain injury,

multi-organ failure and mortality in patients with ALF.

The increased susceptibility of DCD organs to primary

nonfunction and initial poor function is attributed to the

initial warm ischaemia incurred by hypotension and sub-

sequent circulatory arrest followed by obligatory stand-off

time and vascular congestion [6,15]. Improved graft and

patient survival is reported when the warm ischaemia time

is below 30 min [16]. Moreover, prolongation of the cold

ischaemia time has been shown to increase this ischaemic
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injury [17]. This affects early graft function, and graft fail-

ure rates have been reported to increase by approximately

threefold when the cold ischaemia time exceeds 8 h [14].

Reduction of a DCD liver graft to the appropriate size fur-

ther lengthens cold ischaemia time, and as a result both

our grafts were implanted with a CIT > 8 h.

The reported successes of DCD transplantation have in

part relied on careful patient selection. The overall results

after DCD transplantation have historically been inferior

when the recipients are more ill, resulting in higher oper-

ative mortality and graft failure rates. There is clearly an

additional risk in performing a LT using a graft from

DCD donor in a child with acute liver failure, adding

additional challenges to the management of encephalopa-

thy, sepsis, coagulopathy and renal impairment associated

with ALF. However, a major concern in DCD transplan-

tation is the long-term biliary complications and in

particular ITBL, with a reported incidence of up to 50%

[18]. This was confirmed in one of the children in this

report, and in the other, the short follow up may pre-

clude a definitive conclusion. The successful use of

thrombolytic agents prior to cardiac death may reduce

the biliary complications after DCD transplantation [19].

This report also raises the possibility of considering the

use of segmental DCD grafts for more elective recipients

either as reduced- or even as split-liver grafts thereby

increasing the donor pool. From a technical point of

view, bench times are shorter for graft reduction when

compared with liver splitting. Understandably, use of

DCD livers as split grafts for two recipients would add to

the logistic pressures, as both split grafts would need to

be transplanted simultaneously, keeping cold ischaemia

times shorter than 8 h. Therefore, local/regional rather

than national allocation of DCD liver grafts would help

to minimize the cold ischaemia times, and early com-

mencement of the recipient operation before arrival of

the graft may also help to save vital time.

In conclusion, this paper describes the first successful

use of segmental DCD liver grafts in children with acute

liver failure. The early results are promising with both

patients surviving the crucial early perioperative period

and one child completing a 3-year follow up. Although the

limited follow up in this case series does not allow us to

draw conclusions on the long-term outcome and the

necessity for re-transplantation, we have demonstrated that

the use of DCD segmental grafts is a definitive life-saving

option for children with ALF. The use of these DCD livers

as segmental grafts should be increasingly considered.
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