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Introduction

Summary

A retrospective multicenter study has been conducted to evaluate domino liver
transplantations (DLTs) in Germany. The study provides insight into survival and
features having an impact on the assessment of neuropathy after DLT. In addi-
tion, a neurologic follow-up program with a scheme to estimate the likelihood of
de novo amyloidosis is presented. A series of 61 DLTSs at seven transplant centers
in Germany was enrolled. The mean age of domino recipients at the time of trans-
plantation was 58 years, 46 of them being men, and 15 being women. The median
follow-up was 46 months. The overall 1-, 3-, and 5-year survival of domino recip-
ients was 81.6%, 70.8% and 68.8%, respectively. Causes of death were primarily
not related to familial amyloidosis. The main indication of DLT was hepatocellu-
lar carcinoma. Two of the reported domino recipients developed symptoms and
signs of de novo amyloidosis within 10 years after transplantation. A total of 30
domino graft recipients (49.18%) presented with diabetes post transplantation. In
conclusion, an advanced follow-up program is crucial to evaluate the risk of
transmitting familial amyloidosis by DLT and to establish more strict selection
criteria for domino recipients.

Familial amyloidotic polyneuropathy is primarily char-
acterized by sensory, motor and autonomic neuropathy

Familial amyloidotic polyneuropathy (FAP) is an autoso-
mal dominant inherited disease caused by specific muta-
tions within the transthyretin (TTR) gene [1,2]. It has been
discovered in more than 30 countries with large foci in Por-
tugal, Japan, and Sweden [3]. The first case was reported by
Andrade et al. in Portugal in 1952 [4]. In contrast to these
endemic areas, cases with FAP have been less commonly
reported in Germany.
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and or cardiomyopathy [3]. The age at the onset of first
symptoms varies depending on genotype and endemic
region with a mean age of 35 years in Portugal and
Japan [3]. A later mean age of onset has been described
in Swedish patients [5]. The course of the disease is pro-
gressive and in all symptomatic cases ultimately fatal [6].
In several studies, orthotopic liver transplantation is
highlighted as an effective and curative treatment [7-11].
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The first patient with FAP underwent liver transplanta-
tion in 1990 [12,13].

A valuable consequence of performing liver transplanta-
tion in patients with FAP in the time of organ shortage is
the possibility to use the removed liver for transplantation
into another patient, a well established procedure called
domino liver transplantation (DLT) [6,14]. There are sev-
eral points emphasizing FAP to be an excellent condition to
perform a DLT. Firstly, the explanted liver is morphologi-
cally and functionally normal apart from the genetic defect
that leads to production of the TTR variant within some
decades [15]. Secondly, the donor is comparatively young
and the cold ischemia time would be short if the amyloi-
dotic liver was used for DLT in the same transplant center.
Finally, FAP inherently requires 18—-83 years to develop dis-
ease symptoms [3,16]. A period of approximately 20 years
was assumed in domino recipients before the onset of
FAP-related symptoms when DLT was first performed by
Furtado and his team in Portugal in 1995 [13,17,18]. In
Germany, the first DLT was performed in Hannover in
1997 [19]. The Domino Liver Transplant Registry reports
more than 1000 DLTs performed worldwide by December
of 2011 [20].

This study has been conducted to evaluate DLTs in
Germany. It provides insight into survival and features like
diabetes and immunosuppression having an impact on the
assessment of FAP symptoms after DLT. In addition, a neu-
rologic follow-up program with a scheme to estimate the
likelihood of de novo amyloidosis is presented for the first
time in literature. Finally, the results lead to the discussion
of consistent selection criteria for domino recipients.

Methods

A retrospective multicenter study including 61 DLTs
between January 1997 and November 2010 has been per-
formed. Transplant centers in Berlin (n = 6), Hannover
(n=15), Heidelberg (n=11), Kiel (n=2), Mainz
(n =19), Munster (n = 5) and Tibingen (n = 3) partici-
pated.

