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Abstract Many parameters cur-
rently used for the pre-transplant
assessment of liver allografts, are
not reliable enough in predicting the
likelihood of early graft dysfunction
or non-function. It is generally ac-
cepted that bile secretion is a sign of
hepatic function post-transplant and
that bile flow shows a close linear
relationship to the secretion of bile
acids (“apparent choleretic activi-
ty™). We have studied bile flow, bili-
ary bile acid concentrations and
composition and measured apparent
choleretic activity from hepatic bile
collected with a new technique un-
der controlled conditions at the time

of retrieval from 18 donor livers.
More than three sampies were col-
lected from each of 13 donors and a
total of 65 samples of hepatic bile
were analysed. Of these, ten showed
typical apparent choleretic activity
with a positive slope in the regres-
sion line analysis (correlation coef-
ficient of 0.9), validating our collec-
tion technique.
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Introduction

Liver transplantation is now firmly established as a
treatment for patients with end-stage liver disease. The
reliable assessment of the donor liver prior to transplan-
tation has been a subject of much research and is in-
creasingly important as donor numbers remain limited.
Many clinical and laboratory parameters have been
used to assess the graft pre-transplantation [10, 12, 19,
22, 24], but there is no single criterion that is reliable
and so the transplant surgeon must rely on the overall
assessment of donor data and liver appearance [16, 18].

Bile secretion is an important physiological function
of the liver, and good bile flow has been considered as
an early sign of hepatic function following transplanta-
tion [8, 25]. Bile acids are quantitatively the major com-
ponent of human bile and their secretion influences bile
flow and the biliary concentrations of phospholipids and
cholesterol. Hepatic bile formation occurs at two levels,
canalicular and ductular. Canalicular bile flow is mainly

transplantation

dependent on bile acid secretion [bile acid-dependent
bile flow (BADBF)] and accounts for 70 % -85 % of the
total canalicular flow. Bile acid-independent bile flow
(BAIBF) is probably driven by inorganic ion transport
{13, 21] and is both canalicular and ductular.
Measurement of bile secretion in transplant patients
presents considerable difficulties. Previous attempts
have predominantly been confined to the analysis of
bile obtained by T-tube drainage in post-transplant pati-
ents whose bile acid enterohepatic circulation (EHC)
was interrupted for varying time periods [4, 8,9, 11, 17,
26]. Reports of the measurement of bile secretion with-
out EHC interruption, using duodenal perfusion, have
been confined to two studies in patients 6-8 weeks
post-transplant [25. 29]. There are no reports of analysis
of bile secretion from donor livers before transplanta-
tion. To assess the potential value of pre-transplant as-
sessment of the hepatic bile from donor livers, we used
a new technique to collect 65 hepatic bile samples from
18 donors at the time of organ retrieval. We then analy-



Table 1 Clinical and biochemical data at organ retrieval (No. pa-
tient number, Age patient age (years), AST/A LT aspartate amino-
transferase/alanine aminotransferase (IU/1). Bil bilirubin (pmol/l),
ALP alkaline phosphatase (IU/l), GGT gamma glutamiltransfer-
ase (1U/1), Alb albumin (g/1). INR/PT international normalized ra-
tio/prothrombin time (s), Hb haemoglobin (mg/dl), WCC white

cell count (x10°), CMV cytomegalovirus status, /TU days in inten-
sive care unit, Fatry liver assessment of hepatic fatty infiltration by
surgeon, M male, F temale, S.A.H. subarachnoid hacmorrhage.
I.C.B. intracraneal bleeding, Pos positive, Neg negative, — no data
available, Mild-Mod. mild to moderate fatty infiltration)