All domino donors with FAP proven by genetic testing
were eligible for study inclusion. The following donor
parameters were recorded: age, sex and type of TTR muta-
tion. The main focus was to gather information about the
recipients including age, sex, nationality, height and weight
for body mass index (BMI) as well as modified BMI
(mBMI = serum albumin [g/l] x BMI), preoperative diag-
nosis of liver disease, Child-Pugh-Score, MELD-Score (cal-
culated according to the following formula: MELD = 3.8
[Ln serum bilirubin (mg/dl)] + 11.2[Ln INR] + 9.6[Ln
serum creatinine (mg/dl)] + 6.4) [21], date of DLT, opera-
tion time, cold ischemia time, outcome, recurrence of pri-
mary disease, immunosuppression referred to the last visit
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of post-transplant medical care, graft rejection, retransplan-
tation, comorbidities like alcohol, diabetes and arterial
hypertension as well as symptoms of neuropathy. In
patients with hepatocellular carcinoma (HCC), data about
bridging therapy, TNM-stage according to the American
Joint Committee on Cancer were gathered. In addition, the
number and maximal diameter of tumor noduli for the
Milan criteria (defined as single lesion <5 cm or up to
three separate lesions, none larger than 3 cm) [22] was
obtained. The retrospective evaluation of Milan criteria was
consistently based on pathologic findings in the explanted
liver. Comorbidities like arterial hypertension and diabetes
were assessed twice: prior to DLT and in post-transplant
follow-up. The diagnosis of diabetes mellitus was based on
the criteria of the World Health Organization (hemoglobin
Ajc  >6.5%, fasting plasma glucose > 126 mg/dl
(7.0 mmol/l), random elevated glucose >200 mg/dl
(11.1 mmol/I) with symptoms, or abnormal oral glucose
tolerance test >200 mg/dl (11.1 mmol/l). To evaluate
symptoms and signs of neuropathy in domino recipients,
observations and examinations during follow-up were
retrieved.

Statistics

All data entered into a Microsoft Excel database were pro-
cessed by using the statistical package PASW Statistics 18
(version 18.0.0; SPSS Inc., an IBM company, Chicago, IL,
USA). The results were expressed as mean values and stan-
dard deviation for normally distributed continuous data, as
median values and interquartile ranges for not normally
distributed continuous data and as percentages for qualita-
tive data. The actuarial survival was calculated by the Kap-
lan-Meier method from the date of DLT until death from
any cause. Survival curves were compared by the log-rank
test. A P-value < 0.05 was regarded as statistically signifi-
cant.

Approval

The study has been approved by the local institutional
review board in Miinster.

Results

The patient population consisted of 37 male and 24 female
domino donors with a mean age of 45 (£11.29, range 28—
68) years at the time of transplantation. The majority of
them carried the p.Val30Met (n = 28, 45,90%) mutation.
Their livers were sequentially transplanted into 46 male and
15 female domino recipients. No split graft was used. At
the time of transplantation, the mean recipient age was
58 £ 6.76 years. It ranged from 43 to 74 years; 49.20%
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(n =30) of the domino recipients were younger than
60 years of age. The mean BMI was 25.91 (£3.63) kg/m?
the mean modified BMI was 873.38 (4-238.95). The charac-
teristics of domino liver transplant donors and recipients
are summarized in Tables 1 and 2.

The most common indication for DLT was HCC
(n = 46, 75.40%). The underlying liver diseases primarily
were hepatitis C related liver cirrhosis (19/61, 31.1%), alco-
holic liver cirrhosis (11/61, 18.0%) and hepatitis B related
liver cirrhosis (10/61, 16.4%). In total, 32 out of 46 HCC
patients (69.6%) fulfilled the Milan criteria. However,
many patients were submitted to adjuvant cancer therapy
such as arterial chemoembolization as bridging concept. In
a small number of patients, hepatitis C liver (2/61, 3.3%)
cirrhosis, alcoholic liver cirrhosis (2/61, 3.3%), alpha-1
antitrypsin deficiency related liver cirrhosis (1/61, 1.6%),
hereditary hemochromatosis related liver cirrhosis (1/61,
1.6%), and cryptogenic cirrhosis (1/61, 1.6%) were an indi-
cation for DLT. The Model for End Stage Liver Disease
(MELD) predicting three- month survival ranged from 6 to
30. The median value was 9 (interquartile range 6-13).
Regarding the Child Turcotte classification, 25 (41.0%)
patients could be classified as Child A liver cirrhosis, 19
(31.1%) patients as Child B liver cirrhosis, and 9 (14.8%)
patients as Child C liver cirrhosis prior to liver transplanta-
tion.