No. Age Sex Diagnosis ALT/AST Bil ALP GGT Alb INR/PT Hb WCC CMV ITU Fatty liver
I 23 F Meningitis 0/45 5 6 - 20 1.6/20 82 143 Pos 1 Mild-Mod.
2 31 M S.A.H. 0/91 8 53 9 20 1.3/0 14 16.5 Neg 2 Normal
3 15 F Encephalitis 0/68 7 41 - - 0/17 87 142 Neg 9 Normal
4 62 M S.AH. 0/14 13 141 12 30 0/15 11 11.9  Pos 1 Mild
5 45 F 1.CB. 12/0 15 - - 41 - 15 139  Pos 2 Normal
6 38 F S.A.H. 0/16 13 69 - 28 0/15 11 154 Neg 3 Mild
7 3% M CO poisoning  76/0) 12 48 - 30 018 14 143  Neg 3 Mild
& 41 F S.A.H. 0/39 3 40 173 26 1.1/0 11 14.6  Neg 7 Normal
9 42 F Brain tumour 0727 3 121 - 23 - 10 14 Neg S Normal
10 53 F I.C.B. 0/22 3 48 - 16 1.2/0 11 6.8 Neg 3 Mild
ir 47 M 1.C.B. 0/16 15 59 - 33 0/15 12 12.7  Pos 2 Mild
25 F S.AH 24/0 N] 88 - 21 - 84 12 Pos 3 Normal
13 54 F Head injury 0/15 8 76 - 44 - 14 125 Neg 2 Mild
4 48 F Amytriptiline  27/36 5 47 - 24 0/17 11 132 Pos 3 Mild
15 48 F S.AH. 80/39 7 80 - 24 1.6/16 10 6.3 Pos 2 Normal
l6 33 F S.AH. 0/9 [N 105 - 43 2.1/36 95 97 - 3 Normal
17 49 F Cardiac arrest ~ 218/0 6 6.6 - 27 1/0 13 183 Pos 2 Mild
18 21 M S.A.H. 0/21 38 - - 21 2.1/0 6.6 57 Pos 2 Normal
dure. The volume of bile was measured at 15-min intervals while
the dissection of the liver and other organs was being performed,
DONOR BILE VOLUME and this continued until multi-organ perfusion with preservation
LIVER MEASUREMENT :
(15-MIN solution.
INTERVALS) The total bile acid concentration was measured using an enzy-
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Fig.1 Hepatic bile collection during organ retrieval

sed bile flow, biliary bile acid concentration and compo-
sition and measured “apparent choleretic activity”
(ACA).

Materials and methods

Eighteen liver donors were assessed after Hospital Ethical Com-
mittee permission was granted. Relevant clinical and biochemical
data are summarized in Table 1. Hepatic bile samples were collect-
ed with a new technique during the standard surgical retrieval of
the liver. The cystic duct was ligated to exclude gallbladder bile
and the common bile duct was cannulated with an 8 FG feeding
tube. allowing free drainage of bile (Fig. 1). These additional sim-
ple steps did not significantly extend the time of the normal proce-

matic procedure [28] and biliary bile acid composition by high-per-
formance liquid chromatography [32]. Regression line analysis and
the correlation coefficients were calculated using Microsoft Excel
7.0 for Windows 95 and the statistical significance of the results
was calculated by an analysis of variance using SPSS 7.0 for Win-
dows.

Results

Liver donors

There were 5 males and 13 females with a median age of
44 years (range 15-62 years) and a median weight of
64 kg (range 50-85 kg). The median period in the inten-
sive care unit prior to organ donation and days of venti-
latory support were the same: 2.5 days (range 1-9 days).
During this period, these patients were not fed enterally
or intravenously. The median urinary output for the 24 h
prior to donation was 6.51 (range 2.3-101). Six donors
were treated for diabetes insipidus. Two patients were
resuscitated after cardiac arrest (donors 12 and 17) and
one after respiratory arrest (donor 4). Ten patients had
at least one episode of transient systemic hypotension
and were supported with inotropes (six requiring
dopamine at > 5 ug/kg per hour and one also receiving
adrenaline). Haemodynamic instability was not consid-



Fig.2 Apparent choleretic ac-
tivity (13 donors, 56 samples)
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ered sufficiently significant to preclude organ donation.
One donor had liver congestion secondary to a raised
central venous pressure (donor 6).

During organ retrieval, the macroscopic features of
the liver were assessed by the retrieving surgeon and in-
cluded nine normal livers, eight mildly fatty livers and
one with mild to moderate fatty infiltration (Table 1).
All donor livers perfused well with University of Wis-
consin solution except one (donor 1) with suboptimal
liver perfusion at laparotomy and initial patchy perfu-
sion with the preservation solution. All livers had nor-
mal biliary anatomy and one donor had gallstones (do-
nor 6). Two donors also had heart and lung retrieval
with an in situ cooling technique (donors 3 and 8).

Bile assessment

Sixty-five samples of hepatic bile were collected. The
median bile volume at 15-min intervals was 2 ml (range
0.5-12.5 ml). The median bile flow rate was 0.13 ml/
min (range 0.03-17 ml/min). The median total bile acid

BA output rate (umol/min)

concentration was 6 umol/ml (range 0.9-34 ymol/ml).
The median total bile acid output was 14.7 pmol (range
0.7-188 umol). The median total bile acid output rate
was 1 umol/min (range 0.04-12.5 pmol/min).

It was possible to collect at least three consecutive
hepatic bile samples in 13 of the 18 donors. A particular-
ly high total bile acid concentration was detected in the
first sample of one patient (donor 6), probably caused
by passage of gallbladder bile into the common bile
duct prior to the collection; this sample was discarded.
The median ACA of 56 samples from these 13 patients
was 175 ul/umol (range 68-366 pl/umol) and showed a
positive slope with the correlation coefficient (r) of 0.9
(Fig.2). The BADBF was 0.0953 ml/min and the BAI-
BF was 0.037 ml/min. When the ACA was calculated
for individual patients, there was a wide inter-patient
variation. All but three patients (donors 4, 6 and 11)
had a positive slope; the latter had slopes with a correla-
tion coefficient of less than 0.85 (Fig.3). The ten pati-
ents with positive slopes (group 1) showed statistically
significant differences (Student’s ¢ test) regarding bile
flow and bile acid output when compared with the other



Fig.4 ACA for group 1 (%),
n=10) and group 2 (M, n = 3)
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three patients (group 2), but the difference between the
respective ACA was not statistically significant (analysis
of variance; Fig.4). Primary bile acids predominated (up
to 70 % ) and all of the samples contained secondary bile
acids. There was a wide inter-patient variation in the
composition of the individual bile acids. Glycine conju-
gates predominated over taurine conjugates (median
glycine-taurine ratio was 2.3).

Liver recipients

The 13 donor livers in which ACA was calculated were
implanted in eight male and five female recipients (me-
dian age 46 years, range 1-68 years). The diagnosis,
graft appearance at retrieval, early graft function and

Table 2 Liver transplant recipient data (Don donor number, Rec
recipient reference, M male, F female, HCV hepatitis C virus,
FHF fulminant hepatic failure, HCC hepatocellular carcinoma,

BA output rate (umoi/min)

patient outcome are summarised in Table 2. The early
graft function was classified as “good”, when the initial
international normalized ratio (INR) was less than 2.5
and the serum aspartate aminotransferase (AST) levels
less than 1500 IU/] on day 1 post-transplant, “moderate™
when the INR was less than 3 or AST less than 2000 IU/1
and “poor” when the INR was more than 3 or AST
more than 2000 IU/1. Graft appearance at retrieval and
early graft function did not correlate. Of seven donor
livers considered “normal”, three had good and four
had moderate graft function. Of five “mildly™ fatty liv-
ers, two had moderate, two poor and one good graft
function. One graft was considered as mild to moderate-
ly fatty and had good early graft function. Donor livers
4,6 and 11 (group 2) had an ACA with a correlation co-
efficient of less than 0.85; all three were considered