Table 1. Characteristics of the donors.

Age at the time of transplantation (years)

Mean + SD 45.02 + 11.29
Gender

Male n = 37(60.7%)

Female n=24(39.3%)
TTR mutation

p.Ala97Gly (c.290C>G) n=1(1.6%)
p.Asp38Val (c.113A>T) n=1(1.6%)
p.Glu89Lys (c.265G>A) n=2(3.3%)
p.Gly47Ala (c.140G>C) n=4(6.6%)
p.Gly47Glu (c.140G>A) n=2(3.3%)
p.Gly53Ala (c.158G>C) n=1(1.6%)
p.Gly53Glu (c.158G>A) n= (1 6%)
p.lle107Met (c.321T>G) n=1(1.6%)
p.lle107Val (c.319A>G) n= 1 (1.6%)
p.Leu12Pro (c.35T>C) n=2(3.3%)
p.Leu55Arg (c.164T>G) n=1(1.6%)
p.Leu58His (c.173T>A) n=1(1.6%)
p.Phe33Leu (c.97T>C) n=1(1.6%)
p.Ser50Arg (c. 148A>G) n=4(6.6%)
p.Thr49Ala (c.145A>G) n=2(3.3%)
p.Thr49lle (c.146C>T) n=1(1.6%)
p.Thr59Lys (c.176C>A) n=1(1.6%)
p.Val30Met (c.88G>A) n = 28(45.9%)
Unknown n==6(9.8%)

SD, Standard deviation; TTR, Transthyretin.
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Table 2. Characteristics of the recipients.

Age at the time of transplantation (years)

Mean + SD 58.31 + 6.76
Gender
Male n =46 (75.4%)
Female n=15(24.6%)
Body mass index (kg/m?)
Mean + SD 2591 £+ 3.63
DLTs n==61
Median operation time (min) 344
Median cold ischemia time (min) 400
Survival
Alive n=39(63.9%)
Dead n=22(36.1%)
Follow-up (months)
Median 45.93
Range 1-157
Interquartile range 14.44-84.10
Indications
HCC not specified n=3(4.9%)
HCC induced by hepatitis-B liver cirrhosis n=10(16.4%)
HCC induced by hepatitis-C liver cirrhosis n=1931.1%)
HCC induced by alcoholic liver cirrhosis n=11(18%)
HCC induced by hereditary hemochromatosis n=1(1.6%)
liver cirrhosis
HCC induced by autoimmune hepatitis n=1(1.6%)
liver cirrhosis
HCC induced by alpha-1 antitrypsin n=1(1.6%)
deficiency liver cirrhosis
Epithelioid hemangioendothelioma n = 3(4.9%)
Hepatitis-C liver cirrhosis n=2(3.3%)
Alcoholic cirrhosis n=2(3.3%)
Alpha-1 antitrypsin deficiency liver cirrhosis n=1(1.6%)
Hereditary hemochromatosis liver cirrhosis n=1(1.6%)
Cryptogenic cirrhosis n=1(1.6%)
Other n=>5(8.2%)
Comorbidities
Smoking n=:6(9.8%)
History of alcohol consumption n=20(32.8%)
Diabetes
Pre-DLT n=20(32.8%)
Post-DLT n=30(49.2%)
Avrterial Hypertension
Pre-DLT n=18(29.5%)
Post-DLT n = 30(49.2%)
Graft rejection episodes n=23
Retransplantations n=3(4.9%)
De novo amyloidosis =2(3.3%)

SD, Standard deviation; DLT, Domino liver transplantation; HCC,
Hepatocellular carcinoma.

The immunosuppressive therapy applied by the trans-
plant centers was heterogenous. Follow-up was available
for 38 of 61 (62.2%) domino recipients; 22 patients died
and one was lost to follow-up. The immunosuppression
being either a monotherapy with a calcineurin inhibitor or
a combination of different agents was composed of a gluco-
corticoid (n = 7), a calcineurin inhibitor (n = 30), and a
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purine inhibitor (n = 26). A total of 8 patients received a
therapy with a mTOR-inhibitor especially those with HCC
as underlying condition. In the whole recipient group, there
were 23 rejection episodes in 20 patients. There were 9
rejection episodes in hepatitis C and 3 rejection episodes in
hepatitis B positive recipients (39.1% and 13.0%, respec-
tively). All liver transplants were blood group identical.

A remarkable proportion of domino recipients presented
with diabetes (n = 30, 49.2%) after liver transplantation:
17 (17/30, 56.7%) with insulin-dependent diabetes mellitus
and 13 (13/30, 43.3%) with non-insulin-dependent diabe-
tes mellitus. In 20 (66.7%) cases, the diagnosis was estab-
lished pre- and in 10 (33.3%) cases post-transplantation.
Thus, post-transplant diabetes mellitus (PTDM) occurred
in 16.4% of the domino recipients. A significant difference
in PTDM between the ciclosporin (13/30, 43.3%) and ta-
crolimus (17/30, 56.7%) subgroup could not be shown
because of the limited number of patients (P = 0.962). In
total, 18 (29.5%) domino recipients had a diagnosis of
hypertension pre- and 30 (49.2%) post-transplantation.
Moreover, a total of 20 (32.8%) domino recipients had a
history of alcohol consumption.

The overall 1-, 3-, and 5-year actuarial survival was
81.6% (11 deaths, 48 patients at risk, and 2 censored),
70.8% (17 deaths, 36 patients at risk, and 8 censored) and
68.8% (18 deaths, 34 patients at risk, and 9 censored).
Median follow-up after DLT was 46 (interquartile range
14.44-84.10) months. The Kaplan—Meier curve is depicted
in Fig. 1. A significant difference in survival between recipi-
ents of grafts with p.Val30Met mutation and Non-p.Val30-
Met mutation was not observed (P = 0.253). Altogether, 22
of 61 (36.1%) domino recipients died. Causes of death were
sepsis (n = 6), tumor recurrence (n = 5), multiorgan fail-
ure (n = 4), cardiovascular complications (n = 2), pulmo-
nary embolism (n = 2), cachexia (n = 1), kidney (n = 1),
and liver failure (n = 1). In total, there were three deaths
from tumor recurrence in patients with HCC exceeding
Milan criteria.

Two cases of de novo amyloidosis occurred after
DLT. Barreiros et al. reported the first case of a 75-year-
old-woman who developed de novo amyloidosis 9 years
after DLT. The underlying disease was hepatitis C liver cir-
rhosis complicated by HCC. The patient exhibited dyses-
thesia, burning pain, and progressive sensory loss in the
lower limbs. Finally, the patient died of cachexia because of
malnutrition and persistent diarrhea 12 years after liver
transplantation [23]. The second case is a 73-year-old-man
who underwent DLT in 1997 because of hepatitis B liver
cirrhosis complicated by HCC. He presented with
post-transplant diabetes and started to develop a progres-
sive length-dependent polyneuropathy 3 years after trans-
plantation. In spite of an extensive work-up in several
hospitals with Nerve Conduction Studies (NCS) showing a
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Figure 1 The overall 1-, 3-, and 5-year actuarial survival of DLT recipi-
ents was 81.6%, 70.8% and 68.8%.

mixture of axonal degeneration and demyelination, sural
nerve biopsy was not performed until October 2010. At this
point in time, amyloid deposits were detected by sural
nerve biopsy and rectal tissue biopsies, but it was difficult
to determine the onset of de novo amyloidosis accurately.

Discussion

In our evaluation of DLTs in Germany, we revealed that
only two of seven transplant centers had a specific follow-
up of domino recipients concerning the risk of transmitting
FAP by DLT. However, two cases of de novo amyloidosis
could be identified and classified as probable (first case)
and possible (second case) de novo amyloidosis. There are
more reports in literature describing de novo amyloidosis
after DLT. In 2005, Stangou et al. reported the first domino
liver recipient, a 55-year-old man who developed symp-
toms of amyloidosis 8 years after DLT. The indication was
hepatitis C liver cirrhosis complicated by HCC. The patient
showed symptoms of dysesthesia in the lower limbs and
developed progressive peripheral neuropathy. Sural nerve
biopsy revealed TTR amyloid deposits [24]. A second
patient was described by Goto et al. in 2006. A 57-year-old
woman who received part of a domino liver started to
develop sensory neuropathy 7 years after transplantation
[25]. In their domino liver transplant program, Castaing
et al. reported one out of 106 patients who developed
peripheral neuropathy with histologically proven amyloid
deposits 8 years after transplantation [26]. The French ref-
erence centers for FAP reported a series of 114 DLTs
between 1997 and 2008. A total of seven domino recipients
developed peripheral neuropathy during follow-up. Endo-
neurial amyloid deposits were detected by nerve biopsy in
three patients [27]. Lladé6 et al. evaluated the transmission
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incidence of familial amyloidosis in 17 patients. In total,
four patients were diagnosed with de novo amyloidosis at
an average of 7.5 years after transplantation [28]. Concei-
cao et al. described a patient who developed peripheral
neuropathy in the lower limbs 9 years after DLT. Sural
nerve biopsy confirmed the presence of amyloid deposits
[29]. Obayashi et al. reported the case of a 35-year-old man
with primary sclerosing cholangitis who underwent DLT
and developed peripheral neuropathy 10 years later [30].