PBC primary biliary cirrhosis, ALD alcoholic liver disease, HAT
hepatic artery thrombosis, I/AB intra-abdominal bleeding post-
transplantation)

Don Rec Age Sex Diagnosis Fatty Early graft Outcome
liver function
1 A 42 M HCV cirrhosis Mild-Mod. Good No complications
3 B 40 F Sec. biliary cirrhosis Normal Good Early HAT, retransplantation
4 C 60 F FHF No A-No B hepatitis Mild Poor IAB, sepsis, died
5 D 16 M FHF No A-No B hepatitis Normal Moderate No major complications
6 E 50 F Cryptogenic cirrhosis Mild Moderate Cholestasis, died
8 F 49 M HCYV cirrhosis + HCC Normal Good Recurrent HCV
9 G 1 M Neonatal hepatitis Normal Moderate No major complications
11 H 46 M Recurrent HCV Mild Poor Renal failure, [AB
12 1 68 F PBC Normal Good No major complications
14 J 48 M HCV cirrhosis + ALD Mild Good No major complications
15 K 54 M ALD Normal Moderate Bile duct dilatation
17 L 45 M HCYV cirrhosis Mild Moderate Cholestasis, steatosis
18 M 40 F FHF No A-No B hepatitis Normal Moderate Renal failure, sepsis

Donor livers 4, 6 and 11 have “apparent choleretic activity™ with a correlation coefficient of less than 0.85
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Table 3 Normal values for human bile secretion (BA/BF bile acid-independent bile flow, ACA apparent choleretic activity)

Year Patient Method Bile flow BAIBF BA output rate ACA
(ml/min) (ml/min) (wmol/min) (ul/umol)
Prandi [21] 1975 Gallstone T-tube 0.46 0.16 222 10
Ericzon [8] 1990 Post-OLT T-tube 0.06-0.16 0.04 0.5-2.4 34
Shiffman [26] 1991 Post-OLT T-tube 0.06-0.33 0.09 0.4-4.5 51
Theilman [29] 1991 Post-OLT Duodenal pertusion® 433
McCashland [17] 1994 Post-OLT T-tube® 0.09-0.16 0.07 0.4-1.1 129
T-tube® 0.08-0.2 0.02 0.3-0.9 220
Baumgartner {4] 1995 Post-OLT T-tube! 0.53 7.7
T-tube® 0.21 1.6
This study 1996 Donor Short-term drainage  0.13 0.04 1 175

* Patients between 6-12 weeks post-transplant
P Cyclosporin group
¢ FK506 group

mildly fatty at retrieval, but two had poor and one had
moderate graft function. Two of these three recipients
had post-operative intra-abdominal bleeding (recipients
C and H) and one had persistent cholestasis (recipient
E). Two patients subsequently died; recipient C of mul-
ti-organ failure with systemic sepsis and recipient E of
heart failure.

Discussion

Successful liver transplantation starts with proper organ
retrieval and adequate donor assessment [12]. Current-
ly, donor organ selection is based on overall donor
data, as there are no reliable tests for pre-transplant
graft assessment. Many clinical parameters have been
considered to predict graft function. These include do-
nor age [3, 5, 31], past medical history (e.g. viral infec-
tion, alcohol intake, smoking, drug abuse and chronic
liver disease) and medical status of the potential donor
(e.g. cause of brain stem death, trauma complications,
haemodynamic status, infections and length of hospital
stay). Laboratory parameters considered to predict
graft function include serum urea and creatinine and liv-
er function tests and coagulation expressed by the pro-
thrombin time or INR. Morphological changes found
on liver biopsy at the time of organ retrieval do not usu-
ally predict graft viability [14], but they are useful in as-
sessing the different degrees of fatty infiltration [2, 6,
30]. Endogenous metabolites that reflect liver function,
such as serum bile acids [4], bile acid clearance [23], ke-
tone body ratio [20, 27], the ratio between branched
chain amino-acids and aromatic amino acids [23], cyto-
chrome P450 activity measured by the lidocaine-
MEGX (monoethylglycinexylidide) test [1, 7] and the
adenosine triphosphate (ATP) content of the liver by
magnetic resonance spectroscopy [33], have all been
evaluated but have not found a place in clinical practice.