This and previous studies indicate that symptoms and
signs of familial amyloidosis could occur within a period of
10 years after DLT. Thus, the onset of neuropathy is signifi-
cantly earlier than observed in patients with inherited FAP
[15,23]. In addition, it is noteworthy that half of the dom-
ino recipients in our study were less than 60 years old. This
may be because of the fact that consistent selection criteria
for domino recipients have not been established yet. Fur-
thermore, the transplant centers varied in tumor stage pol-
icy. HCC was the most common indication for DLT
encountered in 46 (75.40%) patients. In total, 14 (30.4%)
domino recipients exceeded Milan criteria retrospectively.
However, in our study the overall 5-year survival of 68.8%
was reasonable and in accordance with Wilczek et al. who
reported an overall 5-year survival in domino recipients of
65.3% [31]. The outcomes are similar to those after con-
ventional liver transplantation [32,33]. Bispo ef al. even
concluded that younger donors and shorter ischemic time
associated with DLT may be protective with regard to graft
dysfunction and perioperative bleeding, two important
determinants of early morbidity after liver transplantation
[34].

The advantages of DLT such as an increased supply of
liver grafts and excellent liver function may outweigh the
risk in well-selected patients. It is important that domino
recipients are elucidated on the nature of FAP, the charac-
teristics of the liver and possible complications after DLT.
An essential condition is that the recipients sign a written
informed consent before undergoing the procedure.

Follow-up

In addition to general care after liver transplantation focus-
ing on common problems such as organ rejection, infec-
tions, arterial hypertension, diabetes, dyslipidemia,
osteoporosis, renal disease, and malignancy domino recipi-
ents require a neurologic follow-up. After establishing a
baseline, we favor neurologic evaluations 1, 5, and 7 years
after DLT. Hereafter and in the case of neuropathy, neuro-
logic evaluation should be carried out annually.

The baseline evaluations prior to DLT should include
the following: demographics, medical history including
comorbidities such as diabetes and arterial hypertension,
concomitant medication, blood sample collection for

© 2013 Steunstichting ESOT. Published by John Wiley & Sons Ltd 26 (2013) 715-723
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hematology, serum chemistry, coagulation panel and virol-
ogy (testing for HBV, HCV and HIV), symptom score of
the United Kingdom screening test, Neuropathy Impair-
ment Score Lower Limbs (NIS-LL), if available quantitative
sensory testing (QST) including vibration and temperature
thresholds, NCS (peroneal, tibial and sural nerves), electro-
cardiogram, 24-hour blood pressure monitoring, echocar-
diography, gastro- and colonoscopy.

The neurologic follow-up for domino recipients is illus-
trated in Table 3. The assessment of peripheral neuropathy
regarding underlying cause and severity is complex. How-
ever, diabetic peripheral neuropathy (DPN) has been stud-
ied thoroughly [35,36]. In line with DPN, a main feature of
familial amyloidosis is length-dependent peripheral neu-
ropathy [2,3]. Therefore, we propose to use the symptom
score of the United Kingdom screening test [37,38] and the
NIS-LL [39] validated in DPN to evaluate and quantify
symptoms and signs of peripheral neuropathy in domino
transplant recipients. The symptom score of the United
Kingdom screening test is based on five questions as illus-
trated in Table 3 [37,38]. A modification of the Neurologic
Disability Score (NDS) described by Dyck [35] is the NIS-
LL [39]. The NIS-LL evaluates changes in motor, sensory,
and reflex activity in the lower extremities [39]. Dyck et al.
have suggested that in controlled clinical trials, a mean
change of 2 points on the NDS is clinically detectable and
meaningful [40]. Thus, a change from baseline of at least 2
points on the NIS-LL scale is expected to occur in domino
recipients with progressive neuropathy. Furthermore, Dyk
et al. showed that their Computer-Assisted Sensory Exami-
nation (CASE IV) system provides reproducible estimates
of sensory thresholds [41]. If CASE IV equipment is avail-
able, we suggest it to determine vibration and temperature
thresholds in domino recipients. Thereby, subtle abnormal-
ities at baseline and progression of neuropathy after DLT
could be identified. Nerve conduction studies should
include a standard assessment of sural nerves as afferent
fibers and peroneal and tibial nerves as motor fibers. The
advantage is that they are sensitive and reproducible [39].
Finally, sural nerve biopsy should be performed in domino
recipients with two or more abnormalities in neurologic
evaluation including neuropathic symptoms, NIS-LL, QST,
and NCS.

When evaluating patients with neuropathy, it is crucial
to acknowledge other causes of neuropathy than familial
amyloidosis [42]. In our study, we revealed a total of 20
(32.8%) patients with a history of alcohol consumption
and 30 (49.2%) patients with diabetes after transplantation.
Among the studied domino recipients, new onset of diabe-
tes mellitus occurred in 16.4%. Furthermore, neurotoxicity
of calcineurin inhibitors is a well-known side effect [43,44].
Therefore, laboratory tests including glucose, glycated
hemoglobin, viral serologies (HAV, HBV, HCV and HIV),
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Table 3. Neurologic follow-up for domino recipients.

Hereafter and in
Baseline One year Five years Seven years case of
prior to DLT after DLT after DLT after DLT neuropathy
annually

1. Signs of peripheral neuropathy

Neuropathic symptom score

Symptom score of the United Kingdom screening Neurologic examination
test [37,38] Neuropathy impairment score lower limbs [39]
e What is the sensation felt? Muscle groups tested

Burning, numbness, tingling (2 points); fatigue, | ¢ Hip flexion and extension
cramping or aching (1 point). e Knee flexion and extension

Maximum is 2 points. Ankle dorsiflexion

, . Ankle plantar flexion
e What is the location of symptoms?
Toe flexion and extension

Feet (2 points); calves (1 point); elsewhere (0
point). Maximum is 2 points. Reflexes tested

e Quadriceps femoris
e Have the symptoms ever awakened you at

. ) . e Triceps surae
night? Yes (1 point); no (0 point)

. . Sensory modalities tested
e What is the timing of the symptoms?

. _ _ e Touch pressure
Worse at night (2 points); present day and night
e Pinprick
(1 point); present only during the day (0 point). P
e Vibration

Maximum is 2 points.
e Joint position
e How are symptoms relieved?
Walking around (2 points); standing (1 point);
sitting, lying or no relief (0 point).
Maximum is 2 points.
2. Quantitative sensory testing including vibration and temperature threshold if available

3. Nerve conduction studies (peroneal, tibial and sural nerves)

4. Sural nerve biopsy in domino recipients with two or more abnormalities

Symptom score of the

United Kingdom NIS-LL score change | Significant change in Nerve conduction
Screening test change from baseline > 2 quantitative sensory diesab i
from baseline > 2 points testing studiies abnormalities

points

DLT, Domino liver transplantation.

720 © 2013 Steunstichting ESOT. Published by John Wiley & Sons Ltd 26 (2013) 715-723
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Table 4. Scheme to estimate the likelihood of de novo amyloidosis.