4 Group 1, uneventful recovery post-transplant
¢ Group 2, raised AST between days 5 and 8 post-transplant

Bile secretion is an important physiological function
of the liver and has been the subject of much research.
Many studies suggest that bile secretion is a potentially
useful marker of early liver function following liver
transplantation [8, 26]. The placement of a T-tube after
biliary reconstruction provides a direct source of hepat-
ic bile; however, it interrupts the EHC, causing chronic
bile pool depletion [11]. The predominance of primary
bile acid conjugates and the near absence of secondary
bile acids in samples collected using T-tubes [26] sug-
gest that the diversion is significant and that the bile
acid output is equivalent to bile acid biosynthesis from
cholesterol [17] and does not reflect normal physiologi-
cal recovery. The recognition that T-tube bile samples
have limitations has led to the use of other methods of
measuring bile acid secretion after human transplanta-
tion. Theilman et al. [29] used duodenal perfusion with
a non-absorbable marker, without EHC interruption,
6 weeks post-transplant. Although their method was
reliable, it is not suitable for early post-transplant stud-
ies.

The composition of bile produced by the liver graft is
determined by many donor and recipient factors [11].
There are no studies of bile acid secretion by the donor
liver prior to transplantation, and all post-transplant
studies are based on the consideration that the livers
start with a similar functional quality. However, this is
not so, as it involves the removal of the liver from an as-
sumed healthy environment (donor), the occurrence of
preservation injury (denervation and cold ischaemic
preservation) and implantation in a pathological envi-
ronment (recipient) under the effects of previous
cholestasis, surgical trauma, reduction of the bile pool
and the effect of a variety of drugs.

Current knowledge of bile flow has been derived
from studies of patients with T-tubes placed after chole-
cystectomy for gallstone disease [15, 21] and, more
recently, from studies of transplant recipients. The



“choleretic index™ [26], or “apparent choleretic activi-
ty” (ACA) [13, 17], is the expression of the relationship
between the bile acid secretion and the bile flow and is
calculated from the equation of a positive slope of a lin-
ear regression, indicating that more bile acid secretion
produces more bile flow (bile acid-dependent bile
flow). In humans there is a fraction of the total bile
flow that is not bile acid-dependent {bile acid-indepen-
dent bile flow) and this is calculated from the estimated
intercept of the slope.

The results of hepatic bile analysis in the present
study are compatible with the “normal” values for hu-
man bile flow, bile acid output rate and ACA reported
in the literature and they validate the collection tech-
nique and methodology (Table 3). There was, however,
a wide inter-patient variation between our 13 cases
with more than three samples analysed. When the indi-
vidual data is plotted on the regression line analysis, a
statistically significant positive correlation is shown in
ten patients (group 1) and not in three patients (group

2). When these groups are compared, the bile flow and
bile acid output rate are significantly different, with me-
dian values in group 1 two times higher than those in
group 2. The analysis of variance did not show a statisti-
cally significant difference when compared with the
slopes (ACA) of these groups, probably due to the small
number of cases; however, it was interesting to note ab-
normal early graft function and poor outcome in
group 2 recipients (Table 2). The significance of vari-
ables such as donor age, degree of fatty infiltration or
hospital stay will require the study of a larger number
of donors and recipients to confirm the use of donor liv-
er bile acid secretion as a discriminative tool for pre-
transplant liver function assessment.

In conclusion, this is the first study of bile acid secre-
tion in liver donors using a new technique for hepatic
bile collection. It allows access to hepatic bile under
controlled conditions without interruption of the EHC,
making this technique favourable for the study of bile
composition and bile flow.
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