Domino liver transplantation in Germany

Unlikely Possible

Probable Confirmed

Two or more abnormalities
identified in neurologic
evaluation and other etiologies
of neuropathy could not be
ruled out

Less than two abnormalities
identified in neurologic
evaluation or other conditions,
including concurrent illnesses
or immunosuppression best
explain symptoms and signs of
neuropathy

Two or more abnormalities
identified in neurologic
evaluation, other etiologies
could be ruled out and biopsy
proven amyloid

Two or more abnormalities
identified in neurologic
evaluation and other etiologies
could be ruled out

liver and renal function tests, erythrocyte sedimentation
rate (ESR), rheumatoid factor (RF), anti-nuclear antibodies
(ANA), anti-neutrophil cytoplasmic antibodies (ANCA),
vitamin By, B, By, vitamin E, folic acid, and serum protein
electrophoresis as well as serum levels of immunosuppres-
sion are worthwhile [28]. In spite of an extensive work-up,
the etiology of neuropathy could not always be identified.
Consequently, we developed a scheme to estimate the likeli-
hood of de novo amyloidosis for research purposes and
physicians, providing diagnostic criteria. Our proposal is
presented in Table 4. Thus, the highest likelihood of de
novo amyloidosis occurred when a combination of neuro-
pathic symptoms (symptom score of the United Kingdom
screening test) and signs (NIS-LL, QST, NCS) are accom-
panied by biopsy proven amyloid and other causes of neu-
ropathy are excluded. In agreement with Lldao et al. we
recommend sural nerve biopsy to confirm de novo amyloi-
dosis [28].

The gastrointestinal evaluation focuses on indigestion,
malabsorption, diarrhea, and obstipation. A symptomatic
gastrointestinal amyloidosis should be suspected if there
are other findings related to FAP. The diagnosis should be
confirmed by rectal tissue biopsies. The first study by Bit-
tencourt et al. observed no evidence of gastrointestinal
amyloid deposition in seven domino recipients after a
mean follow-up of 24 months [45]. Takei et al. screened
and identified gastric mucosal amyloid deposits in two
patients 2 years after transplantation, though none of them
developed neuropathic symptoms [46].

The cardiologic evaluation focuses on syncopes, ortho-
static hypotension and arrhythmia. Electrocardiographic
asymptomatic
patients. Since none of these findings alone is pathogno-
monic, a symptomatic amyloid cardiomyopathy should
be suspected if there are other findings related to FAP.
The earliest echocardiographic abnormality is left ventric-

abnormalities are common even in

ular wall thickening with evidence of diastolic dysfunc-
tion and a rising brain natriuretic peptide (BNP) [47,48].
In addition, the cardiac involvement could be underlined
by gadolinium enhanced cardiovascular magnetic reso-
nance imaging [49].

© 2013 Steunstichting ESOT. Published by John Wiley & Sons Ltd 26 (2013) 715-723

Selection of domino recipients

The selection of a particular domino recipient depends on
a number of factors. Matching for size and blood group are
important as well as time on the waiting list, medical
urgency and the condition of the donor liver. However,
DLT is a highly specialized procedure with the risk of trans-
mitting familial amyloidosis. We suppose a variety of fac-
tors to be implicated in the genesis and course of de novo
amyloidosis, including age, gender, specific mutation
within the TTR gene and immunosuppression. Further
prospective studies are necessary to evaluate the implica-
tion of these factors. After evaluating DLTs in Germany
and reviewing the literature, our proposal is to offer dom-
ino grafts to recipients older than 60 years. Since the assess-
ment of post-transplant neuropathy is a challenging task,
patients diagnosed with diabetes prior to transplantation
and risk factors of post-transplant diabetes such as hepatitis
C [50,51] and obesity [52] seem to be less favorable. In our
opinion, these factors should be taken into account in pri-
oritizing patients for DLT.

Conclusions

In conclusion, DLT is an appropriate alternative for
patients who are in need of a liver transplant, but bear the
risk of not receiving a deceased donor graft by standard or
nonstandard allocation in time. Furthermore, livers from
younger donors with FAP may be suitable for splitting,
enabling transplantation into two recipients. Although
complications of de novo amyloidosis can result in signifi-
cant morbidity, they seemed not to be the leading cause of
death after DLT. In domino recipients with confirmed
amyloidosis risks and advantages of retransplantation and
experimental pharmacologic treatment, i.e., Tafamidis
[53], have to be balanced.

This study is limited by a meticulous analysis of data
from transplant centers. However, the results of our study,
the proposal of an advanced follow-up program with a
scheme to estimate the likelihood of de novo amyloidosis
provide the basis for prospective studies addressing the
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accurate onset and incidence of de novo amyloidosis. It will
be an issue to establish more strict selection criteria defin-
ing who qualifies for DLT.
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